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Abstract

This thesis examines competition among asymmetric firms in three different
theoretical frameworks. The first study investigates mobile telecommunications, with
a strong focus on access charge on off-net calls. Compared to the symmetric cost-based
access charge regulation, whilst the asymmetric cost-based access charge regulation
facilitates entry, it dampens social welfare if, relative to the incumbent, the new firm
is significantly inefficient in cost, distinctly inferior in reputation, and incapable of

clearly differentiating its service from the one provided by the established firm.

The second study sheds light on a broader framework of infrastructure sharing
among telecommunications firms with asymmetric cost structures. Compared to
stand-alone investment, co-investment is deemed to be collusive in quality upgrade,
and consequently decreases industry output and consumer surplus when infrastructure
sharing does not yield a sufficient amount of cost saving. Even though the fully-
distributed-cost regulation can stimulate investment in quality upgrade, it undermines
incentives to expand consumer bases, leads to price increases, and eventually dampens

consumer welfare.

The last study captures the competition beyond only one product market
where a multi-product firm competes with its single-product rivals by using a variety
of bundling strategies that impact on firms’ incentives for quality enhancement in
different ways. The pure-bundling strategy can encourage the multi-product firm to
invest in quality enhancement when the associated costs are comparatively low and
the additional utility from quality enhancement is relatively high, but it certainly
discourages the single-product firms from improving quality. In the mixed-bundling
case, this outcome inevitably occurs in the more competitive market, and it is likely to
be found in the less competitive market when the markets are not too different in
competition intensity. Therefore, both bundling strategies threaten consumer welfare
when the two markets are significantly different in competition intensity due to the

negative influence of the market distortions after tying the two markets.
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Chapter 1

Introduction

Telecommunications services were first provided by government agencies
because of the requirement of high investment in infrastructure and the obligation to
the public, like other public services. After the privatisation of telecommunications
services and telecommunications reforms, the industry has still been in need of being
monitored and regulated by national regulatory authorities (NRAS) to ensure an
acceptable degree of competition and social benefit. In form of commissions or
quasi-judicial boards, the regulators have been entitled to make judgments on
telecommunications affairs and disputes between telecommunications service
providers. There was a rapidly growing trend in the foundation of NRAs in many

countries around the world.

In competition with the incumbents, some entrants are granted licenses to
operate as telecommunications service providers in anticipation of a boost in the
degree of competition and consumer welfare. When telecommunications service
providers are symmetric in terms of cost efficiency, financial constraints and market
power, the regulators can easily achieve their goals of finance, efficiency and equity.
However, in the real business world, firms are normally asymmetric. According to the
main characteristics of incumbents with market dominance, the dominant firms are
likely to seize this opportunity to corner the markets by employing predatory
strategies and creating barriers to entry, which can hinder the improvement of market
efficiency and social welfare. Similar to other industries, firm asymmetry between
incumbents and entrants can lead to several crucial issues about market inefficiency
such as predatory pricing, vertical integration, margin squeezing, collusion, tying and
bundling. These problems seem much more complicated for the telecommunications

regulators because the nature of the industry is oligopolistic. Consequently, in a period
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of transition between infant markets and mature markets, the regulators continue to
closely monitor the market efficiency in this oligopolistic situation. The regulators
may impose behavioural interventions and/or structural interventions in order to
promote social welfare in the long run. An example of behavioural interventions is
price regulation, while structural interventions involve service providers’ business
modules and organisational structures. This thesis aims to discuss some crucially
important issues of competition and regulations in telecommunications, including
interconnection, infrastructure sharing and service bundling in the context of firm

asymmetry.

1.1 Firm asymmetry in telecommunications

Telecommunications markets are distinct from other product markets in that
both competition and cooperation between competitive firms are likely to occur
simultaneously. In general, firms compete for consumers to maximise their own
profit. However, telecommunications service providers compete in the retail market
while they also cooperate with one another to complete their services that run on not
only their own networks, but also their rivals’ networks. Theoretically, the relationship
among these firms is based on the concept of one-way access or two-way access.
Competitive firms compete for end users, whereas they have an agreement in the
wholesaler-retailer relationship. This can be seen in several telecommunications sectors
such as mobile telephony, fixed line and the Internet. They have to agree on
interconnection in order to allow transmission from one network to another network.
In the mobile telephony market, they impose access charges (interconnection charges/
mobile termination rates) for providing call termination. This is the reason why they

are highly interdependent.

Moreover, after subscribing to a network, a consumer may have difficulty in
switching to another network and accordingly become locked in the network.
Consumers may experience high technical switching costs and a complicated
procedure for switching networks. Similar to other experience goods, if consumers are

satisfied with their current networks, they tend to believe that their current networks
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are more reliable than other networks which they have never used before. This type of
brand loyalty can influence consumers’ decisions, especially when an entrant
struggles to introduce its service in the market where an incumbent has long been
operating. In the mobile telephony market, the regulators in several counties try to
lower switching cost by implementing Mobile Number Portability (MNP). This policy
allows consumers to change their mobile networks more easily while they can also
keep their current mobile numbers. However, there is some evidence to support that
firms tend to set high access charges in order to soften competition. High access
charge is also considered to be a predatory strategy in some situations. Most
regulators recognise these problems and adopt cost-based access charge regulation to

mitigate the distortion in retail prices.

When the market is mature, all firms are capable of competing in strong
competition. As a result, social welfare is enhanced and consumers enjoy the benefits
of the competitive market. However, in the infant market, entrants are likely to be at a
disadvantage. Incumbents are more likely to foreclose the market. The competitive
market is impeded by the predatory behaviour of the incumbents. In addition, it is
admitted that technology in the telecommunications industry rapidly changes.
Therefore, the issues of asymmetry become inevitably involved in regulatory regimes.
For instance, in the mobile market, cost asymmetry occurs when mobile network
operators (MNOs) have different experiences and/or technologies. Advanced technology
is mostly designed to reduce cost and bring service providers an advantage to compete
in the market. Nevertheless, investment in more advanced technology may be
suppressed by its prohibitively high fixed cost. Big companies that hold significant
market power have a strong tendency to dominate with more advanced services. This
situation may be beneficial to consumers when the big firms develop their expertise in
telecommunications. Conversely, it may be too risky for an entrant to enter the
market. Consequently, the regulators should facilitate entry in order to attain their
long-run goal of fair and efficient facility-based competition.

For example, Thai telecommunications regulator, NBTC, implements cost-
based access charge in the mobile telephony market. New network operators have

been encouraged to compete with the incumbents in anticipation of an increase in
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degree of competition and welfare. Mobile network operators in Thailand are legally
required to report their termination costs to the regulator. These reports are used to
support their proposals to collect cost-based access charges. The dominant established
networks, which earn comparatively large market shares, have proposed significantly
lower access charge than small networks. In 2011, AIS with the largest market share
(43.66 %) has proposed access charge at 1.07 baht per minute. Likewise, DTAC and
TrueMove with 30.04 % and 23.73 % of market shares have proposed access charge
at 1 and 1.07 baht per minute respectively. On the other hand, a new mobile network
operator, TOT, with a negligible market share of 0.15 %, has proposed significantly
higher access charge at 1.25 baht per minute (NBTC, 2012). It is implied that the new
network may incur higher termination cost. The new network is less likely to
penetrate the market. The regulators should consider an effective policy to intensify

the competition among asymmetric networks and promote social welfare.

In addition to facility-based competition, telecommunications firms may use
other modes of entry. Co-investment is an approach telecommunications firms adopt to
facilitate the launch of advanced services with a lighter burden of investment in
infrastructure. According to a business model, capital expense (CAPEX) and
operation expense (OPEX) are claimed to significantly decrease after the costs are
shared under co-investment. The models of infrastructure sharing vary according to
degrees of sharing. Some firms may agree on partial sharing of some common
facilities. Others may agree on full sharing of network and frequency pooling/trading.
For instance, in the wireless telephony sector, both passive RAN sharing® and active
RAN sharing? have been admissible in Austria, Germany, Sweden, Switzerland and
UK. Meanwhile, frequency pooling/trading has not yet been admissible in Austria,
Germany, UK and Switzerland (Frisanco, Tafertshofer, Lurin, and Ang, 2008). This
concept of infrastructure sharing is also applied to the broadband internet market in an
effort to hasten the next generation network deployment. However, there is some

concern about incentive to quality enhancement under co-investment. In addition,

! passive radio access network sharing

2 active radio access network sharing
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service-based entry is another approach of the infrastructure-sharing concept. Entrants
use the incumbent’s facilities by virtue of local loop unbundling. The entrants benefit
from the service-based entry, especially when they are concerned about the uncertainty
of technological change and demand. The competition between a facility-based operator
and a service-based operator may affect competition intensity and the market outcomes

under this asymmetry situation.

Furthermore, a telecommunications firm may provide a wide variety of services
and also strategically offer service bundles in order to become dominant in the industry.
As seen in the fixed broadband market, consumers have a tendency to subscribe to
broadband internet providers that supply other telecommunications services such as
landline, multichannel TV and mobile telephony. As seen in Figure 1.1, in the UK,
the consumption of bundles of services served by the same service providers has been
increasing since 2005. According to Figure 1.2, as broadband internet subscribers, the
majority of respondents choose other telecommunications services which are included
in a bundle offered by the same provider as broadband service. This pattern of

consumption can be seen in many countries.
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Figure 1.1 Take-up of bundled services over time
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Figure 1.2 Proportion of consumers buying their fixed broadband service

in conjunction with other communications services

The firms that offer a wider range of telecommunications services benefit
from their favourable position to extract rents by tying their services in the related
markets. There is some concern about the survival of the single-product firms that are
incapable of offering attractive bundles. The competition intensity, quality and prices
in the context of bundling are highly debatable. For example, in Canada, bundling in
telecommunications has been closely monitored by the regulator, CRTC. The firms
which offer bundles have been obliged to set reasonable bundle prices on the grounds
of a cost-oriented basis in order to prevent predatory pricing behaviour. Additionally,
the integrated firms or the upstream firms with the bundling strategy have also been

18



monitored. The regulator aims to ensure that the downstream rivals are not threatened

by the bundling strategy when they compete for end users in the retail markets.

Fair and efficient regulation is a challenge for the telecommunications
regulators. It is ambiguous to point out clear-cut policies and regulations in the
context of firm asymmetry. However, interventions by the regulators are still necessary
to facilitate the market outcome to approach the ideal state of efficiency in terms of
social welfare. Suggestions for optimal regulations vary according to circumstances as

seen in the existing literature reviewed in the next section.

1.2 Literature review

This thesis focuses on the competition in the environment of firm asymmetry
in order to investigate the competitive behaviours of asymmetric firms, especially in
telecommunications markets. This thesis reviews the existing related literature on
firm asymmetry issues, which have recently been brought into focus, including
(1) interconnection in telecommunications, (2) infrastructure sharing, and (3) bundling.

1.2.1 Interconnection in telecommunications

Telecommunications regulators’ goal is to promote market competition among
telecommunications service providers. Mobile telephony is one of the examples of
these complicated market structures. Due to a small number of mobile network
operators, they may tacitly collude and not fiercely compete with each other.
Basically, an on-net call is delivered within the same network and an off-net call is
originated and terminated by different networks. As a wholesaler, a network supplies
its rivals with terminating service for off-net calls despite the fact that they still
compete in the downstream (retail) market. Each network’s revenue is divided into
two main components based on the Calling Party Pays (CPP) principle. The first one
is revenue from call origination. This revenue is collected from its own subscribers.
The second one is access revenue/deficit from call termination. When a network
originates off-net calls, it has to pay access charges to other networks which terminate

these off-net calls. Conversely, the network generates revenue from terminating the
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incoming off-net calls from other networks. This two-way access shapes the
telephony markets in a complicated way. In other words, an access charge is deemed
to be a wholesale price that an originating network has to pay for terminating service
provided by a terminating network. Consequently, firms can influence their rivals’
retail prices by charging high access charge in the upstream (wholesale) market. The
recent literature related to mobile and fixed networks reveals that network operators
can soften competition or even foreclose the markets by means of access charge and
retail price setting.

Theoretical and empirical studies in this topic proposed various models
underlain by different assumptions about the market structures. They concluded
different findings and made alternative suggestions. Most policy implications from
the literature give a strong focus on enhancing competition and social welfare.

Uniform Pricing

Under the uniform pricing scheme, on-net calls and off-net calls are charged at
the same price. Under this pricing scheme with linear tariffs, access charge is claimed
to be an instrument of tacit collusion (Armstrong, 1998; Laffont, Rey and Tirole,
1998a). Symmetric networks set high reciprocal access charge in order to prevent
price-cutting. Under the condition that access charge is not too high and networks’
services are not closely substitutable, networks finally agree to choose above-cost
reciprocal access charge and their retail prices increase with the access charge mark-
up. An equilibrium retail price is greater than perceived cost because of the effect of
double marginalization. It is set to cover a mark-up on associated access charge
(Laffont, Rey and Tirole, 1998a). However, in accordance with double marginalization,
socially optimal access charge should be set below cost in order to pull the
corresponding retail price down to the welfare-maximising level (Armstrong, 1998;
Laffont, Rey and Tirole, 1998a).

Furthermore, under uniform pricing with two-part tariffs, networks can
generate profit from fixed fees. The profit-maximising retail price is set at the
weighted-average associated cost of on-net marginal cost and off-net perceived cost
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(Carter and Wright, 2003; Laffont, Rey and Tirole, 1998a; Lopez and Rey, 2009;
Peitz, 2005). Most of the related literature assumes the balanced calling pattern.
According to this assumption, all subscribers have an equal probability to be called
and they are not classified as heavy or light users. Thus, the numbers of on-net calls
and off-net calls made by a subscriber correspond to his network’s market share. Due
to the balanced calling pattern assumption, when the reciprocal access charge is set
above the marginal cost, a larger network can charge a lower retail price than a
smaller network. This is because the large firm originates a greater number of on-net
calls than off-net calls and then its weighted-average associated cost is lower than that
of the small firm (Carter and Wright, 2003; Laffont, Rey and Tirole, 1998a).
However, the profits of both networks are independent of access charge when the
networks reach an agreement on reciprocal access charge. At any possible level of
access charge, the networks’ profits are not affected because they will set their retail
prices to cover their perceived costs and reap profits from fixed fees. As a result, cost-
based reciprocal access charge tends to occur if the negotiation on reciprocal access
charge is successful. Nevertheless, a network may reap more profit if it can set higher
access charge than its competitor. Therefore, the networks have an incentive to
unilaterally increase access charge and cost-based reciprocal access charge may not

occur in equilibrium (Laffont, Rey and Tirole, 1998a).
Network-based price discrimination

As seen in the mobile market, a network may set different tariffs for its on-net
and off-net calls. An access mark-up directly affects a corresponding off-net price. In
other words, off-net prices increase with associated access charges, which are set by
rival networks. This price discrimination may ameliorate the effect of double
marginalization because the mark-up on access charge no longer has a direct effect on
the corresponding on-net price. In addition, the price discrimination may intensify
competition because the average price of on-net and off-net calls is lower than the
retail price under uniform pricing (Laffont, Rey and Tirole, 1998b).

Under two-part tariffs, networks collect fixed fees in addition to usage fees.

Networks choose on-net and off-net prices equal to perceived costs, and they
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consequently gain no profit from usage fees. However, the networks still make profits
from fixed fees. In other words, networks set retail prices as low as perceived costs
and extract profits from consumer surplus by charging fixed fees (Gans and King,
2001; Laffont, Rey and Tirole, 1998b; Lopez and Rey, 2009; Peitz, 2005). Laffont,
Rey and Tirole (1998b) concluded that networks may agree to set cost-based access
charge in order to earn the maximum profits. If networks set any mark-up on access
charge, their profits will decrease from the maximum levels. On the contrary, Gans
and King (2001) argued that if below-cost access charge is allowed, networks may
agree on below-cost reciprocal access charge in order to maximise their own profits.
As a result, each network charges its on-net price higher than its off-net price instead.
According to the balanced calling pattern assumption, the small network is more
attractive. This is because if a consumer chooses to join the small network, he has a
higher probability to make off-net calls than on-net calls and accordingly benefits
from relatively low payment. Subsequently, the networks do not have an incentive to
expand their market shares because the big firm will experience access deficit and its
profit will dwindle in this setting. The networks will not attract a marginal consumer
by reducing their fixed fees. Therefore, under price discrimination and non-linear
tariffs, setting below-cost access charge may soften price competition in this manner.
However, below-cost access charge is unlikely to be practical in the business world. It
is difficult to draw up a contract for below-cost access charge.

As seen in the previous section, it is claimed that an access mark-up can be
used as tacit collusion to avoid price war under uniform pricing with linear tariffs
(Armstrong, 1998; Laffont, Rey and Tirole, 1998a). Likewise, Gans and King (2001)
concluded that bill-and-keep, which can be interpreted as no access charge (access
charge at a rate of zero), may also increase networks’ profits and decrease social
welfare. In addition to above-cost access charge, networks may adopt bill-and-keep
and use this scheme as tacit collusion under price discrimination with non-linear
tariffs. Similar to Gans and King (2001), Calzada and Valletti (2008) showed that
even in the model of several identical firms, networks agree to choose below-cost

reciprocal access charge and dampen competition.
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Asymmetric networks

The aforementioned literature concerns symmetric networks which can be
seen only in the mature market. Networks can compete with each other without any
entry barrier. This situation occurs at the mature stage of the industry. However, at the
early stage of the market, an entrant enters later than an incumbent. As a result, the
incumbent is likely to be more attractive to consumers than the entrant. Consumers do
not carefully consider only competitive retail prices but also networks’ reputations.
The incumbent may occupy a dominant position and take advantage of its good
reputation and brand loyalty. Carter and Wright (2003) set up a model of asymmetric
networks having the same cost structure but different levels of brand loyalty. In their
model, networks compete under uniform pricing with two-part tariffs. From consumers’
perspectives, the incumbent is more reliable than the entrant. Thus, the entrant has to
give extra benefit to consumers by offering a lower retail price in order to persuade
them to choose its service instead of joining the incumbent. This asymmetry can be
interpreted as one type of switching cost, which can cause consumers to hesitate to
join the new network. Carter and Wright (2003) introduced a parameter representing
brand loyalty which equally affects all consumers on the preference line in the
standard Hotelling model. They found that if the large network and the small network
can negotiate reciprocal access charge, the profit-maximising access charge is equal to
termination cost which is a benchmark for the socially optimal access charge. On the
other hand, if the networks can unilaterally set their access charges, both firms will
choose above-cost access charges and the large firm’s access charge is higher than

that of the small firm.

Peitz (2005) assumed different levels of fixed utilities which consumers receive
from different networks under two-part tariffs with network-based discriminatory
pricing. These fixed utilities vary from network to network. If a consumer subscribes
to the incumbent, he will gain higher fixed utility than that from joining the entrant
because of reliability, goodwill and/or special service obtained only from the
incumbent. The study suggests that the regulator should regulate the incumbent to set

cost-based access charge. Accordingly, the entrant will impose an access mark-up.

23



This asymmetric access charge regulation is more felicitous than the symmetric cost-
based access charge because it can increase consumer surplus and the entrant’s profit.
Despite a reduction in the incumbent’s profit, the asymmetric regulation is designed to
achieve the regulator’s goals of improving consumer welfare, encouraging entry and

promoting market competition.

Baranes and Vuong (2012) further examined the asymmetric mobile market
where the incumbent deploys a new technology with full market coverage but the
entrant offers the new technology with partial market coverage and competes for the
rest of the market with the old technology. They omitted an issue of differences in
marginal cost of call origination and termination but emphasised the degree of
asymmetry between networks according to the discrepancy in technology deployment.
They asserted that the asymmetric regulation on termination charges can increase the
entrant’s market share and intensify market competition, which benefits consumers.
However, the asymmetric regulation reduces the incumbent’s profit. Therefore, this
regulation may increase social welfare under certain circumstances when the positive

impact on market competition prevails.

Without regulatory intervention, Hoernig (2007) pointed out that the on-net/
off-net differential set by the large network can act as predatory pricing. Due to the
assumption of the utility from receiving calls, the large network can reduce the utility
of its rival’s subscribers by raising access price and accordingly pushing up its rival’s
off-net price. In addition, the volume of outgoing calls from the large network to its
rival network decreases. Therefore, the large network may set high access charge to

discourage entry.

To assess the predatory behaviour of the incumbent, Lopez and Rey (2009)
examined the asymmetric networks regarding switching cost under network-based
price discrimination and non-linear tariffs. Consumers will confront switching cost
when they decide to switch from the incumbent to the entrant. The incumbent has an
advantage from consumer inertia when switching cost is large. The incumbent tends
to set high reciprocal access charge and a prohibitive off-net price to drive the entrant
or the small network out of the market. They also pointed out that in the absence of
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switching cost, the incumbent still have control over the market under the reciprocal
access charge agreement. When network-based price discrimination is allowed, the

incumbent or the large network probably corners the market.

The incumbent has larger market share as a result of consumers’ perception of
extra benefits from joining the incumbent, even though both the incumbent and the
entrant are symmetric in cost structure and quality. The incumbent may take this
opportunity to harm the entrant by setting high access charge. This predatory
behaviour is reported by recent studies in the setting of two-part tariffs under not only
network-based price discrimination, but also uniform pricing. Under uniform pricing,
the incumbent may set such high access charge that the entrant cannot make profit
when the networks are allowed to unilaterally set access charges (Carter and Wright,
2003). Likewise, under network-based price discrimination, the incumbent uses high
access charge and the price differential between on-net and off-net calls to deter entry.
When the incumbent set high access charge to limit entry, the entrant’s off-net price
soars and finally the entrant is not attractive (Calzada and Valletti, 2008; Hoernig,
2007; Lopez and Rey, 2009). Thus, access charge should be rigorously monitored by

regulators.

There has been empirical evidence confirming that access charge plays an
important role in retail price setting by mobile network operators. In the early 2000s,
the volume of mobile calls was significantly lower than that of fixed-line, which has
served the market with full coverage long before the emergence of mobile service. In
this situation, it was asserted that an increase in mobile termination rate (MTR)? could
lead to a significant reduction in mobile retail price (the waterbed effect) in both
theoretical and empirical studies. An allowance of mark-up on MTR could encourage
mobile market expansion through subsidising cost of providing mobile service to
mobile subscribers (Armstrong and Wright, 2009; Genakos and Valletti, 2011; Harbord
and Pagnozzi, 2010). Genakos and Valletti (2015) added more recent data in their

® Similar to access charge in the present study and some theoretical work, the term mobile
termination rate (MTR) refers to a fee for the provision of call termination by a mobile

network operator.
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empirical work to revisit the issue of the waterbed effect that had been found in
Genakos and Valletti (2011). They found that the effect becomes less significant than
the competition effect between mobile network operators because mobile has been
growing in importance with greater outgoing-call volume than fixed-line according to
a report by Ofcom (2014). They supported that mobile retail price decreases after a
reduction in MTR (Genakos and Valletti, 2015) in line with the aforementioned
findings in the relevant theoretical work (Armstrong and Wright, 2009; Calzada and
Valletti, 2008; Hoernig, 2007; Lopez and Rey, 2009). From a theoretical perspective,
in the situation where an entrant enters the mobile market in which an incumbent has
already established dominance, the unregulated small network unilaterally increases
its MTR under the asymmetric regulation (Baranes and Vuong, 2012; Lee, Lee and
Jung, 2010; Peitz, 2005). Empirical evidence from European countries also shows that
a smaller mobile network sets higher access charge because its access charge has a
less significant effect on the average price and demand with regard to consumer
ignorance (Dewenter and Haucap, 2005). However, when small firms can penetrate
into the market and the firm asymmetry is less substantial in the mature phase of
mobile market, the regulators in many countries, for example, Sweden, Denmark,
Poland and Portugal, have adopted the symmetric regulation instead of the asymmetric

regulation in expectation of welfare enhancement (Lee, Lee and Jung, 2010)

In addition to the issue of access charge in the firm-asymmetry environment,
Mobile Number Portability can reduce switching cost associated with the difficulty
of changing telephone numbers. Under this scheme, consumers can change their
networks without changing their current mobile numbers (Maicas, Polo and Sese,
2009). This policy supports the entrant to be viable in the market by alleviating the
asymmetry between the incumbent and the entrant. Gabrielsen and Vagstad (2008)
also studied the effect of calling club, which locks consumers into the same network
as their friends and families. When networks are allowed to discriminate price
between on-net and off-net calls, the presence of calling club can be interpreted as

switching cost, which discourages subscribers from changing their networks.

Some studies further investigated asymmetric networks in different ways.
Cambini and Valletti (2003) argued that networks with asymmetry in quality, but
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identical cost, set above-cost access charge, while socially optimal access charge
should be set below cost. They also supported that bill-and-keep should be implemented
instead of LRIC,* because the bill-and-keep agreement would stimulate investment in

quality.

The aforementioned studies investigated asymmetric networks in the context
of reputation and incumbency of established firms. In order to emphasise the effects
of this aspect of firm asymmetry, those studies generally assume that networks have
the same cost structure, i.e. both origination and termination costs are identical among

competing firms.
Call externality

Several studies assume that a caller enjoys utility from making a call but a
receiver has no utility from answering the call (Gans and King, 2001; Laffont, Rey
and Tirole, 1998a). Under the assumption of call externality, both callers and
receivers have utility from making and answering calls respectively. Under network-
based price discrimination, call externality plays an important role in firms’ competitive
behaviours and consumers’ decisions. In the absence of call externality, under network-
based price discrimination and two-part tariffs, it is claimed that networks can make
profit from fixed fees and offer both on-net and off-net prices at perceived costs
(Cambini and Valletti, 2003; Gans and King, 2001; Laffont, Rey and Tirole, 1998b;
Lopez and Rey; 2009; Peitz, 2005). When call externality is taken into account,

networks set retail prices below associated costs (Berger, 2005; Hoernig, 2007).

Hoernig (2007) set up a model incorporating call externality and additional
utility, which consumers receive only from the incumbent. One example of additional
utility is the benefit from the incumbent’s reputation. It is found that networks charge
their equilibrium on-net prices below their associated costs. Additionally, the large

network may offer a higher off-net price than the small firm. Even though the large

* LRIC is one of the methodologies which the regulators implement in order to oblige mobile

network providers to set their access charges on the grounds of marginal termination costs.
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network sets higher off-net price, most consumers still choose its service. This is
because the utility from receiving on-net calls within the large network predominates
when the volume of on-net calls within the large network is greater than that of off-
net. Moreover, the large network’s high off-net price can decrease the volume of
corresponding off-net calls and then reduce the utility that its rival’s subscribers
receive from answering these off-net calls. As a result, most consumers consider the

rival network less attractive.

A network has incentive to widen the gap between on-net and off-net prices in
order to put its rival at a disadvantage. According to call externality, a network may
set a low on-net price to attract consumers, whereas it may set a high off-net price to
decrease the number of outgoing off-net calls. Subsequently, the subscribers of its
rival receive less incoming off-net calls, and the rival network becomes less attractive
because of offering lower utility (Hoernig, 2007; Jeon, Laffont and Tirole, 2004). The
incumbent with a larger network has an advantage from call externality. It can impose
a large on-net/off-net differential and a high off-net price as a barrier to entry
(Hoernig, 2007).

In addition to facility-based entry, an entrant may choose service-based entry
and other approaches of infrastructure sharing, especially when facility-based entry is
not financially feasible. There are other forms of relationships among competitive
firms, which are usually asymmetric in some aspects. The next section reviews the
literature on various approaches of infrastructure sharing in the telecommunications

industry.
1.2.2 Infrastructure sharing

In telecommunications markets, facility-based firms have a great financial
burden of investment in their own network facilities, whereas they incur only
comparatively negligible marginal cost. An entrant with financial constraints may
seek for access network to enter the market as a service-based firm. Moreover,

co-investment in infrastructure is also an alternative to conventional investment,
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especially in new advanced technology in association with incredibly high investment

cost.

In the mobile telephony market, there are several approaches of infrastructure
sharing from different perspectives of business and engineering. In a business model,
firms may agree on infrastructure sharing with contractual obligations. In a geographic
model, a firm may share other firms’ infrastructures in the regions that it does not
directly invest in. Lastly, in a technology model, infrastructure sharing raises several
issues of technical engineering (Frisanco, Tafertshofer, Lurin, and Ang, 2008). From a
technical viewpoint, mobile network operators may share their facilities at different
levels of infrastructure sharing. The intensity of sharing ranges from a small degree of
infrastructure sharing (firms co-invest in some common facilities but separately invest
in other equipment) to full sharing, roaming and service-based entry by a mobile
virtual network operator (MVNO). A higher degree of infrastructure sharing leads to a
bigger portion of cost saving that firms are more likely to achieve (Beckman and
Smith, 2005; Song, Zo and Lee, 2012). From an economic viewpoint, the consideration
of infrastructure sharing is associated with not only cost saving but also market

competition, retail price and social welfare as a whole.
Infrastructure sharing in a single-area framework

In the broadband internet market, the trade-off between static efficiency and
dynamic efficiency of next generation access network has been a debatable issue for
over a decade. An obvious example is an issue of access networks which a facility-
based incumbent provides for a service-based entrant. This can be seen as an extreme
level of infrastructure sharing, e.g. local loop unbundling, where the entrant pays an
access price as a wholesale price for using the incumbent’s access network. From a
static perspective, high access price can increase the incumbent’s profit in the wholesale
market. Moreover, high access price may dampen market competition because the
service-based entrant incurs a high wholesale price and its retail price is pushed up
accordingly (Bourreau, Cambini and Hoernig, 2015). In contrast, low access price
encourages the service-based entrant to enter the retail market, and it then intensifies

competition in the short run because the incumbent is regulated to set reasonable
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access price. Consequently, access regulation is necessary if the regulator pays more
attention to retail market competition from a static viewpoint. Some studies support
cost-related access price in an attempt to promote competition and protect consumer

welfare.

However, from a dynamic viewpoint, the regulator should consider the trade-
off between the positive effects of access regulation on competition in the short run
and the negative effects on investment and innovation in the long run. According to a
literature review by Cambini and Jiang (2009), most of the theoretical studies support
that cost-oriented access price, which encourages service-based entrants for the purpose
of increasing static efficiency, can undermine incentives to investment and innovation.
With low access price or cost-based access price, the facility-based incumbent has
less incentive to develop and invest in advanced-technology infrastructure. On the
other hand, high access price can stimulate the facility-based incumbent to invest
more heavily in new technology. Additionally, high access price may influence the
entrant’s strategic decision on mode of entry. With high access price, the entrant may
find it more profitable to invest in its own infrastructure instead of leasing access
network from the incumbent. Then, network duplication benefits consumers with a
wider variety of services (Bourreau, Cambini and Hoernig, 2015). In summary, access
regulation may have a negative effect on incentive to invest in advanced technology
(Bourreau, Cambini and Hoernig, 2015; Cambini and Silvestri, 2013; Cambini and
Valletti, 2003; Godinho de Matos and Ferreira, 2011; Kotakorpi, 2006; Nitsche and
Wiethaus, 2011; Vareda, 2010). From a static view point, the competition in the
existing market may be less intense because of high retail price corresponding directly
to high access price in the wholesale market (Bourreau, Cambini and Dogan, 2012;

Bourreau, Cambini and Hoernig, 2015).

Vereda (2010) further investigated the competition between a facility-based
incumbent and a service-based entrant in the broadband market. In the study, the
incumbent decides on further investment in quality upgrade and cost reduction. It is
commonly found that the incumbent increases a level of quality if it can charge high
access price. Conversely, high access price undermines incentive to reduce cost if a

process of cost reduction requires a substantial level of further investment.
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Nitsche and Wiethaus (2011) studied an incumbent’s decision on investment
in next generation network (NGN). Their model assumed only one incumbent and one
entrant competing a la Cournot. The entrant is only a service-based operator and it has
to pay access price to get access to the incumbent’s technology. They concluded that
LRIC (an approach of cost-based access price) yields the lowest investment and the
poorest consumer welfare amongst other access price regimes. The study shows that
risk-sharing by co-investment yields the highest consumer welfare amongst other
access price regimes, including the fully-distributed-cost approach and the regulatory

holiday.

In contrast to the majority of the relevant literature, a few studies argue that
high access price can have a negative impact on investment in innovation under
certain circumstances. Gayle and Weisman (2007) examined an incumbent’s incentive
to invest in cost-reducing innovation when an entrant makes a make-or-buy decision
to use the incumbent’s network under mandatory unbundling. In line with the standard
result, they supported that mandatory unbundling, which encourages service-based
competition, can undermine the incumbent’s incentive to invest. Nevertheless, similar
to Vareda (2010), they also pointed out that the incumbent decreases investment in
innovation when access price is raised in the access price range that preserves the
efficient make-or-buy decision. This is because raising access price leads to an increase
in retail price and a corresponding decrease in output, which finally discourages

investment in innovation.

The recent empirical evidence also supports that the access price regulation
and mandatory local loop unbundling do not stimulate the next generation access
network deployment (Bacache, Bourreau, and Gaudin, 2014; Bouckaert, van Dijk and
Verboven, 2010; Briglauer, Ecker and Gugler, 2013; Briglauer, Gugler and
Haxhimusa, 2015; Crandall, Eisenach, and Ingraham, 2013; Grajek and Roéller, 2012).
Briglauer, Ecker and Gugler (2013), using data from the EU27 member states for the
years from 2005 to 2011, revealed that service-based competition under mandatory
local loop unbundling has an adverse impact on the deployment of fibre optic as high-
speed broadband internet service. This finding is also confirmed by evidence from
OECD countries. Bouckaert, van Dijk and Verboven (2010), using data from 20
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OECD countries in the period from December 2003 to March 2008, found that
broadband penetration is promoted by inter-platform competition such as cable and
wireless, but it is impeded by service-based intra-platform competition. Therefore, it
IS suggested that the promotion of inter-platform competition is the efficient way to
expand broadband penetration. Briglauer, Gugler and Haxhimusa (2015) employed
firm-level data of incumbents and entrants from European countries in the period
from 2003 to 2012. They provided significant evidence that facility-based competition
has a positive effect on investment by both incumbents and entrants. The empirical
evidence does not link the NGN deployment to the concept of stepping stone or
ladder of investment (Cave, 2006; Cave and Vogelsang, 2003) that supports service-
based entry in an early phase of liberalisation in expectation of the gradual development
of the entrants’ infrastructure along the ladder of investment after they can build up

their consumer bases and expertise.

The regulators take on the challenge of new regulatory regimes for NGN in
the broadband internet market when their consideration is beyond a static framework.
Although cost-based access price may dampen investment in NGN from a dynamic
perspective, other alternatives still require support from a substantial number of
related studies. Deregulation on access price or the regulatory holiday may be suitable
under some circumstances; however, it is necessary for the regulators to carefully
monitor the competition in NGN (Kirsch and von Hirschhausen, 2008). In the US,
deregulation has been implemented in the broadband market for the purpose of
facilitating the NGN deployment (Cambini and Jiang, 2009).

Infrastructure sharing with coverage concern

In addition to the competition in one single area, some studies extend their
models to firms’ decisions on coverage of telecommunications services when firms
enter in multiple areas. In the presence of local loop unbundling, access price still
plays a crucial role not only in firms’ decisions on investment in a single area, but
also in the strategic coverage decision. In a single area, there is evidence to support
that high access charge stimulates the investment of the facility-based incumbent. In

the setting of multi-area competition, an increase in access price also gives the
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facility-based firms an incentive to invest in the coverage expansion (Bourreau,

Cambini and Dogan, 2012; Bourreau, Cambini and Hoernig, 2015).

Valletti, Hoernig and Barros (2002) examined the coverage of two facility-
based networks under different regulatory policies. They focused on only one
technology and omitted the issue of investment in service enhancement. This static
framework boils down to a two-stage game where the two firms decide on their own
coverage and then choose their retail prices later. On the assumption that the
incumbent invests in larger coverage, it operates in both monopoly areas and duopoly
areas in competition with the entrant. Like Armstrong and Vickers (1993) and
Armstrong (2001), the study reported a very low price in duopoly areas but a very
high price in monopoly areas. However, when price discrimination across areas is not
allowed, the uniform price is set between the high monopoly price and the low
duopoly price. The uniform price decreases with the entrant’s coverage relative to the
incumbent’s coverage, i.e. the number of duopoly areas relative to that of monopoly
areas. Moreover, a price cap imposed by the regulator also plays a role in the firms’
decisions on coverage. If the price cap is strict, the incumbent with monopoly areas is
the first to be affected. The incumbent will reduce its strategic coverage in response to
the price cap. In addition to the incumbent’s reaction, the entrant will also shrink their
strategic coverage if the price cap is very strict. Additionally, when the incumbent is
regulated under the coverage constraint with uniform pricing, an increase in the
incumbent’s coverage encourages the entrant to expand its coverage according to
strategic complement in coverage. However, an increase in the incumbent’s coverage
is larger than that of the entrant. Consequently, the incumbent with its extended
monopoly areas can raise its uniform price and soften the price competition in
duopoly areas. The entrant can increase profit, while the incumbent’s total profit
decreases due to the coverage obligation. Even though the coverage constraint with
uniform pricing causes an increase in price, it brings telecommunications service to
greenfield areas. Therefore, consumer welfare varies with different areas. If expanding
coverage does not involve a too substantial increase in fixed cost, it seems to be
worthwhile to impose the coverage constraint under uniform pricing across multiple

areas.
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Godinho de Matos and Ferreira (2011) studied the competition among facility-
based providers and virtual providers in the NGN deployment. They pointed out that a
high access price reduces the number of virtual providers and forces the entrants to
choose to invest in their own facilities instead of leasing access networks. On the
other hand, a low access price encourages virtual providers, but it undermines the
facility-based providers by reducing incentive to invest and lowering their profits. As
suggested by some of the aforementioned studies, access prices should not be too high
because they bring about a reduction in social welfare. It is also claimed that
deregulated access price (high access price) in a high potential market (a densely
populated or low-cost area) makes virtual operators reluctant to enter the market.
Accordingly, it may eventually lead to a monopoly in an adjacent market, which has

less potential (a sparsely populated or high-cost area).

Bourreau, Cambini and Dogan (2012) captured the competition where firms
decide to switch to newer technology while the older technology network still exists.
In this model, the incumbent already built the old generation network (OGN) with
full coverage in all areas. The study focuses on the new generation network (NGN)
roll-out. If the entrant chooses to serve OGN in a particular area, it seeks OGN access
from the incumbent on payment of access price. Like the incumbent, if the entrant
decides to deploy NGN in a specific area, the entrant has to invest on its own NGN
infrastructure. Similar to Bourreau, Cambini and Hoernig (2015), they concluded that
the entrant has an incentive to expand its own NGN coverage if access charge on

OGN infrastructure increases.

Bourreau, Cambini and Hoernig (2015) extended their model to different
geographic areas. In their model, two facility-based incumbents decide upon their
investment coverage, whereas one service-based entrant enters the market by seeking
access network. There exist two different types of competitive areas; (1) single-
infrastructure areas with only one incumbent rolling out a network, and (2) duplicate-
infrastructure areas with both incumbents racing for infrastructure investment. Under
the assumption of increasing marginal investment cost in remote areas, firms have a
tendency to duplicate network and yield a wider range of service variety in the cheap-

investment areas, but they leave the costly-investment areas with either one network
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provider or no network roll-out at all. In the wholesale market, firms can set different
access prices according to different competition situations in the areas. It is found that
coverage in both area types increases with access prices. Like Bourreau, Cambini and
Dogan (2012) and Bourreau, Cambini and Hoernig (2013), even though high access
price gives firms an incentive to duplicate network and to expand its coverage, it may
cause an increase in retail price, dampen competition and finally reduce per-area
social welfare. Thus, the regulators should consider optimal access price in
compliance with a trade-off between dynamic efficiency (benefit from coverage

extension) and static efficiency (service variety and competition enhancement).

They also mentioned that the access price should not be so high that the
incumbent corners the market. In addition, high access price may lead to unnecessary
duplication of facilities. Further, they suggested that uniform access price among
these two types of areas is not the optimal solution. To maximise social welfare,
access price in single-infrastructure areas should be lower than that in duplicate-
infrastructure areas. Therefore, regulatory intervention is still necessary. However, the
regulator can impose these discriminatory access prices only under full commitment.
The problem of commitment is one of the regulator’s concerns. The regulator may use
duplication-based remedies, i.e. only access price in single-infrastructure areas is
regulated, but that in duplicate-infrastructure areas is monitored in compliance with
the dispute resolution access price. Nevertheless, this partial deregulation policy is
claimed to be another possible solution only under the restricted circumstances such
as the situation where services are sufficiently differentiated. It is not a universal

solution in the presence of partial commitment.
Infrastructure sharing by co-investment

Due to high investment cost, facility-based firms probably encounter financial
difficulties in the deployment of advanced technology infrastructure. Co-investment is
one funding approach by which firms agree to share infrastructure and financial risks.
When firms compete in a single area and they can vary their quality enhancement
levels, the investment level under an infrastructure sharing agreement is higher than

that with no cooperation. An infrastructure sharing agreement can stimulate
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investment in quality-enhanced/value-added services (Cambini and Silvestri, 2013;
Nitsche and Wiethaus, 2011). Overall, social welfare increases after an infrastructure
sharing agreement (Cambini and Silvestri, 2013; Foros, Hansen and Sand, 2002;
Nitsche and Wiethaus, 2011). In a setting of multiple areas, it is found that co-
investment enables the deployment in further greenfield areas and expands the total

coverage under these circumstances (Bourreau, Cambini and Hoernig, 2013).

Cambini and Silvestri (2013) investigated the effect of investment sharing in
the broadband market. They assumed two rival firms competing a la Cournot in a
single area. In this model, the incumbent is deciding on rolling out NGN technology.
It has three options of investment; (1) investment without any sharing agreement (the
incumbent collects cost-based access price from the service-based entrant, who seeks
for NGN access), (2) basic investment sharing with the entrant without side payment,
and (3) the joint-venture agreement. At a given level of investment, the number of
subscribers under the basic investment sharing is higher than those under no sharing
agreement and the joint-venture agreement respectively. However, among these
options, the joint-venture agreement is the most effective way to stimulate investment.
In addition to maximising their joint profit, the joint-venture firms will set the above-
cost reciprocal side payment in order to soften competition. Thus, the joint-venture
approach is likely to yield larger profit and a higher level of investment than other
options. On the other hand, similar to the results reported by Bourreau, Cambini and
Hoernig (2015), Cambini and Valletti (2003), Godinho de Matos and Ferreira (2011),
Kotakorpi (2006), Nitsche and Wiethaus (2011) and Vareda (2010), no sharing
agreement with regulated access price creates the lowest incentive to invest because
the incumbent cannot make wholesale profit from cost-based access price. Due to the
tacit-collusion effect, the joint-venture agreement yields lower consumer surplus and
social welfare than the basic sharing agreement. Moreover, less incentive to invest in
the case of no sharing agreement causes consumer surplus and social welfare to be
lower than those under the basic sharing agreement. This outcome still occurs when

another service-based entrant enters the market late.

The previous studies assume that co-investment has no effect on the total

investment cost in a particular area. Bourreau, Cambini and Hoernig (2013) further
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extended this assumption and found the interesting linkage between co-investment
and the coverage expansion in the situation where co-investment is another feasible
approach of investment in multiple areas. In the study, co-investment can reduce the
total investment cost in a particular area if the co-investment reduces financial risk by
raising funds from co-investors instead of from outside loans. In contrast, co-
investment may require additional equipment or transaction to operate services for
multiple network operators. Consequently, co-investment may increase the total
investment cost. It is found that co-investment can increase the total coverage if rival
services are differentiated and cost reduction from co-investment is sufficiently
significant. Additionally, access price is also associated with the coverage in this
environment. When the facility-based incumbent increases access price, the service-
based rivals incur higher opportunity cost of leasing access network. The rivals may
find it more profitable to co-invest with the facility-based incumbent instead. For this
reason, the total coverage can expand. High access price can encourage the incumbent
and the co-investors to extend their network coverage. Retail prices are pushed up and
the competition is less intense from the static viewpoint. As seen in the aforementioned

studies, the regulators must consider this trade-off.

The tension between the static and dynamic perspectives on co-investment is
also confirmed by experimental evidence. In the experimental study by Kramer and
Vogelsang (2014), it is asserted that co-investment generates cost-reduction in the
deployment of network infrastructure and has a tendency to push down retail prices.
Communication about co-investment induces coverage expansion. However, tacit
price collusion, which jeopardises consumer welfare, may occur in the retail market
when firms can negotiate on co-investment at the earlier stage. According to these
opposing effects of co-investment on consumer welfare, it is suggested that regulators
should carefully consider the implementation of co-investment. This experimental
study underlines the concern that co-investment may soften competition, as highlighted
in the related theoretical literature.

In the model of Foros, Hansen and Sand (2002) without the coverage issues,
two facility-based networks agree to share each other’s networks under a roaming

agreement in a la Cournot competition. They choose a reciprocal degree of roaming
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quality to spill over each other under the bilateral agreement. Then, they separately
invest in quality enhancement on their own networks. The quality enhancement gives
additional utility to representative consumers whose utility levels of basic service are
uniformly distributed on a certain interval. These assumptions on the demand side
have also been adopted and developed in the related studies such as Brito, Pereira and
Vareda (2010), Cambini and Silvestri (2012), Cambini and Silvestri (2013), Foros
(2004), Kotakorpi (2006) and Nitsche and Wiethaus (2011). It is supported that the
firms should be allowed to collude in the stage of investment decision because the
collusion leads to the socially optimum level of quality spillover under the roaming
agreement. Conversely, if the collusion is not permitted, firms’ decisions will end

with an exceptionally higher level of quality spillover than the social optimum.

In addition to a specific telecommunications market, the advent of digital
convergence facilitates firms entering multiple telecommunications sectors by
offering various types of telecommunications services. However, this multi-service
firm requires an enormous amount of investment. A big company with adequate
financial support may take advantage of its dominant position by means of offering
service bundles. Meanwhile, a small firm that provides only one single service is
likely to be threatened in this situation. Asymmetry in scope of products/services
plays such a key role in the markets, especially when digital convergence is growing
in accordance with consumers’ daily life. The existing literature on product bundling

is discussed in the next section.
1.2.3 Bundling

Recent literature points out that a multi-product firm may put its single-
product rivals at a disadvantage through a bundling strategy. However, the market

outcomes vary according to different competitive environments.
Bundling in a monopoly framework
When a monopolist invests in several product markets, it can implement

bundling as an effective tool of price discrimination. Consumers may have different
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valuations of goods. For example, a consumer’s reservation price of the first good is
high but that of the second good is low. In contrast, another consumer may have a low
valuation of the first good but a high valuation of the second good. This is evidence of
a negative correlation of valuations. In this case, the monopolist may offer product
bundles in order to increase profit (Adams and Yellen, 1976). The consumers’
valuations of the whole bundle become subtly different. Bundling can encourage
consumers to be more homogeneous. This strategy acts as price discrimination
because the monopolist can extract consumers’ rent through the sorting effect of
bundling. Conversely, consumer welfare decreases due to distortion of the allocation

of goods after bundling.
Bundling in a symmetric duopoly framework

The effect of bundling in a duopoly framework differs from that in the
monopoly setting. Reisinger (2006) set up a model of two firms that compete in two
duopolistic markets based on the Salop model of circular spatial competition. Each
consumer is assumed to buy only one unit of product from each market. The key
variable is consumers’ valuations of the two products. Under the negative correlation
of valuations, the firms find that bundling decreases profit. However, in the absence
of collusion, both firms still choose to offer bundles despite a reduction in profit. This
outcome is similar to a prisoner’s dilemma. In this environment, some consumers
prefer the first product from one firm but prefer the second product from the other
firm. Therefore, bundling can persuade these consumers to be more homogeneous,
and the competition becomes more intense. The business-stealing effect outweighs the
sorting effect, so the firms’ profits are lower than those in the case of no bundling.
Despite a bundle discount, the prices of individual products increase after bundling.
On the other hand, under the positive correlation of valuations, firms can increase
profit by bundling. In this case, each consumer prefers to buy a pair of products from
the same firm. Each firm has monopoly power over its customer base. As a result, the
firms can set higher prices than those under the negative correlation. Bundling brings

about the sorting effect which dominates the business-stealing effect. Thus, the firms
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can increase their profits because they can extract consumers’ rent by employing the

bundling strategy.

Following Reisinger (2006), Granier and Podesta (2010) extended their model
to capture an issue of mergers and bundling. Unlike Reisinger (2006), they allowed
firms to decide whether or not to merge and which firm to be merged. They found that
in the circular model, each firm finally choose to merge with a homogeneous firm at
the same location if the correlation of reservation prices is positive. On the other hand,
each firm merges with a heterogeneous firm at the opposite location if the correlation
is negative. In other words, the decision about merging depends on the correlation of
reservation prices. After the merger, the firms can offer bundles and increase profits
without a prisoner’s dilemma because they can choose which type of firms to merge
with. In this situation, the sorting effect dominates the business-stealing effect
(competition effect). The merger occurs when the merging firms are allowed to offer

bundles. If they cannot employ the bundling strategy, there is no incentive to merge.

Rennhoff and Serfes (2009) also set up their model based on the Salop model.
They focused on the upstream-downstream competition in the cable TV industry.
Upstream firms are content providers and downstream firms are system operators.
Consumer preference for content variety is set as a parameter. This parameter acts as
incremental utility from bundle consumption, which affects every consumer in the
same way. It is concluded that all downstream firms will offer mixed bundles (pure
bundles) if consumers have moderately (extremely) strong preference for content
variety. This is because the bundling strategy can raise profit while a prisoner’s

dilemma does not occur.

In a framework of symmetric firms, merging firms have an incentive to offer a
bundle discount (Granier and Podesta, 2010; Reisinger, 2006; Rennhoff and Serfes,
2009; Thanassoulis, 2011). However, consumer surplus and social welfare may be
threatened by the bundling strategy. After bundling, some consumers are persuaded to
buy bundles containing some products they do not prefer. Moreover, individual prices
are likely to be pushed up despite a substantial discount on bundles (Reisinger, 2006).
It is found that this distributive inefficiency may finally decrease consumer surplus
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(Gans and King, 2006; Granier and Podesta, 2010; Reisinger, 2006; Rennhoff and
Serfes, 2009). For this reason, some studies support forbidding bundling (Granier and
Podesta, 2010; Rennhoff and Serfes, 2009).

Bundling in an asymmetric duopoly framework

Bundling is considered to be an instrument of entry deterrence. Nalebuff
(2004) investigated the competition between an incumbent and an entrant. The
incumbent operates in two product markets, whereas the entrant decides to enter one
of the two markets. Thus, the incumbent still has a monopoly in the other market. If
the incumbent cannot deter entry in the market, it will go into duopolistic competition.
Bundling is a credible strategy for the incumbent. This is because the incumbent earns
higher profit from bundling, regardless of the entry decision of the entrant. In other
words, bundling can transfer market power in the monopolistic market to the
competitive market (the leverage theory). The bundling strategy significantly
diminishes the entrant’s profit. In some situations, it can deter entry. By contrast with
limit-pricing, the bundling strategy becomes more acceptable because it does not

require the incumbent to sacrifice its profit for entry deterrence.

Gans and King (2006) examined product bundling in two duopolistic markets.
Each consumer purchases one unit of each product. Based on the Hotelling model, the
consumers are assumed to be uniformly distributed in a unit square. To increase their
own profits, the allied independent firms in different markets have an incentive to
make an agreement on a bundle discount. By contrast, their rivals, which separately
offer their products, lose profits. However, their rivals will copy the bundling strategy,
and then all firms will finally offer bundle discounts in equilibrium. The firms’ profits
will be pushed down to the same level as the outcome of no bundling. Nevertheless,
social welfare is lower than that in the no-bundling case, because bundling distorts the

allocation of consumers by persuading consumers not to buy their preferred products.

Gans and King (2006) also extended their model to the case of horizontal
integration. An integrated firm aims to maximise their joint profit, while its rivals in

both markets still operate independently. After offering bundles, the integrated firm
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can expand its market share and earn higher profit than its independent rivals. In
response to the integrated firm’s bundling strategy, the independent firms will not
offer bundles by means of alliance because this may intensify the competition and
finally decrease their own profits. Even though the individual prices and bundle
discount in this integration model are lower than those under unilateral bundling by
the allied independent firms in the basic model, social welfare is still threatened by
bundling. The market share of the integrated firm expands, and the allocation of
consumers is more inefficient. If all firms are eligible to merge in this integration
game, they all decide to merge but not to bundle their products. This is because
bundling will trigger more aggressive competition between the two integrated firms
and then all the prices and profits finally decrease. As a result, there is no incentive
for the merging firms to bundle their products. Therefore, social welfare in the case of
the allied independent firms is lower than that in the case of bilateral integration due

to the distributive inefficiency of the bundling outcome.

Thanassoulis (2007) introduced single-product consumers in addition to multi-
product consumers. The number of consumers in each group is fixed. In this model of
two duopolistic markets, the Hotelling model is applied to the uniformly distributed
consumers in the single-product groups in the form of unit lines and in the multi-
product group in the form of a unit square. With firm-specific preferences, the multi-
product consumers enjoy the benefit of economies of scope, i.e. saving shopping cost
from one-stop shopping. Thus, the multi-product consumers have more elastic demand
than the single-product consumers. In equilibrium, both firms offer bundles in order to
reap higher profit. The individual prices are pushed up but the bundle price is set
lower than the sum of the individual prices in the no-bundling case. However,
bundling decreases consumer surplus. The multi-product consumers may benefit from
a bundle discount, but they cannot choose products from different firms. Conversely,
with product-specific preferences, all combinations of products are available to the
multi-product consumers. In this case, a prisoner’s dilemma occurs. The profits of the
two firms decrease after bundling. The individual prices and the bundle price are
lower than those in the no-bundling situation. Consequently, consumer surplus

increases.
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Thanassoulis (2011) further assumed that one market is more intense because
the products in this market are less differentiated than the other market in a merger
game with firm-specific preferences. Under partial convergence, the merging firm can
reap higher profit without offering a bundle discount. The single-product consumers
in the more competitive market are worse off because of an increase in price, while
those in the less competitive market are better off due to a price reduction. Thus, the
multi-product consumers experience an increase in price. The consumer surplus of the
multi-product consumers is still ambiguous. It can either increase or decrease
depending on the competitive natures of the two markets. However, under full
convergence, both merging firms definitely offer bundle discounts to increase profits.
A multi-product consumer can reduce taste cost due to economies of scope from
whichever bundle he chooses. Therefore, the bundles are less differentiated because
taste cost (transportation cost in the Hotelling model) decreases. As a result, the

merging firms have to offer bundle discounts in this stronger market.

It is also found that under full convergence, the two merging firms compete
for the multi-product consumers and the single-product consumers separately. The
individual prices are equal to the no-convergence benchmark. Compared to the no-
convergence situation, the single-product consumers gain nothing from the full
convergence, whereas the multi-product consumers are better off. Thus, aggregate
consumer surplus increases after the full convergence. Nevertheless, a merging firm’s
profit in the partial convergence is higher than that in the full convergence.
Consequently, in the two-stage merger game, partial convergence is the pure strategy
outcome. A pair of firms that merge first will take a better position. If its rivals have
already merged, the firms will remain independent in order to mitigate the negative
effect on their own profits. This result contrasts with the merger-wave outcome shown
by Granier and Podesta (2010) and Reisinger (2006), and it deviates from the no-
bundling outcome under bilateral integration supported by Gans and King (2006).

In a framework of firm asymmetry, a firm which can unilaterally offer a
bundle is more likely to achieve a dominant position. A firm can boost its profit by
employing a bundling strategy. If its rivals cannot implement the bundling strategy in

response, they may lose huge profit or become on the verge of exit (Gans and King,
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2006; Nalebuff, 2004; Thanassoulis, 2011). To survive in the market, independent
firms may decide to lower their individual prices (Gans and King, 2006; Thanassoulis,
2011). However, there is some concern over distributive inefficiency as an adverse
effect of bundling, which undermines consumer welfare (Gans and King, 2006;
Thanassoulis, 2007; Thanassoulis, 2011).

Bundling in various types of product markets

A bundling strategy is a profit-enhancing tool for multi-product firms not only
in the markets of independent and complementary products, but also in the markets of
substitute products. After a consumer buys a substitute good, his incremental utility
from consuming another substitute good inevitably decreases. However, firms may

offer a discount on the second product (as a bundle) to extract consumers’ rent.

Venkatesh and Kamakura (2003) examined bundling in a monopoly setting of
independent, complementary and substitutable products. The study incorporates a
consumer’s degree of contingency, which increases (decreases) the sum of stand-alone
reservation prices for the two products when they are complements (substitutes). The
degree of contingency is constant across all consumers. Under the assumption of
relatively low cost, the monopolist chooses the mixed-bundling strategy when the
products are independent, weak substitutes or weak complements. Conversely, if the
products are strong substitutes, it chooses not to bundle its products.

In addition, Armstrong (2011) also showed that the competitive firms with
substitute goods cooperate in offering a bundle discount rather than compete in price
in order to extract consumer surplus. Bundling can act as an instrument of collusion.
The individual price under this cooperation is higher than that under the no-

cooperation benchmark, while bundle price is lower due to bundle discount.
Bundling and R&D

Choi (2004) introduced R&D in cost reduction in a bundling framework based
on the Hotelling model. Firms compete in price and they also invest in cost reduction.

It is found that a multi-product firm with the pure-bundling strategy invest more
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heavily in R&D in cost reduction, whereas a single-product firm reduces investment
in cost reduction. In this framework, social welfare decreases. Heeb (2003) also
supported that the integrated firm, which can offer bundles, increases the level of

innovation but the single-product firm reduces investment in innovation.
Bundling and vertical differentiation

The aforementioned literature focuses on horizontal differentiation, where
consumers have different taste costs associated with the difference between their most
preferred products and the products available in the market. In the setting of vertical
differentiation, consumers with varying degrees of quality concern have different
willingness to pay. Basically, in a vertical differentiation model, firms try to maximise
their differentiation in order to avoid intense competition. The firms will choose
different levels of product quality. Generally speaking, the firms target different
groups of consumers. The high-quality firm attracts consumers who prefer high
quality. Meanwhile, the low-quality firm tempts consumers whose valuation of low
quality is subtly different from that of high quality (Tirole, 1988; Wauthy, 1996).

Kridmer (2009) incorporated quality decision in a model of the competition
between a multi-product firm and a single-product firm. The multi-product firm has
market power in one monopolistic market. It has just entered in a duopolistic market
in which the single-product firm is an incumbent. According to vertical differentiation,
firms differentiate themselves by choosing different levels of quality to serve different
groups of consumers. In the absence of bundling, as an incumbent, the single-product
firm chooses to first offer high quality because the high-quality firm can reap higher
profit than the low-quality firm. However, the multi-product firm can transfer its
market power from the monopolistic market to the duopolistic market by means of
pure bundling. After bundling, the multi-product firm chooses to offer the high-
quality product. Instead, the single-product rival is forced to offer the low-quality
product in compliance with product differentiation, and as a consequence it earns

lower profit than the multi-product firm.
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Avenali, D’ Annunzio and Reverberi (2013) investigated the effects of bundling
by a multi-product firm, which offers a monopoly component to be consumed together
with another component served in the duopolistic market. Similar to Kramer (2009), it
is argued that bundling is the multi-product firm’s dominant strategy that reduces the
single-product firm’s incentive to invest in quality. The bundling strategy forces the
single-product firm to reconsider about the efficiency of its quality investment in
terms of sunk cost of investment and consumers’ incremental willingness to pay for
quality. As a result, bundling can prevent undesirable investment by the single-product
firm, and it has a tendency to improve social welfare in spite of a relatively small
decrease in consumer surplus and the single-product firm’s profit under certain
circumstances. Therefore, a price test to monitor a distortion of monopoly component
price after bundling should be implemented instead of a ban on bundling.

1.3 Structure of the thesis

In the business world, dominant firms have a tendency to take full advantage
of their dominance through their predatory behaviour, whereas cooperation among
competing firms may lead to negotiation and collusion. As mentioned in the previous
sections, the majority of related literature captures the competition in the setting of
symmetric firms. Despite firm asymmetry’s crucial influence on equilibrium market
outcomes, a few existing studies emphasise this issue. Therefore, this thesis sheds

light on asymmetry among firms in different vulnerable situations.

Chapter 2, Access Charge Regulations with Asymmetric Mobile Network
Operators, suggests the optimal access charge when facility-based firms with
asymmetry in cost and reputation agree to interconnect each other in order to
complete off-net calls. In the unregulated market, the low-cost firm is more likely to
be dominant with higher access charge when its reputation is not too worse than the
high-cost firm. The symmetric cost-based access charge regulation can eliminate the
firms’ abilities to forcibly increase their rivals’ retail prices through setting high
access mark-ups. Meanwhile, the asymmetric cost-based access charge regulation

facilitates the entrant’s dominance. Thus, the asymmetric regulation may be more
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appropriate than the symmetric regulation in order to encourage the underdog entrant
to enter the market and promote competition and social welfare on condition that the
cost differential and the discrepancy in reputation are not too substantial and the two
networks are differentiated enough.

Chapter 3, Infrastructure Sharing in Telecommunications, investigates the
effects of various approaches of infrastructure sharing, especially co-investment, on
incentives to upgrade quality and consumer welfare. Under stand-alone investment,
the low-cost firm is dominant with a higher level of quality upgrade than the high-cost
firm, due to its cost saving. Co-investment can be employed to enhance both firms’
profits, even though the high-cost firm with lower bargaining power agrees to invest
in a larger proportion of total investment and has lower profit than the low-cost firm.
Compared to stand-alone investment, co-investment undermines incentive for quality
upgrade, decreases industry output and threatens consumer welfare when
infrastructure sharing does not yield a sufficient amount of cost saving. From the
high-cost firm’s static perspective, access to the low-cost incumbent’s infrastructure
under the fully-distributed-cost regulation is the most profitable mode of entry
because of an equal burden of total investment cost. The low-cost firm may also prefer
the fully-distributed-cost regulation to co-investment if the difference in cost
structures of both firms is negligible. Compared to co-investment, this approach can
stimulate quality upgrade but lower output levels and consumer surplus. The regulator
may support co-investment, especially when infrastructure sharing can yield the
sufficiently great benefit of cost reduction. Otherwise, the welfare-dampening collusion

in quality upgrade is likely to occur.

From a broader perspective, Chapter 4, Bundling and Incentives for Quality
Enhancement, examines the competition in multiple product markets where one
multi-product firm can employ different types of bundling, which can adversely affect
its single-product rivals. In contrast to the symmetric market outcomes in the no-
bundling case, both pure bundling and mixed bundling, which increase the multi-
product firm’s profit but decrease those of the single-product firms in most situations,
lead to the asymmetric market outcomes. Investment in quality enhancement made by

the multi-product firm can be stimulated by pure bundling when the associated costs
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are comparatively low and the additional utility from quality enhancement is
relatively high, and similarly by mixed bundling in the more competitive market.
Meanwhile, the single-product firms react by decreasing their quality enhancement
levels to focus mainly on saving costs instead. This outcome is likely to be found in
the less competitive market with mixed bundling when the two markets are not too
different in competition intensity. Therefore, both bundling strategies may diminish
consumer welfare when the two markets are significantly different in competition
intensity because of the adverse impacts of the market distortions after tying the two
markets. However, in some situations, the regulators should take into account the

positive impacts of bundling on boosting quality enhancement.

Finally, Chapter 5 concludes the significant results and policy implications in
the presence of various types of firm asymmetry. Additionally, there is a discussion of

limitations of this thesis and suggestions for further research.
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Chapter 2

Access Charge Regulations with
Asymmetric Mobile Network

Operators

2.1 Introduction

In the mobile market, incumbents and entrants may have different cost
structures due to differences in experience, scope of services, frequency spectrum
and/or technology deployment. An entrant is more likely to be dominated due to late
entry. This is a major aspect of firm asymmetry, which becomes a debatable issue
about antitrust and predatory practices by dominant firms. Accordingly, there has
been intense debate about whether asymmetric networks should be treated in different
way (NBTC, 2012) in order to remove the inequalities caused by exogenous factors
(Goral and Karacaer, 2011). The new firm may incur higher cost, and it may require
support from the regulator in order to achieve market penetration and become
financially viable. To encourage entry and promote competition especially in the short

run, the regulators may impose the asymmetric regulation on access charge.® This

® The asymmetric regulation on access charge has been considered to be acceptable in an
immature market in many countries such as some European countries, South Korea, Taiwan and
Thailand. Under this regulation, an incumbent with significant market power is regulated to set
cost-based access charge while an entrant with small market share should set reasonable
access charge. This regulation may promote entry of small networks and subsequently

intensify competition.
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problem is less complicated when firm asymmetry becomes subtle after a transition
period of asymmetry. Therefore, the US and most of the European countries have
implemented a glide path toward the symmetric regulation on access charge (Goral
and Karacaer, 2011; Lee, Lee and Jung, 2010; Ofcom, 2011). The asymmetric
regulation has been abandoned and the symmetric regulation is imposed instead, for
example, in Sweden, Denmark, Poland, and Portugal (Lee, Lee, and Jung, 2010).
However, in some countries, especially in developing countries, there is substantial
evidence about network asymmetry, which still plays a significant role in market

concentration.®

Most of the existing literature, however, focuses only on symmetric networks
or asymmetric networks from a conventional viewpoint on firm asymmetry. The
present study compares the effects of the asymmetric regulation on social welfare in
the competition between two mobile network operators with asymmetry in both cost
structure and reputation. In addition to the incumbent’s superior reputation as
assumed by Carter and Wright (2003), from consumers’ perspective, the incumbent
may be as good as or inferior to the entrant in terms of reputation, especially when
technology has changed rapidly and legacy networks give way to newcomers. In this
model, both firms offer their services under network-based price discrimination and
two-part tariffs. Social welfare, consumer surplus and producer surplus are closely
examined under three different regulatory policies; (1) no regulation, (2) the symmetric

cost-based access charge regulation, and (3) the asymmetric cost-based access charge

® For example, in Thailand, a mobile entrant sent Thai telecommunications regulator (NBTC)
a petition about the situation where the entrant has been charged unfair interconnection charge
from an incumbent. The entrant provided some evidence supporting that the incumbent with
larger network had lower marginal cost than the entrant. It is evident that when the incumbent
provides a wider variety of services than the entrant, its joint and common cost allocated to
the voice service sector is lower than that of the entrant, which has smaller market share
(NBTC, 2012).

In South Korea, there has been the imposition of asymmetric regulations such as a retail
price cap for the incumbent, asymmetric prices of access services and an implementation

schedule for number portability in favour of entrants (Lee, Lee and Jung, 2010).
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regulation. The asymmetry in cost leads to the asymmetric market outcomes. In
contrast to on-net prices, off-net prices diverge from marginal cost pricing because
firms charge access mark-ups. The regulations on access charge are still necessary to
eliminate the distortion in order to promote consumer surplus in this firm-asymmetry
setting. However, the regulator should consider these regulations very carefully when
asymmetric networks are significantly different in efficiency. It may be reasonable to
implement the asymmetric regulation instead of the symmetric regulation when the
cost differential, the discrepancy in reputation and/or the degree of substitutability
between the networks are not too large. Otherwise, the asymmetric regulation
threatens consumer welfare and the symmetric regulation is more appropriate in the

circumstances.
Related literature

The telecommunications regulators in many countries monitor networks’
behaviours and impose some regulations on access charge in order to discourage
the large network’s predatory behaviour regarding access charge and enhance
competition in the mobile market.” A majority of the related literature supported
access charge regulations on two-way access between facility-based firms. In the
symmetric setting, mobile networks may abuse reciprocal access charge to soften the
competition as an instrument of tacit collusion (Armstrong, 1998; Laffont, Rey and
Tirole, 1998a). When they agree on an access mark-up, the retail prices are kept high
to cover the access charge and they will not trigger price war. Regarding a linear
pricing scheme, it is shown that retail prices are high because of a mark-up on access
charge (Laffont, Rey and Tirole, 1998a). Similarly, under two-part tariffs, networks

have profits from fixed fees and set retail prices at weighted-average associated cost

" For example, the UK telecommunications regulator (Ofcom) has applied Long Run Incremental
Cost (LRIC) to policy on access charge. LRIC is one of the approaches on the basis of cost-
based access charge. Ofcom (2011) has announced proposed mobile termination rates (MTRS)
for the four large mobile networks, including EE, H3G, Telefonica and VVodafone, and it has
allowed other designated mobile communications providers to set access charges on the basis of

being fair and reasonable.
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of on-net marginal cost and off-net perceived cost (Carter and Wright, 2003; Laffont,
Rey and Tirole, 1998a; Lopez and Rey, 2009). In addition, off-net price is still higher
than actual cost even under network-based price discrimination with a linear pricing
scheme because networks still charge access mark-ups (Laffont, Rey and Tirole,
1998b). These results indicate that double marginalisation occurs and social welfare
may be threatened. However, regardless of call externality, networks reap profits from
fixed fees and set on-net and off-net prices equal to their perceived costs under two-
part tariffs and network-based price discrimination. Under certain circumstances,
networks might set access charge at cost to maximise their profit (Laffont, Rey and
Tirole, 1998b). Moreover, Calzada and Valletti (2008) and Gans and King (2001)
argued that networks might agree to set below-cost access charge to soften competition
and then social welfare might decrease.

Most relevant literature also mentions that networks may choose above-cost
access charge to soften the competition or undermine their rivals when the regulator
does not intervene. This behaviour is a threat to social welfare. Even though some
studies support below-cost access charge or Bill and Keep (Cambini and Valletti,
2003) to enhance social welfare, most regulators still choose cost-based access charge
regulations. However, in the presence of firm asymmetry, the asymmetric regulation
on access charge, especially in the immature market, is very important for the
regulators to consider. This is because there is some concern that a large network with
dominant market power has a tendency to put its rivals at a disadvantage or foreclose
the market by setting high access charge and widening the gap between on-net and
off-net prices (Hoernig, 2007; Lopez and Rey, 2009) in line with the findings revealed
in this study.

Carter and Wright (2003) introduced competition between asymmetric
networks in terms of brand loyalty, but the networks still have the same cost structure
under uniform pricing. Consumers receive extra benefit only from the incumbent
because of brand loyalty. As a result, the incumbent and the entrant are asymmetric
from consumers’ perspective. They pointed out that the larger network prefers cost-
based reciprocal access charge. Similar to Carter and Wright (2003), Peitz (2005)

investigated asymmetric networks under network-based price discrimination with
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two-part tariffs. He concluded that the asymmetric regulation on access charge is
more appropriate than the symmetric regulation because it boosts consumer surplus
and the entrant’s profit. Stihmeier (2013) also supported the standard result that the
asymmetric regulation in favour of the entrant can promote the entrant’s profit in the
setting of cost asymmetry. However, it is found that there is no effect on equilibrium
market shares as a result of network-based discriminatory pricing. Baranes and VVuong
(2012) pointed out that the asymmetric regulation can intensify market competition
and may enhance social welfare in some situations. However, Lee, Lee and Jung
(2010) argued that a decrease in the asymmetry of access charges can enhance
consumer surplus when the entrant’s cost is low and the degree of substitutability

between services is high.

In the recent empirical literature, retail prices significantly decline after access
charges decrease under the cost-based access charge regulation. Nevertheless, there
is no evidence to support the adverse effect of the regulation on mobile network
operators’ profits (Genakos and Valletti, 2015). Additionally, Dewenter and Haucap
(2005) employed data from some European mobile network operators to confirm that
the small networks have incentive to increase their access charges under the
asymmetric regulation. This empirical evidence supports the result of the present
study along with the relevant theoretical literature. However, the conclusions about
the asymmetric regulation may vary according to different concerns and perspectives.

In the next section, the model of asymmetric networks under two-part tariffs
and network-based discriminatory pricing is illustrated. The different cost structures
and the parameter of asymmetry in reputation are introduced. In Section 2.3, the
market outcomes and the effects of three regulatory policies on the equilibrium
outcomes are discussed. Policy implications are also mentioned. Finally, Section 2.4

concludes the findings and suggestions for the regulators.
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2.2 Model

There are only two mobile network operators providing one type of service ®
with the same quality in the market. Network 1 has lower cost than network 2. From a
static point of view, both networks have already invested in network facilities and
entered the price competition. A consumer can subscribe to only one network.
According to Mobile Number Portability, it is assumed that subscribers can change
their mobile networks without switching cost. Consequently, there is no locked-in
consumer. The networks compete for subscribers who are uniformly differentiated
based on the standard Hotelling model. Consumers are located on the interval [0,1].
Both networks are available with full coverage, and they situated at both ends of
the Hotelling line. Network 1 is at point 0 and network 2 is at point 1. Consumers
have different preferences. A consumer’s preference for a particular network can be
interpreted as the distance between the consumer’s location and the network’s
location. The closer the consumer and the network are located, the stronger preference
for the network the consumer has. This is because the consumer has disutility known
as transportation cost in the Hotelling model. The disutility corresponds to the
discrepancy between the consumer’s ideal network and the network which is available
for him to join. In the model of two mobile networks, t represents disutility per unit of
distance on the interval [0,1]. The disutility is assumed to be a linear function of

distance.

According to the assumption of full coverage, following Laffont, Rey and
Tirole (1998a), fixed surplus of connecting to network i (u;) presumably outweighs
the disutility from not connecting to an ideal network.® As a result, no one rejects
joining a network. u; is constant and derived from network i ’s reputation related to

its popularity, reliability of service or brand image. The network with a better

® This study can be applied to voice service, texts and other types of service.
° Laffont, Rey and Tirole (1998a) assumed that in the setting of symmetric networks, both
networks offer consumers equal fixed surplus from being connected to either network.

However, in this study, asymmetric networks provide different levels of fixed surplus.
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reputation gives a higher level of fixed surplus to consumers. g is the parameter of
asymmetry in reputation, which represents the difference between the fixed surplus
levels of the two networks. S = u; — u,. In addition to the model of Carter and
Wright (2003), which only assumed S > 0, this study adopts § which can be
positive, negative or zero. f > 0 if network 1 (the low-cost firm) provides larger
fixed surplus than network 2 (the high-cost firm), e.g. network 1 may be well-known or
more reliable than network 2, whereas f < 0 if network 1 offers smaller fixed surplus
than network 2 (network 2 earns a better reputation than network 1). Lastly, § = 0 if
the two networks offer the same amount of fixed surplus to consumers. Therefore,

consumers perceive that the two networks are symmetric in reputation.*

In the absence of switching cost, consumers can alternate between the two
networks unconditionally. A consumer will choose the network which offers him
higher net utility. A subscriber choosing network i will obtain net utility (w;). Both
networks compete in two-part tariffs. Network i offers on-net price (p;), off-net price
(p;) and fixed fee (F;). After an agreement on interconnection, each network completes
its incoming off-net calls and accordingly collects access charge from its rival.

Network i sets access charge (a;) unilaterally.

Due to the balanced calling pattern assumption, every consumer has the same
probability to be called. Thus, the number of receivers who are in the same network as
a caller and that in the opposite network are indicated by market shares. a; is the
market share of network 1; accordingly, a, = 1 — a; is the market share of network 2.
Utility of receiving calls is dropped out to simplify the model. A consumer’s net

utility (w;) is detailed below.

w;(p;, Pi, F;) = net surplus of making on-net calls + net surplus of making off-net calls

— fixed fee

1% In this study, the networks’ reputations are exogenous and assumed to be constant. However,
from a dynamic perspective, reputation may depend on endogenous variables such as market
shares, service quality and networks’ strategies. For this reason, one may enable networks to

vary their reputation levels in a model.
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w1 (p1, D1, F1) = ayv(py) + axv(py) — F; (2.1)
Wy (P2, P2, F2) = apv(py) + ayv(py) — F; (2.2)

v(p) is a consumer’s net surplus from making a call as given below.

2

1
v(p) = max (U(@) ~pg} = 5—p+5 23)
q

p is usage price. p € { p;, vy, D1, P2}. Consumers have the identical demand function.
However, each subscriber may generate different traffic flow of calls because he
experiences different levels of retail prices according to the network he subscribes to.
In this model, without the assumption of call externality, a caller has to pay for

making a call (Calling Party Pays) and a receiver pays no charge to answer that call.
A consumer’s gross surplus of making a call is given by U(q) = q — %qz, where q is
call duration in terms of minutes, corresponding to associated usage price (p);

q € { q1, 92, q\li E1\2}'11

In equilibrium, a marginal consumer who is indifferent to both networks obtains
the same utility from joining network 1 as network 2. This utility consists of the net
utility (w;), fixed surplus from reputation (y;) and disutility from not connecting to
his ideal network. The marginal consumer is situated at point a; on the interval [0,1].

The position of the marginal consumer indicates the market share of network 1. Thus,

' For simplicity, every subscriber is assumed to have an identical utility function of making a
call. As a result, demand function of making a call is shown below.

U'l@)=p

l1-q=p
Consequently, the demand function is linear; q(p) = 1 — p where p € { p1,p2, P1, P2} and
q € { 41,92, 41, G} respectively.

However, some studies assumed other forms of utility function and demand function.

For example, Hoernig (2007) and Laffont, Rey and Tirole (1998a, 1998b) employed a constant

elasticity demand function.
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from the marginal consumer’s viewpoint, the utility from network 1 is equal to that

from network 2 as shown below.
wy+ g —tay = wyt pp —t(1—ay)
W1+B_taf1:W2_t(1_a1)

is the degree of substitutability between the two networks.*

SE

g =
By substituting t = % in the above equation and rearranging it, market share

of network 1 is

1
a1 (p1, 01,02, P2, F1, F2) = 5 + of + o[wy(p1, P1, F1) — wa (02, D2, F>)] (2.4)

The two networks have different cost structures. This asymmetry may result
from sequential entry, asymmetric allocation in frequency spectrum resources,
differences in frequency bands and/or discrepancies in technology deployment, which
directly affect marginal costs. It is assumed that the networks incur different marginal
costs of originating and terminating a call, but they have the same cost of connecting a
subscriber. f; is the cost from connecting a subscriber such as network connection
cost, billing cost and administration cost to deal with a customer as lump sum of firm
i: i € {1,2}. For simplicity, assume f; = f,.*> To deliver a call, the relevant networks
provide call origination, call transit and call termination. Call transit occurs when
signals or data is transferred from the originating facilities to the terminating facilities.

Firm i has marginal cost of originating a call (cy;) and marginal cost of terminating a

2 Following Laffont, Rey and Tirole (1998a), the degree of substitutability (o) is positive. If
o approaches zero, the two networks are extremely differentiated. Conversely, if ¢ is high,
the two networks are closely substitutable.

3 The purpose of this study is to investigate on-net prices and off-net prices offered by the
two networks which have different cost structures. This model assumes that the networks have
asymmetric origination and termination costs because these costs play an important role in
price setting. The cost of connecting a subscriber may vary among competing firms according
to administration and management, which are not the main focus of this study. For simplicity,

both networks’ fixed costs of connecting a subscriber (f;) are assumed to be identical.
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call (¢;;) in terms of per-minute expense; i € {1,2}. Cost of call transit is assumed to
be zero for simplicity. Therefore, total marginal cost for an on-net call is cy; + c;;. It is
assumed that marginal origination cost and marginal termination cost of one network
are identical because they involve the same facilities to originate an outgoing call and

14
l.

terminate an incoming call.”™ Moreover, fixed cost such as joint cost and common

cost on facilities is assumed to be zero.

In this study, it is assumed that the two networks do not enter the market at the
same time. The new firm enters the market when the established firm has already
operated in the market. The established firm may have experience or economies of
scale in the monopolistic period, and accordingly its marginal cost is lower than that
of the new firm. In contrast, it is also possible that the established firm has higher
cost. The new firm may invest in cost-reduction technology or have the advantages of
frequency spectrum allocation, while the established firm still sticks to the sunk cost
of its old facilities and cannot upgrade its facilities immediately. As a result, the new
firm may incur lower cost than the established firm.™ In this model, origination and
termination costs of network 1 are assumed to be lower than network 2. Origination

cost (cy;) and termination cost (c;;) can be compared in the following way.
Coi = C¢i = Cj i € {1,2}
(o8} < Cy and f1 = fz

In order to assess the asymmetric access charge regulation which tends to be
implemented to stimulate market entry in the situation where the new firm has the
disadvantage of its higher cost, this study focuses mainly on the case that the

established firm incurs lower cost.

“ For instance, some Thai mobile network operators revealed that their origination cost and
termination cost are equal because the technical process of call origination and termination

normally deploys the same network facilities (NBTC, 2012).

> An example of the different technologies is 3G technology which is more advanced and

expected to yield lower marginal cost than 2G technology (Ofcom, 2011).
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The structure of two-part tariffs (post-paid scheme)

Both networks impose two-part tariffs (post-paid pricing scheme) under
network-based price discrimination. A subscriber first spends on fixed fee (F;) to
connect to a network. Then, he pays usage fees (p;, #;) When he makes calls.'® Profit
of network i is comprised of the revenue from providing service to its subscribers and
the access revenue. The revenue collected from its subscribers consists of profit from
providing on-net calls, originating off-net calls, and charging fixed fee. In addition,
network i collects per-minute access charge (a;) from network j when it terminates
incoming calls originated by network j; i,j € {1,2} and i # j. Profit function can be

written as

m; = ala(piqi — 269 + (PG — (e + a;)4;) + F — f]
+ij [ai(ai - Cl)q\]] (25)

Timing of the game

To find the equilibrium outcome, a two-stage game is set up and solved by
backward induction.'’

Stage 1 The two networks agree on interconnection and set their own access
charges simultaneously.

Stage 2 The networks compete in price competition by setting fixed fees, on-net
prices and off-net prices simultaneously.

®In several countries such as the UK, networks recently offer a wide variety of mobile
contracts instead of typical two-part tariffs (monthly subscription and usage fees). However,
the model follows the conventional models of two-part tariffs. In this setting, the cost of
connecting a customer (f;) may include cost of free allowance of service, which is offered in
a recent pricing scheme. If a consumer uses up his free allowance, then he has to pay usage
fees for additional calls.

" In this model, the entrant has already entered in the market and hence a dynamic viewpoint

of entry and exit is beyond this framework.
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Scenarios

The market outcomes are investigated in the three following scenarios. The first
two scenarios are observed as benchmarks. The market outcome, aggregate consumer
surplus and aggregate producer surplus in the last scenario will be compared with the

two benchmarks.
I. Benchmark 1: the unregulated market

The first benchmark concerns the equilibrium market outcome without any

regulatory intervention. Both networks can set their own access charges unilaterally.

I1. Benchmark 2: the symmetric cost-based access charge

regulation

The second benchmark introduces the symmetric regulation on access charge.
Each network is regulated to set access charge at termination cost. Profit function of

network i is

m = a;lai(piqi — 2¢:9) + a;(B:G; — (¢i + ¢;)@) + Fi — fi] (2.6)
where i,j € {1,2}and i # j.
I11. The asymmetric cost-based access charge regulation

To assess the asymmetric regulation, which is usually adopted for the purpose
of facilitating entry of a vulnerable entrant, this scenario focuses only on the situation
where the new firm has higher cost and smaller market share. The established firm
(network 1 with low cost) is regulated to impose cost-based access charge, a; = c;.
On the other hand, the new firm (network 2 with high cost) is allowed to set a,. Thus,

profit functions of network 1 and network 2 are as follows.
Ty = ai[a;(p1q1 — 2¢1q1) + @z (9141 — (c1 + az)§q) + F1 — f1] (2.7)

Ty = aza,(p2qz — 2¢2,q3) + a1 (PG, — (¢ +¢1)q2) + F, — f]
+a;[ay(a; — ¢3)q,] (2.8)
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Social welfare

Aggregate consumer surplus (CS) is the sum of all consumers’ utility. Each
consumer’s utility consists of the net utility from making calls, the differential of the
two networks’ fixed surplus levels from reputation (if he chooses network 1) and the

disutility from choosing a network which is not his ideal networks.

CS = [al(wl +pB) — falat dal + _azwz —j (1-a)t dal
0 | aq

(2.9)

CS=ay(w; +B)+ (A —apw, — o El,lo'_ %) ]l

a,(w; + B) is the sum of the net utility of the consumers who subscribe to
network 1 (the low-cost firm), including the differential of fixed surplus levels.

(1 — a;)w, is the sum of the net utility of the consumers who subscribe to

network 2 (the high-cost firm).

[0{12+(1—a1)2]

pp ] is the total of all consumers’ disutility from connecting to either

network 1 or network 2 which is not their ideal networks.
Aggregate producer surplus (PS) is the sum of both networks’ profits.

Social welfare is the total of consumer surplus and producer surplus.

2.3 Analysis

The market outcomes of the three scenarios are compared in the following
sections. The equilibrium outcome of the unregulated market and that of the symmetric
cost-based access charge regulation are benchmark 1 and benchmark 2 respectively.
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2.3.1 Benchmark 1: the unregulated market
In this scenario, firms are allowed to set their own access charges unilaterally.

B The behaviour of mobile network operators in the unregulated

market

Firms have three instruments (on-net price (p;), off-net price (p;) and fixed
fee (F;)) to compete for subscribers in the second stage of the game. For simplicity,
fixed fee (F;) is rearranged as a function of market share «;. If a network varies its
usage prices and intends to keep its market share constant, it has to change its fixed
fee in order to balance its net utility. In the second stage of the game, after
differentiating profit function with respect to on-net price, off-net price, and market

share, the profit maximising outcome is as follows.
pi" =2c; and p;" =c;+a;; i,j €{1,2}and i # ;. (2.11)

Proposition 2.1

When asymmetric networks compete under network-based price discrimination
and two-part tariffs, both the high-cost firm and the low-cost firm set usage prices
equal to their perceived costs *® (marginal cost pricing). The high-cost firm offers
higher on-net price than the low-cost firm, i.e. p,* > p;".

Proof See the appendix (Section 2.5.1).

Both equilibrium on-net prices and off-net prices are based on marginal cost
pricing. This outcome is not different from the relevant literature about two-part
tariffs in the setting of identical cost among firms (Cambini and Valletti, 2003; Gans
and King, 2001; Laffont, Rey and Tirole, 1998b; Lopez and Rey, 2009; Peitz, 2005).
When networks charge two-part tariffs, they set usage prices at perceived costs and

18 perceived costs vary according to call termination. The perceived cost of an on-net call is
the sum of actual marginal costs of call origination and call termination in the same network.
The perceived cost of an off-net call is the total of actual marginal origination cost and access

charge imposed by the terminating network.
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cannot make profit from originating calls. Therefore, the profit function depends only
on the revenue from fixed fee and the revenue from terminating incoming off-net calls
(access revenue). In addition, when a firm increases fixed fee, two effects on profit
occur. On one hand, the direct effect of an increase in fixed fee leads to an increase in
profit from subscription. On the other hand, the indirect effect may reduce its market
share because its corresponding net utility drops and the marginal consumer may
switch to the other network instead. When the firm loses its market share, there is a
reduction in the total fixed fee revenue and access revenue may also decrease. As a
result, the profit-maximising fixed fee should balance these two effects in order that

the network’s profit reaches the maximum.

Remark 2.1
In the unregulated market, the critical value of asymmetry parameter (3)

indicating the dominant network is

g = _%[v(cl +a3) —v(2¢,) —v(cy + a}) +v(2¢;)] <O.

The low-cost firm (network 1) holds larger market share than the high-cost firm if
B>B.
Proof See the appendix (Section 2.5.2).

The critical value of asymmetry parameter ([?) is determined by costs of the
two networks. 3 is negative. Even though the low-cost has a worse reputation than the
high-cost firm (but the asymmetry parameter is still greater than the critical level ),
the low-cost firm still serves a majority of consumers. This is because the low-cost
firm is more efficient in cost and offers lower usage prices to attract customers. From
a static point of view, marginal cost is exogenous, so firms cannot adjust their cost
structure in the short run. To take over the dominant position, the high-cost firm has
to build up its reputation to be much better than the low-cost firm until the asymmetry
parameter is less than the critical level. In addition, when the cost differential
decreases, the critical value of asymmetry parameter increases and the gap between
the two networks’ market shares is narrowed. A network’s market share is determined

by the asymmetry parameter and both networks’ cost structures.
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Proposition 2.2

The network with larger market share sets higher fixed fee and earns higher
profit than the network with smaller market share.
Proof See the appendix (Section 2.5.3).

According to marginal cost pricing for usage fees, the networks have profit
only from fixed fee revenue and access revenue. Assuming both firms have the same
per-subscriber connecting cost (f; = f5 ), when the two networks have different sizes
of market shares in the asymmetric equilibrium, the large firm (the firm with larger
market share) will charge higher fixed fee than the small firm. Nevertheless, the large
firm still holds larger market share despite its higher fixed fee because it offers more
attractive utility from lower on-net price and/or higher fixed surplus from reputation.
Consequently, the majority of the consumers still perceive that the large firm’s benefit
outweighs the disadvantage of its higher fixed fee.

Proposition 2.3

Both networks unilaterally choose above-cost access charges, i.e. a; > ¢; and
a; > c,. The network with larger market share sets higher mark-up on access charge
than the network with smaller market share.

Proof See the appendix (Section 2.5.4).

In the absence of access charge regulations, both firms unilaterally charge
mark-ups on access charges in the first stage of the game. Accordingly, the off-net
prices, which are equal to their perceived costs, are higher than their actual marginal
costs because the prices are set to cover the associated access mark-ups. Similar to the
findings under uniform pricing reported by Armstrong (1998) and Laffont, Rey and
Tirole (1998a), this result strongly indicates the appearance of tacit collusion in this
environment of cost asymmetry. They will not trigger price war through off-net call
pricing. In contrast to some findings supporting that firms with identical costs would
agree on a cost-based reciprocal access charge (Laffont, Rey and Tirole, 1998b) or
even a below-cost reciprocal access charge (Calzada and Valletti, 2008; Gans and
King, 2001), this study reveals that when the networks have different costs, the
dominant firm will take advantage of the cost difference and a gap in above-cost
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access charges. The above-cost off-net prices do not approach the socially optimal
prices, which should equal the actual marginal costs. Regardless of the access mark-
ups, on-net prices are intact. Both networks still charge their on-net prices at the

actual marginal costs.

It is also found that the large network sets not only higher fixed fee, but also
higher access charge than the small network. When a network increases access
charge, there are both positive and negative effects on its own profit. First, when its
access charge increases, its rival’s off-net price is pushed up. As a result, its own
market share may expand, and its profit increases accordingly. Second, when its
access charge increases, its rival adjusts by lowering its fixed fee. In order to tackle its
rival’s reaction, the network has to lower its fixed fee, which has a negative impact on
its own profit. For the large network, the first effect more significantly outweighs the
second effect, compared to the small network. Therefore, the large network can set

higher access charge and earn higher profit than the small network.

In the absence of asymmetry in reputation (8 = 0), the low-cost firm certainly
has larger market share because of its cost efficiency. Further, when the two networks
are different in reputation, the low-cost firm is more likely to be the large network. If
its reputation is not too bad, compared to that of the high-cost firm, the low-cost firm
has larger market share and gains higher profit than the high-cost firm. However,
the differences in the firms’ market shares and profits become subtle when the
discrepancy in reputation decreases. When the low-cost firm’s reputation declines
(B decreases), the low-cost firm loses its power to set a comparatively high fixed fee
and a relatively high access charge (to forcibly increase its rival’s off-net price) *°. As
a result, the firm loses profit. Moreover, when its reputation is comparatively extremely
bad, the low-cost firm cannot preserve its dominant position in the market. The low-
cost firm becomes the small network and earns lower profit than the high-cost firm,
which turns to be the large network instead.

d i
19 —:ﬁlf > 0 where m, is a mark-up on access charge of network 1; m; = a; — ¢;. See proof

in the appendix (Section 2.5.5).
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B Comparative statics analysis

In the unregulated market, the effects of the asymmetry parameter (f), the
degree of substitutability (o) and the networks’ costs on the equilibrium outcomes are

as follows.

Observation 2.1

(i) When the asymmetry parameter increases, the low-cost firm can expand its

. oax
market share, i.e. aiﬁl > 0.

(it) When the degree of substitutability between the networks is higher, the

market share of the large network expands. As a result, the gap between the market

i< wider. i o g 25 o(ai-aj) _ .
shares of the two networks is wider, i.e. when a; > a;, 5. >0 and ————>0;

ief{1,2},i+].
(ii1) When a network’s cost increases, its market share decreases but its rival’s

. . dat Jda
market share increases, i.e. = < 0, 5

— L > 0wherei € {1,2},i # j.

Ci

(iv) When a network decides to increase its access charge, equilibrium fixed

. * OF;
fees of both networks decrease, i.e. % <0, 6a]- < Owherei € {1,2},i #j.

Proof See the appendix (Section 2.5.6).

Market share is affected by several exogenous factors. Firstly, when a network’s
reputation grows, the network can increase the number of its subscribers and finally

expand its market share.

Secondly, if the two networks are slightly substitutable, some consumers
decide not to switch to join the large network because they still have some benefit
from the small network which is closer to their ideal networks than the large network.
On the other hand, if the two networks are more substitutable, some of these
consumers may decide to join the large network instead. Therefore, if the networks
are closer competitors in terms of substitutability, the large network can expand its
market share more easily. Subsequently, the small network is more likely to leave the

market. As a result, differentiating service can be one of the small firm’s strategies to
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penetrate the market in this setting. In other words, when the degree of substitutability
is higher or the horizontal differentiation (represented by t) is closer to zero, the
competition approaches the conventional Bertrand price competition. However, this
study focuses on the shared-market equilibrium. Thus, the degree of substitutability

should not be too high when compared to the cost differential.°

Thirdly, the difference in cost is a key factor in the asymmetric outcomes.
When a network’s cost increases, its on-net price certainly goes up. From consumers’
perspective, the network’s service is less attractive. Some of its subscribers switch to
its rival, and consequently its market share decreases. Accordingly, its rival’s market

share increases.

In addition to the three exogenous factors, in equilibrium, a network’s decision
on access charge affects fixed fee pricing in the later stage. When a network increases
its access charge, it is likely to gain more profit from access revenue. Nevertheless, its
rival will react by reducing fixed fee. The network has to decrease its own fixed fee to
discourage some customers from switching to its rival. Consequently, if a network
decides to push up its access charge, the profit-maximising fixed fees of both firms

will decrease.

2.3.2 Benchmark 2: the symmetric cost-based access charge

regulation

The high-cost firm and the low-cost firm are regulated to set their access

charges at termination costs.

B The behaviour of mobile network operators under the symmetric

cost-based access charge regulation.

When a; = c¢; and a, = ¢, in the first stage of the game, according to (2.11),

the on-net and off-net prices are shown below.

20 See proof in the appendix (Section 2.5.7).
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pi* = 2Ci and ﬁi* =c; + Cj, l,]E{l,Z}andl-_/:]

According to the assumption that the marginal costs of network 1 are less than
those of network 2, the on-net price of the high-cost firm is higher than off-net prices

of both networks. p,* > p," =p," > p,*.

Proposition 2.4
Under the symmetric cost-based access charge regulation, both firms set their
on-net prices at actual marginal cost. The high-cost firm offers higher on-net price
than the low-cost firm. However, both firms offer the same level of off-net prices
which equals actual marginal cost.
Proof
Both networks still set the profit-maximising usage fee in accordance with

marginal cost pricing. From (2.11), p;* = 2¢q, p* = 2¢5, 91 =Dy =c¢;+¢,. O

Under the symmetric regulation, on-net and off-net prices of the two networks
are set at cost because no access mark-up is allowed. The low-cost firm can set on-net

price lower than the high-cost firm due to its cost efficiency.

Remark 2.2
Under the symmetric cost-based access charge regulation, the critical value of

asymmetry parameter (ﬁ) IS

A 1

B =—3v@c) —v(2e)] <.
The low-cost firm has larger market share if g8 > é Moreover, the critical value under
the symmetric regulation (é) is greater than that in the unregulated market (B), i.e.
p>p.
Proof See the appendix (Section 2.5.8).

The symmetric regulation eliminates the effect of access mark-up that is

strategically imposed by the low-cost firm. As a result, the critical value of asymmetric

parameter is higher than that in the unregulated market because it depends only on the

cost differential. The high-cost firm has a greater tendency to take over the dominant
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position under the symmetric regulation than in the unregulated market®, especially

when the high-cost firm has a better reputation.

Proposition 2.5

Under the symmetric cost-based access charge regulation, the network with
larger market share sets higher fixed fee and earns higher profit than the network with
smaller market share.

Proof See the appendix (Section 2.5.9).

Under the symmetric regulation, both on-net prices and off-net prices are
equal to their actual marginal costs. Firms generate profit only from fixed fees due to
marginal cost pricing and the absence of access mark-up. Similar to the outcome in
the unregulated market, the large network can charge higher fixed fee and still serve
the majority of consumers because of its comparatively attractive benefit in terms of

cost efficiency and/or reputation.
2.3.3 The asymmetric cost-based access charge regulation

The new firm may be a potential competitor that can increase the degree of
competition in the market if it is cost-efficient and/or if its reputation is excellent
enough. For example, its cost may be lower than the established firm. As a close rival,
the new firm is capable of competing fiercely, and social welfare will be improved
accordingly. In this case, the asymmetric regulation is unnecessary. Nevertheless, in
the initial stage of entry, the new firm is more likely to be inefficient in terms of cost
and reputation, and as a consequence it is disadvantaged and at a risk to shut down.
Despite the entrant’s inefficiency, the regulator may impose this regulation for the
purpose of intensifying competition rather than let the established firm seize control

of the whole market as a monopolist.

2! For instance, suppose the asymmetry parameter is b where f < b < é < 0, the high-cost
firm earns smaller market share than the low-cost firm in the unregulated market but it

becomes dominant with larger market share under the symmetric regulation.
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This section focuses on the situation where the new firm has higher cost and
earns smaller market share in order to assess the asymmetric regulation as an entry-
facilitating policy. Under this regulation, the established firm (the low-cost firm) is
regulated to set access charge at cost. In contrast, the new firm (the high-cost firm) is

allowed to choose its access charge in this setting.

® The behaviour of mobile network operators under the asymmetric

cost-based access charge regulation

Network 1 (the established firm with low cost) sets its access charge equal to
its marginal cost, and network 2 (the new firm with high cost) can set its own access

charge. According to (2.11), on-net and off-net prices in equilibrium are as follows.
pi* =2¢; i,jeE{l,2}andi #j
P =c1+ay
P2 =crt ¢

pt>pP, >pfand p," > p,” > p,* because network 2 will choose a mark-up on

access charge.

Proposition 2.6

Under the asymmetric cost-based access charge regulation, the new firm with
high cost sets a mark-up on access charge. When the asymmetric regulation is imposed
instead of the symmetric regulation, its effects on the equilibrium outcomes are as
follows.

(i) The market share of the low-cost established firm decreases, but that of the
new firm increases.

(i) Equilibrium fixed fees of both firms decrease.

(iii) Overall, the profit of the new firm increases, but that of the established
firm decreases.
Proof See the appendix (Section 2.5.10).
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While the access charge of the low-cost established firm is fixed at cost by
regulation, the new firm with high cost will choose above-cost access charge to
maximise its profit. The asymmetric regulation has significant effects on the market
outcome. Firstly, the access mark-up of the new firm can expand the firm’s market
share and shrink that of the established firm. This is because the new firm can raise

the established firm’s off-net price through its access mark-up.

Secondly, the access mark-up also causes the established firm to react by
decreasing its fixed fee. Accordingly, the equilibrium fixed fee of the new firm is
affected in two different ways. When the established firm’s off-net price increases
according to the new firm’s access mark-up, the established firm’s service seems less
attractive. Thus, the market share of the new firm may increase. The new firm will
receive more profit if it decides to raise its fixed fee. However, when it charges an

access mark-up, the established firm decides to reduce its equilibrium fixed fee

oOF;
6a2

lose market share and it cannot take full advantage of its access mark-up. Therefore,

< 0) as a response. If the new firm does not reduce its fixed fee, it will
Ay=Cy

the new firm finally maximises its profit by lowering its fixed fee. In summary, when
the new firm sets a mark-up on access charge, both equilibrium fixed fees decrease.
This finding is similar to the result of Peitz (2005), studying asymmetric networks

with different fixed utilities but identical cost.

Thirdly, the fixed fee of the established firm changes more drastically than that
of the new firm, and its off-net price is higher. This leads to a reduction in the
established firm’s market share. Consequently, the established firm’s profit decreases

and the new firm’s profit certainly increases from the symmetric regulation benchmark.

Remark 2.3
Under the asymmetric cost-based access charge regulation, the critical value

of asymmetry parameter ([?) IS

~
N
ICA

—%[v(c1 + a,*) —v(2¢;) —v(c; + ¢) +v(2¢y)].
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The low-cost firm has larger market share if g > ﬁ’ The critical value under the

asymmetric regulation is the greatest, followed by those under the symmetric

regulation (ﬁ) and in the unregulated market (£) respectively, i.e.é > [? > B.
Proof See the appendix (Section 2.5.11).

Under the asymmetric regulation, the critical value of asymmetry parameter is
greater than those under the symmetric regulation and in the unregulated market
respectively. Regarding benchmark 1 and benchmark 2, the high-cost firm has to offer
significantly higher fixed surplus than the low-cost firm in order to occupy larger
market share. The huge discrepancy in reputation is necessary for the high-cost firm
to achieve dominance in the market. However, to become the large network under the
asymmetric regulation, the high-cost firm requires only a smaller discrepancy in

reputation than those under other regulatory regimes.

Proposition 2.7a

When the established firm has lower cost and larger market share than the new
firm, the comparison of market shares in the unregulated market (unreg), under the
symmetric cost-based access charge regulation (sym) and under the asymmetric cost-
based access charge regulation (asym) is shown below.

(i) The comparison of the established firm’s market share is as follows.
Tiynreg > Tsym > Uasym
(ii) The comparison of the new firm’s market share is as follows.
X2unreg < T2sym < X2asym
Proof See the appendix (Section 2.5.12).

The asymmetric regulation is most effective to facilitate entry of the new firm
with high cost. Conversely, the low-cost established firm may prefer no regulatory
intervention. This is because its market share decreases after the regulator adopts

either the symmetric regulation or the asymmetric regulation.
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Proposition 2.7b

When the established firm has lower cost and larger market share than the
new firm, the comparison of the new firm’s profits in the unregulated market (unreg),
under the symmetric cost-based access charge regulation (sym) and under the

asymmetric cost-based access charge regulation (asym) is as follows.
7TZZTLre‘g < 7TZ:ym < n‘-zjzsym'
Proof See the appendix (Section 2.5.13).

The asymmetric regulation is beneficial only to the new firm (the high-cost
firm in this scenario). In comparison with the other regulatory regimes, the new firm
can achieve market penetration and reap the highest profit under the asymmetric
regulation. Conversely, the low-cost established firm inevitably loses profit as a

consequence of the asymmetric regulation.*
2.3.4 Social welfare analysis

The effects of the three regulatory regimes on social welfare are discussed as

follows.
B The unregulated market

As stated in Proposition 2.3, both networks set mark-ups on access charges,
and consequently off-net prices are pushed up. The price distortions have adverse
effects on consumers. Additionally, the large network takes full advantage of its
dominance in order to threaten the small network by means of aggressive pricing on

access charge. Therefore, deregulation is not an appropriate policy in this setting.
B The symmetric cost-based access charge regulation

Compared to the market outcome in the unregulated market, off-net prices

dramatically decrease because access mark-ups are not allowed under this regulation.

?2 See proof in the appendix (Section 2.5.13).
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Moreover, the large network can no longer use its access mark-up as a predatory tool
for undermining its small rival. As a result, the distortions of usage fees are avoidable.
Due to the cost-based access charges and usage prices, consumers and the underdog
firm benefit greatly from this regulation, as stated in Proposition 2.7b.

B The asymmetric cost-based access charge regulation

In the unregulated market (benchmark 1), both networks unilaterally set their
access charges above cost and generate some profits from mark-ups on access charges.
The on-net prices are set at actual marginal costs, but the off-net prices are distorted
by the access mark-ups. This may reduce aggregate consumer surplus. The symmetric
regulation and the asymmetric regulation may be pragmatic approaches to alleviate
the distortion in this situation. When both networks are efficient in terms of costs and
reputation, it is appropriate that the symmetric regulation should be imposed to curb

access mark-ups and retail prices.

However, when the issues of facilitating entry and promoting the long-run
competition are taken into consideration, the asymmetric regulation should be

considered in comparison with the symmetric regulation.

The next section is dedicated to the case in which network 1 is the low-cost
established firm with larger market share than network 2, which is the new firm with
high cost. The effects of the asymmetric regulation on aggregate consumer surplus
and aggregate producer surplus are compared with the effect of the symmetric

regulation (benchmark 2).
Aggregate consumer surplus

According to (2.9), the asymmetric regulation, which allows the new firm to
set access mark-up (a, > c,), has an ambiguous effect on consumer surplus. The
asymmetric regulation may not guarantee an increase in the total of net utility of each

consumer group. However, the asymmetric regulation certainly reduces the total
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disutility.?® The difference between the two firms’ market shares becomes subtle
when the new firm is allowed to set above-cost access charge. Compared with the
outcome of the symmetric regulation, the new firm can steal some of market share
from the low-cost established firm. Thus, the asymmetric regulation narrows the gap
between the market shares of the two networks. Therefore, it is ambiguous to
conclude that the asymmetric regulation can raise aggregate consumer surplus as a
whole. The derivative of aggregate consumer surplus with respect to the new firm’s
access charge is as follows.

acs day N 1y 0oy 0F;
90, - 2“11/(291)6—612 + (a; —ap)v'(p) + (11— 2611)1/(291)6—612 — ala_az
F day N day 21 ( )6&1 (1= 2a)v(p )6a1
16a2 ﬁaaz 1)V P2 da, a1)ViP2 da,
JF, da, 1 da,
—(1 - — —F —(1-2 —
( ) da, + da, 2 + 20( ) da,

The asymmetric regulation may boost aggregate consumer surplus on
condition that the parameter of asymmetry in reputation (8) is not too high, and the
cost differential is not too large when compared with the degree of substitutability
(6).%* When the asymmetric regulation is imposed, the new firm’s market share and
profit increase. On the other hand, the low-cost established firm loses market share
and profit. Thus, the difference in market shares becomes subtle under the asymmetric

regulation.

The asymmetric regulation makes two different effects on aggregate consumer
surplus. First, a negative effect on consumer surplus occurs when the market share of
the established network diminishes. A distinct example is the case in which the
established firm offers greater fixed-surplus from reputation (8 > 0) but some
consumers decide to switch to the new network. These consumers have to give up the
extra fixed-surplus (8) from joining the established firm. As a result, the asymmetric

regulation causes a reduction in the consumers’ benefit from fixed surplus. Second, if

2 See proof in the appendix (Section 2.5.14).
#4 See proof in the appendix (Section 2.5.14).
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the cost differential is not too large by comparison with the degree of substitutability
(o), there is a positive effect of the asymmetric regulation on consumer surplus.
When some consumers switch to the new network, the total disutility from not
connecting to consumers’ ideal networks decreases (the disutility is lowest when the
two networks share the market equally). Meanwhile, the consumers of the new
network have to incur higher average usage prices as a result of cost inefficiency. In
summary, the benefit from the asymmetric regulation may outweigh its disadvantage
if these conditions are satisfied: (1) the asymmetry parameter (8) is not too high,
(2) the degree of substitutability is low enough, and (3) the costs of both networks are
not much different.

Aggregate producer surplus

Compared to the outcome under the symmetric regulation (benchmark 2), the
low-cost established firm loses some profit whereas the new firm with high cost gains
more profit under the asymmetric regulation. In the neighbourhood of cost-based
access charges, when the new firm decides to charge an access mark-up, the magnitude
of profit which the established firm loses outweighs that of profit which the new firm

gains. Overall, aggregate producer surplus decreases.”®
B The optimal regulations

If the newcomer is efficient enough to compete with the established firm, the
regulator may choose the symmetric regulation to vanish the distortions of access
charges and off-net prices, which inevitably occur in the unregulated market. However,
it is questionable whether the asymmetric regulation should be imposed in an effort to
encourage entry and foster market competition in the situation where the new firm has
higher cost and smaller market share. Similar to the standard result of Baranes and
Vuong (2012) and Peitz (2005), this study provides the clear evidence that the
asymmetric regulation is an efficient measure to promote the new firm’s profit and

market penetration. While the result of Peitz (2005) suggests that the asymmetric

% See proof in the appendix (Section 2.5.15).
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regulation can increase consumer surplus, the present study finds that the effect of the
asymmetric regulation on consumer surplus and social welfare are not clear-cut, as
stated in the preceding section. It can enhance social welfare in the situation where the
cost differential and the discrepancy in reputation are not significant and both

networks’ services are differentiated enough.

The main focus of this discussion is the efficiency of the entrant and its
differentiated service. This study supports that the firm asymmetry caused by the
entrant’s inherent inefficiency should not be the justification for imposing the
asymmetric regulation. Additionally, the asymmetric regulation is socially acceptable
when the entrant is launching an alternative to the legacy telecommunications services
such as higher generation wireless telecommunications with an increasing trend in
demand for mobile broadband. In the period of product introduction, the entrant
may incur higher cost and the allowance of its access charge under the asymmetric
regulation can preserve the viability of the entrant. From a social perspective, the
asymmetric regulation is necessary to intensify market competition through the
sufficiently differentiated service in this situation. In addition, the asymmetric
regulation should be implemented as a temporary measure in the early phase of the
new advanced service. When the firm asymmetry becomes subtle in the more mature

phase, it is pointless to implement the asymmetric regulation.

On the other hand, the asymmetric regulation dampens social welfare when
the new firm has considerably higher cost, significantly worse reputation, and high
substitutability with the established firm. This is because the new firm is obviously
inefficient in terms of cost and reputation. Moreover, from consumers’ viewpoint, its
product is not differentiated enough from the existing product, and it cannot fill in the
gap in the market to satisfy consumers. Thus, any regulatory support for the new firm
may distort the market and reduce social welfare. Meanwhile, on the supply side, the
asymmetric regulation causes a reduction in the profit of the established firm and
aggregate producer surplus. This may spark controversy by the established firm when

an issue of the asymmetric regulation is publicly debated.
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2.4 Conclusion

This study investigates competition between two asymmetric networks under
two-part tariffs and network-based discriminatory pricing. The networks are different
in cost and reputation. To maximise their own profits, both networks apply marginal
cost pricing to usage fees. As a result, they have profits only from fixed fees and
access revenues. When the market is unregulated, they unilaterally choose above-cost
access charges. The low-cost firm has a greater tendency to have larger market share
if its reputation is not too worse than that of the high-cost firm. When the discrepancy
in reputation is smaller, the gap between the market shares of both networks is
narrower. In addition, the network with larger market share can charge higher access
charge, higher fixed fee and earn higher profit than the network with smaller market

share.

Off-net prices of both networks are pushed up by each other because they
choose above-cost access charges in the unregulated market. This is a threat to
consumers. The regulator may impose the symmetric cost-based access charge
regulation which can push down the two networks’ off-net prices to their actual
marginal costs. A network can no longer make its rival’s off-net price less attractive
by means of setting an access mark-up. Thus, the asymmetric market outcome directly
reflects the cost differential and/or the discrepancy in reputation, and it is not distorted
by the strategic access mark-ups. Compared with the outcome in the unregulated
market, the symmetric regulation can narrow the gap between the two networks’
market shares. However, there is some concern about the viability of the new firm in
the situation where the new firm has high cost and smaller market share. The
regulator may choose the asymmetric cost-based access charge regulation in order to
encourage the new firm to enter the market and force the established firm to
relinquish its monopoly power. Consumer welfare may increase if the cost differential
and the discrepancy in reputation are not substantial and the two networks’ services
are differentiated enough. On the other hand, the profit and market share of the
established firm decrease. Consequently, the regulator should implement the

asymmetric regulation instead of the symmetric regulation when the underdog high-
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cost firm with differentiated service is not too inefficient in terms of cost and
reputation. Otherwise, the asymmetric regulation is more likely to cause a welfare-

undermining distortion of the market outcome.

Compared to other regulatory approaches, these cost-based access charge
regulations are more practical because the regulators require only the declaration
of cost structure from mobile network operators to set cost-based access charge.
Additionally, in a static framework, the asymmetric regulation can increase the profit
of the new firm with high cost and may enhance consumer welfare in some situations.
It is acceptable for the regulator to allow the new firm to set an access mark-up in
order to facilitate market entry and the launch of the new advanced service in the
initial market. Nevertheless, in the long run, both networks should compete strongly
and increase efficiency such as cost reduction and quality improvement. The
asymmetric regulation should act as an incentive for the new firm to enter the market,
but it should not last long. In addition, the regulator should encourage networks to
develop in the stronger competition. Further research is still needed to suggest optimal
regulations in the long run. Moreover, this study assumes the networks provide only
one service, so it is interesting to investigate the competition in multiple service

markets.
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2.5 Appendix

2.5.1 Proof of Proposition 2.1

Substituting (2.1)-(2.3) in (2.4) and rearranging the equation, the explicit

function of a; is

B %4' of +ov(Py) —v(p,) — F; + F,]
1+ o[v(py) —v(py) +v(B2) —v(p)]

a, (2.A1)

D =1+o0[v(p) —v(pz) + v(B,) — v(pi)]
D > 0 when there exists a stable shared-market equilibrium.

Keeping the market share (a;) constant and treating F; as a function of p;, p;

and a; from (2. A1), one can differentiate (2.5) with respect to p; and p; as follows.

ani _ 2 + 2 0 2 + aFl =0
ap; = a;q; + a;q;(p; ¢)+a; op; =

Then, substituting Z—:ﬁ =a;v'(p;) and v'(p;) = —q; in the above equation yields the

following.
Pi — 2Ci =0
pi* = ZCi (ZAZ)

Therefore, the profit-maximising on-net price is equal to actual marginal cost.?®

Next, determine the profit-maximising off-net price.

ani 5. + (A )/\/ + aFl 0
oA = g T aiap(pp — G — 4;)q; T A o =
ap; ap;
5 M g2 o0 9T - Mg ang P _gq0 < 0 to satisfy the second-order
ap;? b7 opiop; 9pidp; 9p;” v

condition (SOC) for profit maximisation.
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Substituting ? =a;v'(p;) and v'(p;) = —g; in the above first-order condition

1

(FOC) and the profit-maximising off-net price is
pi =c +a;. (2.A3)
Thus, the profit-maximising off-net price is equal to perceived cost.”’
After substituting (2. A2) and (2. A3) in (2.5), the profit function is
T = a;F; — a;f; + aja;(a; — ;). (2.A4)

The derivative of the profit function (2. A4) with respect to fixed fee (F;) is

aT[i a(li a(li aai
T + ¥ fi oF, + (aj — a;)(a; — ¢)g; oF, 0

—% in the above equation yields

. - aai _
Substituting 3F
D .

a; <—;> + FL' _fl + (a:] — ai)(al- — Cl')q]' =0.
After rearranging the equation, one finds that
* ID ~
Fi = fl + ai; + (ai—aj)(ai — Ci)qj (ZAS)
where D =1 + o[v(p;) —v(pz) +v(Pz) —v(py)],0>0,D > 0and §> 0.

The second-order condition (SOC) should be negative for the maximum profit.

2
—> (a; —c)g; <0

aZTEi aal- (aai
OF* oF; oF,
a .
where ==t = — 2.
aFi D
2 Ui g <0, 2T = O and £ g2 < 0 to satisfy the SOC for profit
op2 1Y S Y apiop;  apiop: ez y p
maximisation.
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0°m; 2
oF%2 "D

[1 +%(ai - ci)c?j] <0

The above expression holds when [1 + % (a; — ci)q,-] > 0. Consequently,
R D
(ai - Ci)Qj > —; . (2A6)

In other words, the access mark-up is assumed to be nonnegative or slightly less than
termination cost in accordance with the concavity of profit function. The above

assumption (2. A6) will be referred in the following analysis.

2.5.2 Proof of Remark 2.1

After substituting (2.A2), (2.A3) and (2.A5) in (2.A1), one can obtain the

following equation.

L1 RSB ) — v —v(B ) +v(p: )]
a; = E + D

(2.A7)

D* = 3D + 20[(a;" — ¢t1)q2 + (a2" — ¢2)q1] >0
D=1+ U[V(ﬁl*) —v(p") + V(PAZ*) —v(p1M)]

According to (2.A7), aj = % if g = —% [v(H:") —v(p") —v(Py) + v(p ).
Conversely, a; < % if B < —%[v(ﬁl*) —v(py*) —v(Py") + v(py )] < 0. Therefore,

B =—=Iv(er +a3) —v(2cy) — v(c, + ap) +v(2cy)].

2.5.3 Proof of Proposition 2.2

In the unregulated market, both networks charge access mark-ups. Suppose
network i has larger market share than network j (a; > a;; i,j € {1,2} and i # j),

a comparison can be made to compare the equilibrium fixed fees expressed in (2. A5).

One may apply the condition for the profit-maximising access charge and find that
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* * [D A ~
F = F = fi~f; + (ai—q;) [g + (@ —c)g; + (o - Cj)qi]-

Since fl = f}', a;—q; >0, (Cli — Ci)q\j > 0 and (a] — Cj)q\i >0, Fi* — F}* > 0. Thus,

the large network charges higher fixed fee than the small network.

Suppose network 1 is the large firm (@, > a;), under the assumption of linear
demand (§;=1—-c —c;—m; and m; = a; —¢;; i,j €{1,2} and i #j), The

equilibrium profits of both networks in (2. A8) are

*

= a

Ll N

[5 +mi]
pn miq;

* 2 D * A
T = @3 [E"‘mz%]-

D
iy —m; = (af — “%)E +atmi(l—c; —c;—m}) —ajmy(1 —c; —c; —mj3)

Letd =1—c; —c, > 0. Assume 8 —mj] —mj > 0 (demand is positive). According

to Proposition 2.3, when a; > a,, mj —mj > 0.

mi(0 —mj) — m3(6 —m3) = (my —m3)( —my—m3) >0
and a? > a2. Thus, r; — m; > 0.
2.5.4 Proof of Proposition 2.3

After substituting (2.A2), (2.A3), (2.A5) in (2.5), the profit function in stage 1

of the game is

D
i (a;) = af [E +(a; - Ci)@j] (2.A8)

In stage 1, network i’s problem is

max 7; (a;)
a;

where i,j € {1,2}.
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Network 1 The FOC is

omny day A
= (a1 c1)q, + 20— + (a; —¢1)§2|=0 (2.A9)
da, Jda,

a; cannot be expressed in closed form, but a; can be indicated by considering

the profit function in the neighbourhood of a; = c;.

At a1 = Cl y
om; B 6a1 [ ]
darly _. “19a,
where % > 0% and D > 0 according to the existence of a stable shared-market
1 ai=cy

equilibrium. In the neighbourhood of a; = ¢,, if network 1 increases its access charge
above cost, its market share expands. This is because the significant impact of its

access mark-up can push up its rival’s off-net price. Consequently, its rival is less

attractive and its own market share tends to increase. Thus, om > 0. Firm 1 will

darly ¢,
not set access charge at cost, but it has an incentive to increase access charge in order
to earn more profit. In addition, if the access charge is set below termination cost
(a; < ¢;1), the FOC in (2. A9) will hold only when the second term is negative. This

is because the first term (a?(a; — c¢;)d5) is strongly positive. According to (2. A6),

6_21 must be negative to make the equation (2. A9) hold in this case. However, when
1

access charge is below cost, the derivative of network 1’s market share with respect to

. . .- d
its access charge is positive (ﬂ

> O>.29 As a result, below-cost access charge
ai<c

cannot yield maximum profit. Thus, in the unregulated market, network 1 chooses

above-cost access charge.

daq

28
See proof of 3a,

> 0 in the following section in the appendix.
a;=¢1
9ay

29
See proof of 3a;

> 0 in the following section in the appendix.
a1<C1
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Network 2

am;
2= az(a; —c)q'y — 2“2 [_ + (a; - Cz)‘h] =0 (2.A10)
da, da,
At a, = Cy,
o, 20 6a1 [ ]
2
da, ay=c, da, a,

6a1

= < 0% and D > 0 according to the existence of
2

A=Cy

This is because at a, = c,,

a stable shared-market equilibrium. If network 2 unilaterally raises its access charge
above cost, its market share increases. Accordingly, network 1’s market share
decreases. As a result of the access mark-up of network 2, network 1’s off-net price
increases and some subscribers of network 1 may switch to network 2. Therefore,
network 2 also has incentive to charge its access mark-up. Furthermore, at a, < c,,
the first term of (2. A10) is positive. Therefore, the profit-maximising access charge
of network 2 should make the second term of (2. A10) negative. According to (2.A6),

- + (a; —c3)G; > 0. To make (2.A10) hold, it is necessary that 2% 5 >0.1In
a,<cy
contrast, it is found that % < 0.3 It is a contradiction. Thus, network 2 will
2 a<Cy

not choose a below-cost access charge. Similar to network 1, network 2 will set a
mark-up on access charge.

aa1

Proof that >0

a1 aqg=cq
After substituting (2.A2), (2.A3) and (2.A5) in (2.A1) and rearranging the

equation, one can obtain

g+ o +olv(p) —v(p)] + D+ 0l(a — )l + (@ — €)3] ) A1
= 3D + 20[(a; — ¢1)§, + (a; — ¢3)44] & )

daq

30
See proof of 34,

< 0 in the following section in the appendix.
az=C2
9ay

31
See proof of 34,

< 0 in the following section in the appendix.
a2<C2
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1
T = E + op + o'[v(ﬁl) — V(pz)] + D+ 0[(a1 - C1)@2 + (az - CZ)@l

D* = 3D + 20[(a; — ¢;1)q2 + (az — ¢2)G41]
Taking differentiation of a; with respect to a, yields

oa;” _ D*o(a; — ¢1)q; — T*[(=0)§, + 20(a; — ¢1)q5]

oa, D* ? '

At a, = Cq,

da’|  T'[od)

= —

aal a;=cq D

where D* > 0 and T* > 0. Thus, % > 0.
1 'a1=¢;
Proof that 2% >0
a1 ai<cq

Differentiating (2. A11) with respect to a, and rearranging it yields

da;”  —oD* (a; — ¢1) +0T*[G, + 2(a; — ¢1)]
da; D*?

where

* 1 A ~ ~
T = > +oB +alv(p) —v(p)] + D+ ol(a; —c1)G, + (a; —¢3)G1] >0
D* = 3D + 20[(a; — ¢t1)qz + (az — ¢c2)q1] > 0.

Suppose the demand is high enough, §, > |2(a; — ¢;)| and G, + 2(a; — ¢;) > 0.

6a1*

Therefore, when a; < ¢y , Sar > 0.
1 a1<C1
a
Proof that —— <0
9214, =c,

Differentiating (2. A11) with respect to a, yields

da;” _ D*[-0§; + 0(a; —c)§1 ] — T[(—0)§, + 20(a; — c3)§1]
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At a, = Cy,

oay” _0q,(T" = D")

da, D* 2

ay=Cy

where

1
T = > + 0B +alv(p) —v(p)] + D+ o[(a; —c1)G, + (a; —c3)G1] >0

D* = 3D + 20[(a; — c¢1)qz + (a2 — ct2)q,] > 0.

T* < D* in a shared-market equilibrium (0 < a;* < 1). Thus, Oa, <0.

da, az=Cz

Proof that 2% <0
az az<cy

After differentiating (2. A11) with respect to a, and rearranging it, one can
find that

6051* _ —oD*[§; + (a; —¢c)] + oT*[G, + 2(a; — c,)]
da, D* 2

where

T = % + 0B + a[v(pr) — v(p,)] + D + ol(ay — c)ds + (az — ¢2)d] > 0

D* = 3D + 20[(a; — ¢41)§2 + (az — ¢2)G1] > 0.

Suppose the demand is high enough, §; > |2(a, — ¢;)| > |a, — c;|. Therefore,
G, +2(a, —cy) >0and g, + (a, —c;) > 0. In a shared-market equilibrium where

O < al* < 1, T* < [D* Moreover, 61\1 + 2((12 - Cz) < ql + (az - Cz) When az < Cz.

aal*

Therefore, when a, < ¢, , . <0.
2

a,<cy

To compare the access charges of the two networks, replacing access mark-up

m; = a; — ¢; in (2.A11) gives the market shares as shown below.

1 A * A * A
. tof+ olv(p) —v(p)] + D+ a[mig, + m3G:] T
a = — — = -
! 3D + 20[(a; — ¢1)q, + (az — ¢3)q4] D
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1 A ‘A . A
Lo+ o) — vl + D+ olmid, +mid] T
3D + 20[(a; — ¢1)q, + (az — c3)q4] D*

az* =

Suppose aj > a5, T; > T5. Analogously, replacing m; = a; —¢; in (2.A9) and
(2.A10), the FOC for the profit-maximising access charge of network 1 can be

rearranged as

—+mj(6 — ml)]—O (2.A12)

—mj 6+m
—mj + 20[ *1+( l)l[
Tl

The FOC for the profit-maximising access charge of network 2 can be rearranged as

+m;(6 — mﬁ)] = 0.

-m, 6 +m; D
—m§+ 20’[ 2+( Z)l [E

T

6
m; = 20[ T 4 +m2)l [— m;(e—m;)] (2.A13)

Then, one can replace mj in (2.A12) with m3 and obtain (2. A14). If (2.A14) equals
zero, one may conclude that m; = mj. However, (2.A14) cannot be guaranteed to

equal zero yet.

0 +
—mi + 20'[ = 44 mZ)l [—+m;(9 —m;)] (2.A14)
To compare m; with mj, substituting (2.A13) in (2.A14) yields the following

expression.

m3(6 —m;)

-m, 6 +my)| D
_26[ ; 2>]_ -

0+
T m5 (6 — m})] + 20’[ ( mZ)]

The above expression is positive because T; > T3 . Therefore, mj # mj. If network 1
chooses its access mark-up equal to m; rather than ml, > 0. Consequently, when

a; > a;, the access mark-up of network 1 exceeds that of network 2 (mj > m53).
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2.5.5 Proof that B 1> 0

Substitutingm; =a; —c;and §, =1—c; —c, — m;y =0 — my in (2.A9)

gives the following equation in equilibrium.

amy
da,

da, [D
= —a?(my) + 20, — 72 + my (6 — ml)] =0
a,

Total differential of the above equation with respect to m, and g is shown below.

O gy + 2 5 = g
daom, ™ aalaﬁ p=
_0°m
dmy " 3@mop A
g~ 9w, B
da;0m,
day D a; , day day
dm, 2m1a1W—2[ +mq(0 — ml)]<a16a 6ﬁ+ 6/3'6a1>
ap day 0%a oa D
o 380+ 2o 58+ (5 | [ a0 - )

Denotation of A and B is as follows.
d%m;
da,0pB

a,6’(0+my) o 6a1>

o D
= Zmlal (ﬁ) -2 I:E + ml(H — ml)] < D 7 D~ . aal

_ 20{ []D) N p ] (ala(e + my) N aa1>}
- D ma, o mq( my) D" da,

B o’my A doay o 0%a, (60{1) [ 0 ]
= da,0m, =—ag myay da, a, da, > T + my( my)

At the profit-maximising access mark-up, (2. A9) can be rewritten as

da, [D
mlal —_ 27 ;‘l‘ m1(9 - ml)]
1
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Substituting the above expression into A yields

20
D*

A=

da; [D D a, 00+ my) Jday
{Za—al [; +m,(6 — ml)] - [E +m,(6 — ml)] < o + 6a1>}

5[z mao - mol 25 - (T

One can find that

) daq (ala(e + my) N Oal) _Oda; a;0(8+ my)

da,; D* da,; da,y D*

_—oD"my +oT"(6+ my) oT"(6+ my) <0

]D)* 2 D*
_— 9%y %y . .
Thus, A < 0. Similarly, B = = < 0 since the SOC should be negative
aalaml aalz
due to the concavity of profit function. In summary, dczzl > 0.

2.5.6 Proof of Observation 2.1

) 2 _ :
(I) op 3D+20[(a;—c1)g2+(az—cz)d4] >0

(i) Rearranging (2.A11) gives

L1 o5 vy —v(p) +v(H) —v(py)]
@ =5+ o . (2.A15)

D* = 3D + 20[(ay — ¢1)G, + (ay — c3)G1], my = a; — ¢y and m, = a, — c,.

The derivative of a; with respect to o is

—

1
D* [ﬁ + 5 [v(p1) —v(p2) +v(P1) — V(ﬁz)]l

acz{:(l>< -
9s ~ \D*? (08 +5 @) —v(p2) +v(B) —v(B)]) X

U | [BIv(®1) —v(p2) + v(P2) —v(p)] + 2my§; + 2my44] | )
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) 9 da;
When a} > a3, “1 L > 0. Conversely, when af < a3, =% < 0.

(iii) From (2.A11), differentiating a; with respect to ¢, yields the following

daj (
()]
.

[D* (3)2v o+ v'(ﬁl)]] ]

’ N <o
(o + 5[ L0 M B ) (P 20 e+ OO

9
One can conclude < 0and 2%

9es > 0.

(iv) After inserting (2. A8) into (2. A5), the profit-maximising fixed fee can be
rewritten as

« Ty ~
F =fi + ——a;(a; — c))q;.
a;
After considering the neighbourhood of a;, one may find that

dF; da;

L

D .
da; aal< ) ~a; (8 = (@ =) <0

d A : . :
because 6—2“ 0. When network i decides to increase its access charge in stage 1
Yai=a;

of the game, it also decreases its fixed fee in the later stage.

Analogously, In the neighbourhood of a;, one can conclude that

o3

il q +aaj(D)+zaaj( )3; < 0
—_— = —;q; _ — —\a; — C; .
aal- ]q] aai o aai ] ] i
: d . . .
since a;:- < 0. When network i increases its access charge, network j decides
tlei<ai=a;j

to reduce its own fixed fee in response.

91



2.5.7 Proof of the degree of substitutability in a shared-market

equilibrium

To focus on a shared-market equilibrium, the denominator of (2. A1) should
be positive.

1+a[v(®y) —v(p) +v(P2) —v(p)] >0

1
p > —[v(P1) —v(p) + v(P2) —v(p2)]

pE {pl'pz, 251;252} whereas p,* = 2cy, p," = 2¢5, P71 =¢; +ay, P, = ¢, +a; and

m; = a; — Cj.

2
Substituting v(p) = % -p+ p? in the above expression yields

l> (c; —¢c)?*+(my+my)(1—c —c)—l(m2+m2)
o 2 1 1 2 1 2 2 1 2

Therefore, the degree of substitutability (¢) must not be too high when compared

with cost differential in order that a shared-market equilibrium exists.
2.5.8 Proof of Remark 2.2

Both networks are regulated to set their access charges at cost, a;, = c;,

a, = c,. According to (2.A7), network 1 gains larger or equal market share when

1 v(p) —v(p:)
2l—v(@;") +v(p")

p*=2c,and p;" =P, = ¢ + cy. Thus,é = —%[v(ch) —v(2c)]; B < ,[? < 0.

. In this scenario, the equilibrium prices are p;* = 2¢4,

B =

2.5.9 Proof of Proposition 2.5

Under the symmetric regulation, a; = ¢;, a, = ¢, p,* > P, , P; > p,* and

P~ = P, . From (2.A5), the fixed fee of the low-cost firm (network 1) is

P*—"i' —
a .
1 1 10_
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The fixed fee of the high-cost firm (network 2) is
. D
F2 ES fz + 0(2 ; .
Suppose a; > a, and f; = f, with no access mark-up, it is found that F;" > F.

According to (2.A8), when the symmetric regulation is imposed, access
revenue vanishes and each firm earns profit only from its fixed fee revenue. The

equilibrium profit is shown below.

If a; > ay, 1} — 5 = (a? — a3) [%] > 0. As a result, network 1 with larger market

share has higher profit than network 2.
2.5.10 Proof of Proposition 2.6

This scenario focuses on the situation where the established firm with low cost

(network 1) is dominant in the market (al* > %)

(i) When the two networks’ access charges are set at cost by regulation (a; = ¢;

_ 6a1(1D)>>0
B “Zaaz o

and az = Cz),

*
am;

da,

Ay=Cy

- 60{1*
since —
6a2

<0.

ay=Cy

After considering the above derivative in the neighbourhood of a, = c,,
network 2 increases its access charge to gain more profit. As a result, the market share

of the low-cost established firm decreases while that of the new firm increases.

(if) The new firm can set a, arbitrarily under the asymmetric regulation. By

considering only at point a; = ¢; and a, = ¢, , one may rewrite (2. A5) as
Fy + D
= ap—.
1 fl 1 o

93



Taking differentiation of the profit-maximising fixed fee with respect to the new

firm’s access charge shows

oF; L da,* (D
a_az = a,"(—§1) da, (E)
When the regulator sets a; = ¢; ,ata, = ¢, ,
OF; n day* D
6_612 ay=cy STt day lay=c, (;>
az=cy az=cy
where
dai” 0q,(T" - D)
0a; =, D2
az=cy

Substituting T*|ai=c; = % +of +o[v(p) —v(pz)] + D and D* |az=c; = 3D in the
az=cy

az=cy

above derivative of fixed fee yields the following.

0F; B . (aql(’ﬁ‘* - D) > (]D))
Dty layec, =—a; D* 2 =
az=cy
= o't~ (5 (57)a
=—a; D* D* q1
_ . A 1 0 ( D > ~
=—01 aq 3D q1
* A * 1 A~
=—a;"g;—(1-a )(§>Q1
1 2 N\,
- (3-3m)e
Since a;*|ai=c1 > L <0
1 aé:c; 2" dazlai=cq
az=cp

The new firm has incentive to set a mark-up on access charge. When the new

firm sets its above-cost access charge, the market share of the low-cost established
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firm decreases. Then, the established firm adjusts to the new equilibrium by reducing

its fixed fee in order to compete with the new firm.

One may consider the effect of the new firm’s access mark-up on its own fixed
fee from (2. A5) and find that

D
Fy=fH+0- “1*)5 + (1 - 2ay")(a; — ¢3)q;.

0F; . R Jda;" D . PR
_6a2 =1 -a)[-q:] - 2a, P + (1 -2a:M)[(az —c)q," + ¢4
At a, = Cy,
g - |2 ) E)| +a-2a
— =1—-a )(— — — - 2a
aaz a1=c1 1 ql aaz a1=c1 O- 1 ql
az=cyp az=cy

day”

* A

=—0 q1 —

@)
ai=cq o

az=cz

da,
da,” _0q,(T" —D")

2
ai=cq D*
az=cz

da,

Substituting T*| =% =~ + o + o[v(p) —v(p)] + D and D | “= = 3D in

az=C2

the derivative of the new firm’s fixed fee gives the following.

OF;

aaz al=cq
az=cz

0q,(T* — D) (]D))]

=-—a;"q; — [ D2 o

= -+ (C5—) (57)
=—0a q1 D" D* q1

* ID A
=—a;"g;+(1—a;) (STD)) q1

* 1 A
=—a;"; +(1—a;y") (5) q1
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. 1 O0F . . .
Since a;*|ai=c; > =, = < 0. When the new firm’s access charge increases, its
az=cy 2 aaz ai=cq
az=cyp

equilibrium fixed fee decreases.

The effect of the new firm’s access mark-up on its own fixed fee is

4 1y
- (-3 +3)a

0F;
da,

ai=cq
az=cyp

The effect of the new firm’s access mark-up on the low-cost established firm’s fixed
fee is
oF;
da,

ai=cq
az=cyp

Comparing these two effects gives

1 2 . 4 1\
(-3-3@7) < (-3 +3)a <0

Hence, the effect of the asymmetric regulation on the low-cost established firm’s

fixed fee outweighs the effect on the new firm’s fixed fee.
(iif) From (2. A8), the new firm’s profit is
* 2 HD ~
T = Q; [E + (a; — Cz)%]

am;
da,

. da, [D R
= a%(az —C2)q'1 — 2a; _6a [E + (a; — Ctz)‘h] =0
2

When the low-cost established firm sets access charge at cost by regulation, at a, = c,,

om; da; (D
——2,29(%) 50
dayla;=c, da, \o

az=cy
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This is because at a, = ¢, , % < 0 and D > 0. Cost-based access charge is not the
2

profit-maximising outcome. When Network 2 can set its access charge, it increases
access charge with access mark-up. Accordingly, its profit is higher than that under

the symmetric regulation.

From (2. A8), when the low-cost established firm is regulated, it has no profit

from access revenue. Its equilibrium profit is shown below.

D
= af (3)

om;y 2/ (py) + 2 daq (]D)
— = ajv a,— [—
aaz a1=C1 1 pl 1 aaz O-

az=cp
omy da; (D

2 PN

= a7 (—q,) + 20y — (—)
daylay=c, 1= Y9a, \o

az=cy

Since 24 <o, M <0.
daz az=Cz day az=Cy

2.5.11 Proof of Remark 2.3

Under the asymmetric cost-based access charge regulation, a; = ¢4, a,* > ;.

According to (2.A7), the low-cost established firm has larger market share when
1 A K * A K * ape . * %
B>—sv(E) —v(p) —v(p2") +v(pa )] In equilibrium, p,* = 2¢y, p," = 2cy,

P =ci+ay,* and p,” = ¢ + c,. After substituting the equilibrium prices in the

above expression, ﬁ = —%[v(cl +a,”) —v(2cy) —v(c; + ¢3) +v(2cy)] > [? > f.

2.5.12 Proof of Proposition 2.7a

This section focuses only on the case in which the low-cost established firm

(network 1) is dominant with larger market share.

Rearranging (2.A15) by replacing a,* =1 — a4 in the equation, one can

obtain
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1 (o) + 3 [v(p2) = v(py) + V() — v(py)]
2 + D* '

(2.A16)

M, = (—aB) + % [v(pz) —v(p1) + v(P,) — v(P,)] and inserting it in (2.A16) yields
the following expressions.

_ _ 1 n Mzunreg
) = 4 __“Ueg
unreg 2 D* unreg

= (~0p) + 5 [v(262) = v(26)) +v(e, + @) — v(es + 0,")]

Zunreg

—v(2¢c,) —v(2¢y)
D* ynreg = 3 + 30 +20m{ g, +20m,q;
+v(cy, +a;") +v(c, +ay’)

1 Mzsym

a, = =+
2s5ym 2 D* sym

Mz, = —0B + % [v(2¢y) —v(2¢y) + v(cy + ¢3) —v(cy + ¢3)]

D* ym = 3+ 30[-v(2c;) —v(2¢y) + 2v(cy + ;)]

In the unregulated market, both networks choose p,* = 2¢4, p;" = ¢, + ay”,
p,* = 2c, and p," = ¢, + a,*. Under the symmetric regulation, the market outcome is
Pt =2¢,P1 = ¢+ 00" = 2c, and P, = ¢ + ¢, After substituting these market
outcomes in the above expressions, one can find that Mz preg <0 certainly and

My, <0 in most situations where B is not too strongly negative. A comparison

between “zzym and ay;,. ., . is shown below.

MIZsym Mzunreg

* *
a2 sym 2unre g

D* sym D* unreg
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m; IS access mark-up of network i. Suppose network 1 is the dominant established

firm, m; > m3 in the unregulated market,*” one may write the following expressions.

_(mg + m§)>] >0

o
Mzsym - Mzunreg = 2 [(m1 —m;) (9 2

*2

m
D* sym — D* unreg = 0 (le* + 71 + sz* + mz*z) >0

It is implied that, D" g, > D* g > 0 > Mz > Mzyey; accordingly,

* — * * *
azsym azunreg > 0and azsym > azunreg :

Due to Oy < 0, network 1’s market share decreases when network 2

az A=Cy
raises its access charge. In other words, under the asymmetric regulation, network 2

sets a mark-up on access charge and expands its market share. Thus, a; ; ym < Q2 s ym

In summary, aZ;nreg < “Z;ym < “zzsym and “h*mreg > al:ym > al;sym .

2.5.13 Proof of Proposition 2.7b

One can rewrite (2. A8) as the equation shown below.

2 1D
* _ N unreg N A
T[Zunreg - ( azunreg) [ o + mzunregql]

T * _ a * 2 DSym
2sym — Zsym o

]D)asym " A~ ]

2
* _ *
T[Zasym - ( azasym) [ + m'zasqu1

where
v (c1 +c,+ mzunreg) —v(2c¢y)

Dynreg =1+0
+v (c1 +c,+ m{unreg) —v(2¢y)

% See proof in the appendix (Section 2.5.4).
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Dgym = 1+ 0v(cy + ) —v(2¢;) +v(cy + ) —v(2¢;)]

Dgsym = 1+ 0 [v (cl +c, + m}asym) —v(2¢cy) +v(c; +¢y) — v(ch)].

am;
6a2

H * * * *
Since 2 gsym > X2gym >0 and a,* > Cz(mzasym > 0), one can

a1=c1
az=cp

conclude that ﬂZZsym > nZ;ym :

]D)unreg mt ~ | ]D)sym
o 2um‘egq1 o
2
m; (mi )
_ unreg o " unreg
=-— mlunreg+(c1+c2)mlunreg+—2
X 2
(mlunreg)

<0

It is concluded that the expression [—miumeg + (¢, + cz)mjunreg + .

since v'(p) <0 and v ((:1 +c, + m{unreg) <v(cy +c,). The first term is also

negative because m; .

Dunreg * ~ ]D)sym H
g > 0. Thus, [T + mzunregql] < [T] The previous

section shows that azjjmreg < aZ;ym. Therefore, T[Z;aneg < nzzym- In conclusion,

* * *
7Tzunreg < 7-L-Zsym < nzasym :

Differentiating (2. A8) with respect to a, yields the following expression.

omy a0 42 day []D] <0
aaz a;=cq N al ql % aaz o
az=cCy

60{1

where 0, l=cr < 0.
ap=Cy

At a; = ¢q, if network 2 increases its access mark-up (a, > c¢,), network 1

inevitably loses its profit due to the asymmetric regulation, i.e. nlzym > ”1Zsym .
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2.5.14 Proof of the effect of the asymmetric regulation on

aggregate consumer surplus

According to (2.9), differentiating the sum of net utility of network 1’s

subscribers with respect to a, yields the following equation.

da;(wy + B)
—aq, " 2V (pl) (@ -V () +( —zal)v(pl)—
JdF; day N Jday
%1 da, 1 9a, da,

d
= ai [2a,v(py) + (1 — 2a)v(P1) — F; + B]

oF,
+(a; — aiv' () —ay— 7a
a,

The sign is ambiguous. The asymmetric regulation (a, > ¢,) may not guarantee

an increase in the total of net utility among the consumers of network 1.

The effect of a, on the sum of the net utility of network 2’s subscribers is

a(1 —
00— a)ws _ o - a)v(ps) o L1 20)v(p) 22
aaz a 2
(')Fz aal
—(1—-«a —F
(-ag +5.2F
da,
= a—[ 2(1 —ap))v(py) + (1 = 2a)v(P,) + F,]
JF,
-1-ay) a—z
At az = C2 y
(1 —a)w, da,
—_— = —[-2(1 — av(p,y) + (1 — 2a))v(py) + F,]
da, da,
ay=Cy
oF,
-1-ay) 90,
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Note that 2% <0 & < 0.
6 aaz a2=C2

az ay=Cy

The sign is also ambiguous. The asymmetric regulation may not guarantee an increase

in the total of net utility among the consumers of network 2 either.

The effect of the asymmetric regulation on the total disutility is shown below.

a [alz + (1 - al)z] a 2“12 - 2(11 + 1
40 _ 4o
da, B da,
1 day
=|—)Qa; —1)—
(20) (2, ) da,
At az = CZ y
9 [[0512 + E}l - a1)2]] " 9
o a
=|—)2a; —1)|=— <0
da, (20)( “ )<6a2 a2=Cz>
az=Cz
where % < 0and a;*|ai=c; > % in case network 1 is the dominant established
2lai=cq az=cz

az=cp

firm. The asymmetric regulation can decrease the total disutility.

Consequently, the derivative of consumer surplus with respect to network 2’s

access charge is as follows.

acs day N 1y . Oaq 0F;
30, 2“11/(191)6—(12 + (a; —ap)v'(p) + (1 - Zal)V(Pﬂa—az - ala_az
aal aal aa1 aal
—F,— +p— —2(1 - — +(1-2 ) —
1 da, + B da, ( a1)v(pz) da, + ( a1)v(P,) da,
JF, da, 1 da,
—1l-a)— +—F +—0-2a)—
( al) aaz + aaz 2 + 20-( al) aaz

Substituting F;" and F; from (2. A5) in the above equation and rearranging it yield the

following.
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1
31— 2a) |+ ) + v(B) — v — v ()| + B 1
da, 2 1/ T
v [—(1—al>v<pz>+v(p1>——<1—2a1)——<D* T)J

1
31— 2a,) |-+ v() + v(B) — ()~ v()| +

= | #0001 + o) +2|(5) () - (D*T:ZT*)]

|
)

60.'1

Note that < 0,- + v(p,) + v(p,) — v(py) — v(p,) > 0. After considering only

the case of a shared-market equilibrium where network 1 is dominant, one can find

%2

out that( )(ZTD*D ) - (D?_T*) < 0. If g and o is not too high and cost differential

IS not too significant, it is likely that an increase in network 2’s access mark-up

enhances consumer surplus (Z% > 0)
2.5.15 Proof of the effect of the asymmetric regulation on
aggregate producer surplus

Differentiating (2.10) with respect to a, yields the following expressions.

dPS omy am;
da, lai=c, B da,lai=c daylai=ci
Ay=Cy Ay=Cy aAz=Cy
omy 26 49 Jday []D)] <0
=—a a— |—
aaz a;=c 14 1 aaz o
ay=Cy
om, 201 ) [ ]
= — — ) ——
aaz a;=¢c; 1
az=Cy
h 60_'1
where = a,=c, <0.
a2 Cy
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oPS

6a2 a1=¢
apy=Cy

:—“%EH 2“16 2[ ]—2( —al)aal[ ]

= —a2q, - 2(1—2a1) [ |

d
2% <0.

a,{=cq
az=Cy

where a; Ia; a > = 2as

Therefore,

0PS

% a;=c B al CI1 2(1 B 26!1) [ ]
2

a,=Cy
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Chapter 3

Infrastructure Sharing in

Telecommunications

3.1 Introduction

In the broadband internet market, the upward trend is towards next generation
access network, e.g. fibre optic network, with high capacity to satisfy the increasing
demand for high-speed internet.®® In addition to high quality of service, network
operators may gain advantage from cost reduction and product differentiation in
consequence of the advanced technology. However, investment in new technology for
quality-enhanced or value-added service involves a large amount of funding. A firm
must incur high investment cost in building its own infrastructure if it chooses
facility-based entry (a conventional mode of market entry). In accordance with entry-
facilitating policies by regulators, an entrant may choose service-based entry and pay
a fee (access price) to the incumbent in return for leasing access network from the
incumbent’s facilities. In line with the ladder of investment (Cave, 2006; Cave and
Vogelsang, 2003), this mode of entry can stimulate competition in the retail market
when facility-based entry is not a feasible option for an entrant because of a lack of
funding and the unprofitable duplication of facility. Additionally, co-investment is an
alternative to conventional investment to hasten the advanced-technology deployment,

% Likewise, in the mobile telecommunications market, 2G wireless technology has gradually
been replaced by 3G and most recently 4G with the prospect of higher technology which
enables consumers to enjoy not only voice service, but also value-added non-voice services

such as data transfer and the Internet according to technological convergence.
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especially in the areas with low demand and high investment cost. The co-investors
may separately build their own infrastructure in the high-demand areas and agree on
co-investment in the low-demand areas in compliance with the coverage obligation.
Moreover, from the engineering aspect, some co-investors have contracts to share
only a small portion of selected facilities, while other co-investors agree to share the
whole infrastructure.®* It is asserted that cost saving is proportional to the intensity of

infrastructure sharing (Beckman and Smith, 2005; Song, Zo and Lee, 2012).

The optimal approach to stimulate investment in quality upgrade, especially
the next generation network deployment, has been a debatable issue for over a decade
under a tension between static and dynamic efficiency, as discussed in both
theoretical and empirical literature. The concept of local loop unbundling has long
been implemented to encourage service-based competition, but it is claimed that this
approach cannot promote investment and innovation in the long run (Bacache,
Bourreau and Gaudin, 2014; Bouckaert, van Dijk and Verboven, 2010; Briglauer,
Ecker and Gugler, 2013; Briglauer, Gugler and Haxhimusa, 2015; Crandall, Eisenach
and Ingraham, 2013; Grajek and Roller, 2012). Other infrastructure-sharing approaches
have been critically discussed in the context of dynamic efficiency. The related
studies examine the effects of co-investment in several aspects. Most of them focus
only on how co-investment induces the extent of investment in the absence of firm
asymmetry (Bourreau, Cambini and Hoernig, 2013; Cambini and Silvestri, 2013;
Nitsche and Wiethaus, 2011). Nevertheless, telecommunications firms are usually
asymmetric, especially in the immature market with a rapid change in technology.
This leads to differences in cost structure and demand, discrepancies in service quality,
predatory behaviours by the dominant firms and collusion that have significant effects

on social welfare and the advanced-technology deployment in the future.

* In mobile telecommunications, due to a large amount of investment in base station, mobile
network operators (MNOs) may outsource these facilities from a third-party company, e.g.
TowerCo, which provides only costly facilities such as base station, tower and mast, feeder
cables, antenna system and other equipment. The agreements vary from full sharing, roaming
and mobile virtual network operator (MVNO) in order to satisfy the coverage obligation,

especially in the rural areas with low business potential.
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This study aims to investigate firms’ decisions on the extent of quality upgrade
for advanced-technology services when other approaches of infrastructure sharing,
especially co-investment, are alternative modes to launch new advanced services.
On top of the various agreements, this model captures an issue of firm asymmetry,
where firms’ cost structures vary. This study reveals that co-investment promotes
higher consumer welfare than the fully-distributed-cost regulation in spite of lower
investment in quality upgrade. However, compared to stand-alone investment, co-
investment brings about a welfare-undermining compromise over quality upgrade when
infrastructure sharing induces a considerable amount of incremental cost of sharing
facilities and operation. Therefore, in contrast to what telecommunications firms
usually claim, co-investment may not be an appropriate way to stimulate the
advanced-technology deployment in some situations. The regulator should closely
monitor the co-investment negotiation on the grounds of tacit collusion, especially

when firms have cost asymmetry in the advanced-technology deployment.
Relevant literature

The related literature emphasises that access price has a crucial effect on the
degree of competition under infrastructure sharing in the presence of service-based
entry. The facility-based incumbent may promote its wholesale profit and place the
service-based entrant at a disadvantage by setting high access price. An increase in
wholesale price causes the retail price to go up and finally dampens the competition
(Bourreau, Cambini and Dogan, 2012; Bourreau, Cambini and Hoernig, 2015).
Meanwhile, low access price can promote market competition by facilitating service-
based entrants to enter the market feasibly. Thus, for the purpose of static efficiency,

cost-related access price regulation tends to be necessary.

However, from a dynamic perspective, access price has a significant effect on
investment in advanced technology. Low access price may discourage the facility-
based firm from investing in higher technology because it cannot extract substantial
profit under the regulated infrastructure sharing with low access price (Bourreau,
Cambini and Hoernig, 2015; Cambini and Silvestri, 2013; Cambini and Valletti, 2003;
Godinho de Matos and Ferreira, 2011; Kotakorpi, 2006; Nitsche and Wiethaus, 2011;
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Vareda, 2010). On the other hand, high access price can encourage investment in the
newer technology roll-out (Vereda, 2010), and it also stimulates entrants to duplicate
infrastructure instead of choosing service-based entry. Nitsche and Wiethaus (2011)
compared the outcome of four different approaches of infrastructure sharing,
including the regulatory holiday, the fully-distributed-cost regime, risk-sharing by co-
investment and long run incremental costs regulation (LRIC). They supported that
service-based entry under the cost-based access price regulation (LRIC) leads to the
smallest extent of next generation network (NGN) deployment and consumer welfare.

In addition, risk-sharing by co-investment boosts the highest consumer welfare.

Compared to stand-alone investment, co-investment is claimed to stimulate
investment in quality-enhanced services (Cambini and Silvestri, 2013; Nitsche and
Wiethaus, 2011) and finally promote social welfare (Cambini and Silvestri, 2013;
Foros, Hansen and Sand, 2002; Nitsche and Wiethaus, 2011). Moreover, co-investment
gives an incentive to co-investors to expand their coverage under some conditions in
the context of multiple-area competition (Bourreau, Cambini and Hoernig, 2013;
Kramer and Vogelsang, 2014). Cambini and Silvestri (2013) examined the broadband
market in the setting of a la Cournot in a single area under three different alternatives
of investment; (1) no investment sharing with a cost-based access price charged to a
service-based firm, (2) basic investment sharing without side payment and (3) joint-
venture agreement with side payment. It is found that the joint-venture agreement
yields the greatest incentive to invest in new technology. Despite the highest level of
advanced technology, the joint-venture agreement may soften competition because the
joint-venture firms will collude to set the above-cost reciprocal side payment. As a
result, the joint-venture agreement with the side-payment collusion and the cost-based
access price regime with less investment incentive both yield lower consumer surplus

and social welfare than the basic investment sharing.

Furthermore, Bourreau, Cambini and Hoernig (2013) captured the effect of co-
investment on firms’ decisions about coverage expansion. In that setting, it is assumed
that investment cost structure may change after the co-investment agreement according
to benefits or additional costs from sharing infrastructure. Post-sharing investment

cost may decline due to a reduction in financial risk. The investment cost probably
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increases because of incremental cost of additional technical equipment for operating
two networks on the shared infrastructure. Similar to the present study, they concluded
that co-investment promotes coverage expansion when service differentiation and the
benefit from cost reduction are sufficiently significant. Additionally, it is also found
that substantial access price encourages an entrant to enter into the co-investment
negotiation rather than choose service-based entry. The positive effect of co-investment
on coverage expansion is also asserted by the more recent experimental evidence
(Kramer and VVogelsang, 2014). The existing literature shows support for co-investment
in expectation of the advanced-technology deployment. However, the present study
cautions that co-investment may not be an appropriate approach to hasten investment

in quality upgrade in some situations.

This study is organised as follows. The model is introduced in Section 3.2.
Section 3.3 and Section 3.4 reveal the analysis of the equilibrium outcomes and the
comparison of stand-alone investment and other approaches of infrastructure sharing

respectively. Finally, the conclusion is in Section 3.5.
3.2 Model

This study concentrates on telecommunications services, especially broadband
internet service with massive investment in advanced technology, which is an onerous
burden for network providers and entrants. There are two firms investing in next
generation technology in one region. The quality of new technology varies according

to the level of quality upgrade that the two firms choose.*®

% This study bases the model on the competition in the broadband internet market. The firms
have been racing for higher quality through the next generation network (NGN) such as fibre-
to-the-home (FTTH), and the issue about co-investment in NGN has been hotly debated.
However, this model can be applied to the next generation mobile network which is heading
to 4G or a more advanced generation with technology convergence. Another application is
quality enhancement on the existing technology. The speed of data transfer, a reduction in
data traffic congestion, sustainable connectivity and customer service may be taken into

consideration for the purpose of strategic planning.
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Cost

It is assumed that the investment cost of new technology deployment * when

firm i chooses to roll out its advanced service at the level of quality upgrade s; is
ai
ci(sy) = ?Siz-

c/(s;) > 0andc/'(s;) > 0. a; is cost parameter; a; > 0 and s; > 0, where i € {1,2}.%
Therefore, investment cost strictly increases with s. For simplicity, constant marginal
production costs of services are normalised to zero for both firms.*® Instead, this study

emphasises cost asymmetry in investment cost structure where firm 1 has lower cost

than firm 2.%° @, < @, and A, denotes a cost-asymmetry parameter; A, = % > 1.
1

% The investment cost is the fixed cost involved with the advanced service rollout such as the
fixed cost of facilities and operation according to a selected level of quality upgrade.

% To upgrade basic service to advanced service, firms need to invest further in infrastructure
to facilitate the newer technology. In addition, investment cost of advanced technology
deployment may vary among areas with different geographic landscape, nature of demand and
population density. However, this model assumes only one region and omits the coverage issue.
% In the telecommunications markets, the quality-enhanced infrastructure involves an enormous
amount of fixed cost in comparison with a negligible amount of variable production cost
corresponding to unit of demand or subscriber. Thus, for simplicity, it is assumed that marginal
production cost is constant regardless of the quality-upgrade level. Nevertheless, the firms’
decisions on the quality-upgrade extent may have an impact on the structure of variable
production cost and then marginal production cost. For instance, the advanced technology
may be developed to serve a higher quality of telecommunications services, and it may also
reduce the associated variable production cost.

% This model is set up on the assumption of perfect information on firms’ cost structures. Both
firms have complete information on each other’s cost structure. The incumbent’s cost may be

observed through its strategic behaviour and its obligation to reveal its cost structure to the
regulator. Likewise, the reputation of the entrant as an international corporation or as an

existing service provider in other regions may signal the entrant’s cost structure in this region.
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Demand

Following Foros (2004) and Kotakorpi (2006), representative consumers are
uniformly distributed with different levels of willingness to pay for basic service on a
continuum of (—oo, a]. They will gain additional utility from quality upgrade. Some
consumers who have too low valuation of service will not subscribe. Under the

assumption of unit demand,* a representative consumer’s valuation for firm i's service is
v+ S(s;).

v is willingness to pay for basic service, varying on the interval (—oo, a] among consumers.
S(s;) is additional utility from the quality upgrade of firm i’s service where firm i

chooses the extent of quality upgrade at s;; s; = 0and S(s;) = 0;i € {1,2}

If firm i decides not to upgrade its basic service, s; = 0 and S(s;) = 0. To
simplify the model, all consumers have homogeneous additional utility from the
quality upgrade in the following form:**

S(s;) = ws;

with parameter w > 0.%

“* The unit demand assumption is reasonable in the telecommunications sector. For example,
in the broadband internet market, one household normally chooses to set up an internet
connection to one internet provider in purchase of unlimited internet usage with a monthly
fee. It is also seen in the mobile market where mobile network operators usually offer a
monthly package of mobile usage including calls, texts and internet connection.

! This model assumes the additive form of utility from service quality upgrade that affects all
representative consumers in exactly the same way (Foros, 2004; Foros, Hansen and Sand,
2002; Foros, Kind and Sand, 2005; Kotakorpi, 2006). Additionally, the discrete choice theory
of product differentiation incorporates the product characteristics such as quality into the
utility function in the additive form (Anderson, de Palma, and Thisse, 1992, ch. 6 and 9).

2 As assumed by Mussa and Rosen (1978) and Valletti (2000) in the light of vertical
differentiation, a consumer’s utility for a particular product is simply derived from the
multiplication of his taste parameter and the product quality level. In other words, a

representative 6-taste-type consumer has constant marginal utility of quality equal to 6.
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This model is based on Cournot competition. Firm i offers the quality-upgrade
extent (s;); i € {1,2}. Thus, the firms probably choose different levels of quality
upgrade in the competition. A representative consumer evaluates the two services. He
will subscribe to the firm that offers higher net utility whenever his net utility is still
positive. For example, the consumer will buy firm i’s service instead of firm j’s

service under the following condition.
U+w5i_pi >U+G)S]—p]

where p; (respectively p;) is retail price of advanced service of firm i (respectively

firm j) with the quality-upgrade extent of s; (respectively s;); i,j € {1,2} and i # j.
Quality-adjusted price of firm i is
Py =p;—ws;; i €{1,2}.

In this competition, firm j will be cornered if its quality-adjusted price (P;) is still
higher than firm i’s (P;). This is because every consumer will give higher valuation to
firm i’s service than firm j’s service. This study aims to shed light on the shared-
market equilibrium where both firms are still active in the market. Therefore, the

quality-adjusted prices of both active firms’ services must be equal, otherwise the firm

Moreover, in the telecommunications industry, the majority of consumers are likely to be
concerned with high quality. They easily adopt advanced technology with higher quality and
capacity. Ofcom (2015) revealed that in the UK, smartphones have been rapidly adopted,
especially among respondents aged 16-24. It also reported that 61 per cent of mobile users in
2014, compared to 26 per cent in 2010, claim to possess smartphones.

Additionally, in the real business world, firms investing in higher quality technology can
also operate low-quality or standard service on the same platform in order to compete in the
niche market, targeting consumers who choose a lower quality service. Therefore, this study
narrows down the various consumer types to just one consumer group with the identical taste
parameter w, and the additional utility follows the linear functional form corresponding to
constant marginal utility of quality. This study excludes the issue about classical vertical

differentiation.
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with higher quality-adjusted price would be driven out of the market. The quality-
adjusted price satisfying the shared-market equilibrium (P) is shown below.

P=P =P =p —ws; =pj — wsj

In this context, the industry output level (Q) is the number of consumers who
subscribe to either service. A consumer whose utility is higher than or equal to
quality-adjusted price (P) will participate (v — P = 0). According to the assumption
of uniformly distributed population and unit demand, the total number of subscribers
is a — P at quality-adjusted price P. It is implied that the aggregate demand function
iSQ =a—Pand Q = q; + q,, Wwhere g, and g, are the quantity levels that firm 1 and
firm 2 choose to serve, respectively.”® Thus, the inverse demand function faced by

firm i is derived below.
pi = a+ ws; —q, —q, Wherei € {1,2}. 3.1)

Firm i’s price (p;) corresponds directly to its choices of quality upgrade (s;) and

output level (g;).**

* To invest in new technology infrastructure in telecommunications, the facility capacity
should be planned together with business strategy. For instance, firms decide on access
network’s location and capacity to serve the targeted households with their broadband internet
services. Another example is that mobile network operators plan for the allocation of mobile
numbers by the regulator.

As seen in the studies of Brito, Pereira and Vareda (2010), Cambini and Silvestri (2012),
Cambini and Silvestri (2013), Foros (2004), Foros, Hansen and Sand (2002), Kotakorpi
(2006) and Nitsche and Wiethaus (2011), setting up Cournot competition instead of price
competition is reasonable in these settings. However, most relevant studies show that the
outcomes of various competition models are not significantly different and they draw the main
conclusions in a similar way.

* The aggregate demand function in this given areais Q = a — P.
After replacing Q with g, + g, and P with p; — ws;,

q1+q2 =a—p;+os;.
Thus, pi =a+ ws;—q1— q;.
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This study examines the effects of infrastructure sharing on the firms’ decisions
on quality-upgrade levels of advanced services. The model is designed to capture the
competition regarding different approaches of infrastructure deployment. In this
study, there are three practical approaches, introduced in the following cases.

Case 1. The two facility-based firms separately invest in quality

upgrade (stand-alone investment).

The two firms are assumed to be asymmetric in investment cost structure of
advanced service. They decide to invest separately with no infrastructure sharing and

maximise their own profit. Profit functions are
aq
ny1 = (@ + wsy1 — qv1 — qn2)qn ‘751%11 (3.2)

a
Tyz = (@ + wSyz — qn1 — qn2) N2 —7251%12 (3.3)

where Qy = qy1 + qna.

Timing of the game

This model is set up in a static framework. Each firm makes a one-shot
decision on the extent of quality upgrade for advanced-technology service (next
generation network) in the following two-stage game, solved by backward induction.

Stage 1 The firms choose the extent of quality upgrade simultaneously (sy1,
Sn2)-

Stage 2 The firms simultaneously choose their service quantity levels (qy1, qn2)-

In this setting of Cournot competition, firms decide on quality upgrade in the investment
stage, and they later choose their output levels (the number of their subscribers to be served).
Suppose the investment stage is exogenous, at a given pair of firms’ quality-upgrade levels,
firms choose their own output levels which lead to the market-clearing quality-adjusted price
(P) and then their retail prices (subscription fees) must correspond to the quality-adjusted
price in the shared-market equilibrium. When the investment stage is endogenous, firms
strategically plan their quality upgrade. Their retail prices must correspond to the firms’

decisions on the extent of quality upgrade and output levels in the shared-market equilibrium.
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Case 2: The two firms agree on co-investment.

After the agreement, both firms choose the extent of mutual quality upgrade
(s¢).” The low-cost firm shares its facilities and technology with its rival. Cost
structure may change after accommodating the operations of the two firms instead of
only one firm. cgparing is the investment cost after the agreement of infrastructure
sharing, which facilitates both firms’ services based on the low-cost firm’s facilities.

Csharing(Sc) = %55-
¢ is a positive cost-adjustment parameter of infrastructure sharing. ¢ = 1 when the
infrastructure can be shared without any additional cost. ¢ > 1 when firms incur
additional cost of equipment and operation in order to enable the two services to run
on the shared infrastructure. ¢ < 1 when cost saving from infrastructure sharing
outweighs the additional cost.*® The two firms negotiate on co-investment to reach a
bargain on the basis of Nash Bargaining Solution. After a successful negotiation, they
mutually choose the extent of quality upgrade (s;) and agree to portion the total
investment cost. S is the proportion of the total investment cost that firm 1 pays and

firm 2 takes on the rest of the total investment cost burden, 1 — 3.

* 1t is assumed that consumers’ preferences for quality-enhanced services offered by both
firms are not different because both services run on the shared infrastructure at the mutual
quality-upgrade level on the assumption of no firm-specific preference.

“ To guarantee the existence of a successful negotiation on co-investment, ¢ > 0 and ¢
should not be too large in order that both asymmetric firms agree to share investment cost; i.e.
the equilibrium proportion of total investment cost of the low-cost firm is positive, §* > 0.

When infrastructure sharing causes a large amount of additional investment cost (¢ is too

large), it is more likely that 8* < 0 because %—i < 0. If B* <0, the low-cost firm does not

embark on setting up facilities at all and the infrastructure-sharing agreement on using the
low-cost firm’s technology cannot occur. Consequently, the equilibrium under co-investment

does not exist in this case. See proof in the appendix (Section 3.6.2).
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Profit functions are

P
Ter = (@+ WS¢ — qc1 — qc2)c1 —,37155 (3.4)
P
ez = (@ + wse — qc1 — qc2)qc2 - (1 — ﬁ)Tlsg (3.5)

where Q¢ = q¢1 + qca.

Timing of the game

The following two-stage game is solved by backward induction in a static
framework. Both firms successfully reach an infrastructure-sharing agreement on the
extent of mutual quality upgrade (s.) and the allocation of the total investment cost
(B) following Nash Bargaining Solution in stage 1. Then, they enter Cournot competition
in the retail market in stage 2.

Stage 1 The firms negotiate on the extent of mutual quality upgrade (s;) and
(B) on the basis of Nash Bargaining Solution.

Stage 2 The firms simultaneously choose their own service quantity levels

(9c1s 9c2)-
Case 3: Access to infrastructure under a fully-distributed-cost regime

The entrant with higher cost decides to use the incumbent’s facilities to deliver
its service in this region instead of building its own infrastructure. The incumbent is
regulated to give access network to the entrant in accordance with cost-based access
price. The payment is calculated on a fully-distributed-cost basis, and consequently
the investment cost of quality upgrade is shared on the basis of usage proportions. In
this case, the incumbent with lower cost (firm 1) unilaterally decides on the extent of
quality upgrade (sg) in order to maximise its own profit in response to this regulatory

regime.*’

*" To simplify the model, consumers perceive that the quality-enhanced service of the service-
based entrant does not differ from that of the incumbent which owns the infrastructure
because they run on the shared infrastructure with the same extent of quality. In other words,

consumers evaluate the services without firm-specific preference.
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Profit functions are

dpa dpa q
mpy = (@ + WSp — qr1 — qr2)qr1 ‘7151% + (Tl 51%) <QLF2> (3.6)
Ppa q
Tpy, = (@ + WSF — qr1 — qr2)qr2 - (Tl 51%) <QLF2> 3.7)

where Qr = qr1 + qpa.

The service-based entrant pays the total access charge of (%s%) (%) to the
F

facility-based incumbent according to the proportion of usage.

Timing of the game

As the low-cost incumbent, firm 1 gives access network to the service-based
entrant in the following two-stage game, solved by backward induction.

Stage 1 Firm 1 decides on the extent of quality upgrade (sz) to maximise its
own profit.

Stage 2 The two firms simultaneously choose their own service quantity levels

(qr1: r2)-
Consumer surplus

Consumer surplus can be calculated in the following way.
Consumer surplus is

5= (3) @ + ) (38)

k denotes the outcome of the three cases.
k € {N,C,F}where N denotes Stand-alone investment, C denotes Co-investment and

F denotes Fully-distributed-cost regulation.

3.3 Analysis

The market outcomes are different regarding the various approaches of the

infrastructure deployment in the three cases.
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3.3.1 Case 1: The two facility-based firms invest in quality
upgrade separately (stand-alone investment).

In stage 2 of the game, firm 1 and firm 2 have their profit-maximisation

problems, max,, . 7y, and maxg,,, Ty, respectively. From (3.2) and (3.3), the first-

order conditions are

0Tty

3 = a+wsy; —2qy1 —qn2 =0 (3.9)
qn1

om

a N2 = a + U)SNZ - qu _— ZCINZ = 0 (310)
dn2

Solving the above FOCs gives the equilibrium quantity levels as below.
" a 2 1 .. . .
qu-(le-,ij) =5+ wsy; = wsy; where i,j € {1,2},i #j. (3.11)

Substituting gy; in profit function (3.2) and (3.3) yields the following profit

functions in stage 1.
2 4
rer-(le-,ij) = (g + ga)sm - %a)ij) - %SI%“- where i,j € {1,2},i #j. (3.12)
Firm i’s problem is max,, my; . Differentiating the reduced-form profit
functions with respect to associated quality-upgrade levels gives the following:

omy _4 8 , 4
dsy; 9@ T g @SN Ty

w?syj — aisy; = 0 (3.13)

where i,j € {1,2},i # .
In equilibrium, the quality-upgrade levels of the two firms are

. 12awa, — 16aw?
N1 = 27a,a, — 24w?a; — 24w?a, + 16w*

(3.14)
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B 12awa; — 16aw?
27,0, — 2402%a, — 24w, + 16w*

*

SN2

(3.15)

Proposition 3.1

In the absence of infrastructure sharing, the low-cost firm chooses higher
quality-upgrade level and offers a greater number of subscribers with higher price
than the high-cost firm, i.e. sy; > Sy2, N1 > N2, Pn1 > P2 Finally, the low-cost
firm gains higher profit than the high-cost firm, i.e. Ty, > my,.

Proof See the appendix (Section 3.6.1).

The low-cost firm takes the dominant position because of its lower investment
cost in quality upgrade. Due to cost efficiency, it can invest more heavily in quality
upgrade to attract more consumers and gain larger market share and then make higher

profit than the high-cost firm whose quality upgrade is costly.
3.3.2 Case 2: The two firms agree on co-investment.

The firms agree to share the whole infrastructure for advanced service. In

stage 2, firm 1 and firm 2 have their profit-maximisation problems, max, . m¢; and

max, ., Tc, respectively. From (3.4) and (3.5), the FOCs are shown below.

0meq

3 = a+wsc—2q9c1 —qc2 =0 (3.16)
qdc1

0Ty

a =a + (,I)SC - qu — ZQCZ = 0 (317)
qc2

From (3.16) and (3.17), one can solve the FOCs and obtain the equilibrium

levels of service quantity as below.
qei(sc) = S+ ws, where i,j €{1,2},i # . (3.18)
Back to stage 1, substituting (3.18) in the profit functions (3.4) and (3.5) gives

1 2
el (se) = (§+§a)sc) - ﬁ%sé (3.19)
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1 2 )
Tey(se) = (§+§wsc) -(1—3)¢7“sg. (3.20)

The firms enter into a negotiation on the mutual quality-upgrade level (s.) and the
allocation of total investment cost (8). The outcome is based on Nash Bargaining

Solution. The outcome of the negotiation solves the following problem.
max (7¢y — Ty1) (Tez — Tyz)
B.sc

Y denotes (g — mtyg) (Tt — TTN5).

v . L Pay . da,
ﬁ = (m¢y — 7TN1)TSE + (cy — my2) <—755> =0
Tc1 — TNy = Tz — Ty (3.21)
¥
Erote 4aw + 4w?sc — 9Pa s =0 (3.22)
C

From (3.22), the level of mutual quality upgrade is

daw

W . (3.23)

Se =
Proposition 3.2
By means of co-investment, the low-cost firm reaches a successful agreement
to pay a smaller proportion of total investment cost of shared infrastructure, and then
earns higher profit than the high-cost firm, despite the same equilibrium output level,
e B <. a8 = qia ey > T

Proof See the appendix (Section 3.6.2).

In the light of stand-alone investment, the low-cost firm is in the dominant
position with higher profit and higher quality upgrade. After co-investment, they
have equal market shares because both services run on exactly the same shared
infrastructure with the same quality-upgrade level. In stage 2, both firms offer the

symmetric equilibrium outputs. However, in the co-investment negotiation in stage 1,
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the low-cost firm has higher bargaining power to negotiate for the smaller proportion
of total investment cost. The high-cost firm has to accept the larger proportion of total
investment cost because the successful negotiation on co-investment finally brings it
higher net profit than stand-alone investment. As a result, under co-investment, the
low-cost firm has higher profit than the high-cost firm, even though their services are
not different in terms of quality upgrade and service quantity from consumers’

perspective in the retail market.

To elaborate on the outcome, this result can be analysed in accordance with
Split-The-Difference Rule.”® Each firm first agrees to extract the same amount of its
own profit as it would earn under stand-alone investment. Further, both firms reach a
consensus to equally split the incremental aggregate profit that they both receive from
choosing co-investment instead of stand-alone investment. Even though they earn
equal shares of the incremental aggregate profit, the profits of the two firms are still
different. This is because the low-cost firm has higher bargaining power to extract a
higher amount of profit as a consequence of its opportunity cost from agreeing on co-

investment instead of entering the stand-alone investment competition.*°

Remark 3.1

In the light of co-investment, the equilibrium quality-upgrade level is independent
of the allocation of investment cost (). Nevertheless, the equilibrium quality-upgrade
level decreases with the cost-adjustment parameter of infrastructure sharing (¢).
Proof

Differentiating (3.23) with respect to g and ¢ gives

as¢ —36awa,

£ 26~ Gpa—swnz < 0 =

8 Muthoo (1999, p. 15) illustrates an example of Split-The-Difference Rule in which case two
players bargain over a portion of a cake where the utility functions of the players are simply
their shares of the cake. The utility of one player can be rewritten as a linear function of the
utility of the other. After bargaining, they agree to obtain their first portions equal to what they
would receive from the disagreement, and they further agree to split the remaining cake equally.

*® See proof in the appendix (Section 3.6.2).
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The co-investors choose their mutual quality-upgrade level regardless of the
allocation of investment cost. The quality-upgrade level directly affects the amount of
total investment cost. However, they decide on the quality-upgrade level only on the
grounds of the magnitude of total investment cost after co-investment and consumers’
reservation price. The allocation of the total investment cost among the co-investors
depends on their bargaining power. They have less incentive to upgrade quality when
infrastructure sharing causes more substantial additional cost. Thus, the equilibrium
quality-upgrade level decreases when the cost-adjustment parameter of infrastructure

sharing increases.

3.3.3 Case 3: Access to infrastructure under a fully-distributed-

cost regime

In stage 2, firm 1 and firm 2 choose their output levels to maximise their own

profits, max,, mry and maxg,,, mp, respectively. From (3.6) and (3.7), the FOCs are

Ompy bay <QF2>

= a+ wsp — 2qp — —(—52> — 1 =0 3.24
94rs F dr1 — 4qr2 5 °F QF2 ( )
0Ttpy da,y qr
3dry a+ wSg — qp1 qr2 ( > SF QFZ ( )

To satisfy (3.24) and (3.25), the symmetric equilibrium at this stage is

qr(sp) = qr1(SF) = qpa(sp) = (3.26)

a+ wsg N (a +wsp)?  ¢a;s?
6 36 24

Under the fully-distributed-cost regulatory regime, firm 1 chooses the extent
of quality upgrade in stage 1 to solve its problem, max,, mp,. After substituting
(3.26) in (3.6), one can differentiate the reduced-form profit function of firm 1 and
obtain the following equation.

0T pq 0qr1 . pa;sp

=(a+wsp—4qp) —+wqp, ————= 0 (3.27)
dsg
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The equilibrium level of quality upgrade (sz) cannot be explicitly expressed
in closed form. However, it can be shown in comparison with the outcomes of other

cases, as seen in the next section.

Proposition 3.3

Under the fully-distributed-cost regulatory regime, the market share and the
profit of the low-cost facility-based firm equal those of the high-cost service-based
rival that asks the low-cost firm for access network, i.e. qr; = qp, and mp, = 7g,.
Proof

Substituting (3.26) in (3.6) and (3.7) shows mp, = Tfy.

Mpy = Mgy = (@ + wSp — 2qp)qr — 2 °F [

Under the fully-distributed-cost regulation, the low-cost firm is regulated to

allow its service-based rival to share its infrastructure. In the retail market, they
compete with each other by offering exactly the same level of quality upgrade run on

the shared infrastructure.® Thus, the two firms are equal in market share and profit.
Access to infrastructure by the unregulated access price approach

When the low-cost facility-based firm is allowed to set access price without
any intervention by the regulator, it will reject the infrastructure-sharing proposal or
set a prohibitive access price until the service-based rival has no market share and
consequently exits the market. Finally, the low-cost firm becomes a monopolist in the
region and certainly imposes a limitation on the number of subscribers that induces an
increase in retail price. Therefore, this approach is not optimal in terms of consumer

welfare, even though it can stimulate investment by the facility-based incumbent.*

% In this model, it is assumed that there is no horizontal product differentiation among service
providers (no firm-specific preference). Consumers consider only price and quality of service
without brand preference.

>! See proof and further details in the appendix (Section 3.6.3).
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3.4 The optimal regulatory regimes

Table 3.1 shows comparisons of the equilibrium market outcomes under
different regulatory regimes to find out the most effective regulation/deregulation on
the advanced-technology deployment in several facets of quality enhancement, the

supply of service and overall consumer welfare.

Table 3.1 Equilibrium market outcomes in comparison

Scenario The extent of quality upgrade
Case 1: . 12awa, — 16aw?
S =
Stand-alone investment Y1270, - 2402 — 2402a; + 160*
. 12awa; — 16aw?
SN2 = 7a ay — 24w, — 24wia, + 16w
Case 2: Infrastructure i} 4aw
Sc=cF7——
sharing by co-investment “ 7 9pa; — 4w?
Case 3: Access to
infrastructure under the na
fully-distributed-cost
regulation
Scenario Industry output level
Case 1 0 = 2a N WSy, N WSN2
Stand-alone investment N3 3 3
Case 2: Infrastructure 2(a + wsy)
sharing by co-investment ¢ 3
Case 3: Access to
infrastructure under the x £\2 2
a+ ws a+ ws a4S
L 0p = (@t ws) |t s gas;
ully-distributed-cost 3 36 24
regulation
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Table 3.1 Equilibrium market outcomes in comparison (continued)

Scenario

Consumer Surplus

Case 1:

2

s, — (1) <2a N WSN1 N a)s,’(,2>
Stand-alone investment N7 \2/\3 3 3

Case 2: Infrastructure

s () (F452)

sharing by co-investment

Case 3: Access to

2
infrastructure under the

1 a+ ws; a+ wsy)? 552
s () F>+2j< D gaus;

fully-distributed-cost 36 24

regulation

Note: nsa is the equilibrium outcome that cannot be expressed in closed form.

The equilibrium outcomes vary according to circumstances. This study aims to
bring co-investment to light, so the outcome of co-investment will be compared with

other cases as a benchmark.
B Co-investment VS Stand-alone investment

This section highlights comparisons between the outcomes of infrastructure

sharing by co-investment and stand-alone investment.

Proposition 3.4
Compared to stand-alone investment without infrastructure sharing, the co-
investors agree to mutually change the level of quality upgrade according to their

adjusted cost structure after infrastructure sharing.

91 Ag—8w?—4w? Ay
9a1Ay—12w?

(i) If the cost-adjustment parameter is very low, 0 < ¢ <

the co-investors agree to increase the mutual quality-upgrade level, i.e. sy, < sy; < S¢.

(i1) If the cost-adjustment parameter is moderate,
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9a1A4—8w?Ay—4w?
9a,—12w?2

9a1Aq—8w?—4w?A,
91 Ag—12w?

<¢p< , the mutual quality-upgrade level ranges

between that of the high-cost firm and that of the low-cost firm with stand-alone
investment, i.e. sy, < S¢ < Sy1-
(iii) Finally, if the cost-adjustment parameter is sufficiently high,

¢ > 9a1Aq—8w?Ag—4w?
9a,—12w?

, the co-investors decrease the level of mutual quality upgrade,

i.e.5¢ < Sy2 < Syt

Proof See the appendix (Section 3.6.4).

When the benefit from cost reduction of infrastructure sharing is sufficiently
significant, the co-investors can offer a higher level of mutual quality upgrade than
the equilibrium outcome of stand-alone investment. The considerable cost-saving
from infrastructure sharing can stimulate their mutual quality upgrade. However, if
infrastructure sharing requires additional equipment and special operation that
generate substantial incremental cost, the co-investors agree to choose a lower level of
mutual quality upgrade than the outcome of stand-alone investment. This is because
the co-investors incur substantial investment cost after the agreement. Hence, they
agree to soften competition in quality upgrade by lowering the extent of mutual

quality upgrade to earn more profit than that of stand-alone investment.

The influence of the cost-adjustment parameter of infrastructure sharing (¢) in

the negotiation between the co-investors

To highlight the effect of the cost-adjustment parameter of infrastructure
sharing (¢) on the firms’ incentive to upgrade quality, the two firms are assumed
to be symmetric in investment cost structure (a; = @,). In this situation, the cost-
adjustment parameter (¢) has a significant effect on the negotiation over the extent of

quality upgrade under co-investment as follows.

Corollary 3.1
When the two firms are symmetric in investment cost structure, the symmetric
equilibrium outcome occurs, i.e. sy; = Sy, When0<¢p <1, =1, 0r¢p > 1, the

mutual quality-upgrade level under the co-investment agreement is higher than, equal

126



to, or lower than those under the stand-alone investment respectively. Each co-investor

agrees to pay half of the total investment cost of infrastructure sharing, i.e. f = % .

Proof See the appendix (Section 3.6.5).

In the special case of symmetric cost structure, the cost-adjustment parameter
(¢) plays a crucial role in firms’ decisions on quality upgrade. In the absence of
infrastructure sharing, both stand-alone firms choose the same level of quality
upgrade and earn equal profit. They both have equal bargaining power when entering
into the negotiation over co-investment. As a result, the total investment cost is
divided equally among the co-investors. When infrastructure sharing does not induce
an increase in cost (¢ = 1), the co-investors pay exactly the equal amount of
investment cost and the co-investors’ decision problem is identical to the stand-alone
investors’ decision problems. Therefore, after co-investment, firms do not change
their equilibrium level of quality upgrade. However, when infrastructure sharing
involves additional cost (¢p > 1), the co-investors agree to reduce the quality-upgrade
extent in response to the additional cost. By contrast, when infrastructure sharing
yields cost saving (0 < ¢ < 1), the cost of quality upgrade becomes a lighter burden
after co-investment. The co-investors find it more profitable to enhance service
quality to attract more consumers. Thus, in this setting of symmetric cost structure,
even though firms can lighten their own burden of cost investment in quality upgrade
through co-investment, it is not guaranteed that firms will have incentive to increase
their mutual quality-upgrade level. When co-investment incurs additional cost to
facilitate infrastructure sharing, the co-investors tacitly collude to lower the mutual

quality-upgrade level through the co-investment negotiation.

Similarly, back to the main model in the setting of asymmetric cost structures
as seen in Proposition 3.4, the tacit collusion to decrease the mutual quality-upgrade
level is likely to occur when co-investment incurs a considerable amount of additional

investment cost to implement infrastructure sharing.

In addition, the cost-adjustment parameter of infrastructure sharing (¢) also
plays a crucial role in the equilibrium industry output and consumer welfare under co-

investment, as stated in the following proposition.
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Proposition 3.5
The equilibrium industry output level and consumer surplus change according

to the co-investors’ cost structure.

6a;Aq—4w?Ag—4w?
3a1+3a1A4—8w?

If 0<¢ <

, the equilibrium industry output level and

consumer surplus are higher than or equal to those of stand-alone investment, i.e.

6a1Ay—4w?Ag—4w?
3a;+3a;Aq—8w? '

Q= Qy and CS = CSy. Conversely, if ¢ >

the equilibrium

industry output level and consumer surplus are lower than those of stand-alone
investment, i.e. Q- < Qy and CS; < CSy.
Proof See the appendix (Section 3.6.6).

When the co-investors find that co-investment leads to considerable incremental

6a1Aq—4w2Ag—4w?

3a1+3a1A,—8w?

cost of infrastructure sharing ((;b > > 1), they decide to decrease the

total number of subscribers in the area. According to Proposition 3.4, compared to
stand-alone investment, if the cost-adjustment parameter is very high, the co-investors
focus on offering a low level of quality upgrade to save cost. Even though this strategy
forces the co-investors to give up some subscribers, it can increase the co-investors’
profit by dampening competition in quality upgrade. Consequently, when the co-
investors incur high investment cost after sharing infrastructure, they will collude to
soften competition by providing services with a lower quality-upgrade level. This

causes a reduction in consumer surplus. In contrast, if co-investment yields cost saving

6a1Aq—4w?Ay—4w?

o rae A ooz the co-investors
1 18a™

or only a small amount of additional cost, 0 < ¢p <

have an incentive to increase the total number of subscribers in the market. Compared
to stand-alone investment, all of the active consumers in case of the sufficiently low
cost-adjustment parameter and most of the active consumers in case of the moderate
cost-adjustment parameter both benefit from higher levels of quality upgrade. Thus, the

consumer base is expanded and consumer surplus increases accordingly.
B Co-investment VS Fully-distributed-cost regulation

Comparison of the two approaches to infrastructure sharing is made in terms of

quality upgrade, the supply of service, price and consumer surplus.
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Proposition 3.6

Infrastructure sharing under the fully-distributed-cost regulation causes a
higher quality-upgrade level but a lower industry output level with higher retail price
than the outcomes of co-investment, i.e. sg > s¢, Qr < Q¢ and pr > p¢. Overall, the
regulation generates lower consumer surplus than co-investment, i.e. CSp < CSg.

Proof See the appendix (Section 3.6.7).

In the absence of horizontal differentiation in brand preference, the competition
between the facility-based firm and its service-based rival in the retail market finally
ends up with equal market shares. Then, they share half of the total investment cost
under the fully-distributed-cost regulation. However, the low-cost facility-based firm
invests in the whole facilities and has the right to unilaterally decide on the level of
quality upgrade. Compared to co-investment, the facility-based firm finds it more
profitable to attract consumers by raising the quality-upgrade level which allows it to
charge higher retail price under this regulation. Despite more attractive advanced
service, consumer surplus under the fully-distributed-cost regulation is less than that
under co-investment. This is because the facility-based firm aims to limit the number
of industry output (then the corresponding retail price increases) in order to maximise

its own profit.
B The effects of infrastructure sharing on firms’ profitability

This section discusses the effects of the different approaches of infrastructure

sharing on firms’ profitability.

Proposition 3.7a

Both facility-based firms tend to reach a successful co-investment agreement
because their profits of co-investment are higher than those of stand-alone investment
according to the benefit from the cost-adjustment parameter of infrastructure sharing
(P),1.e. mpy > 1y, and 1oy > Tyy,.

Proof See the appendix (Section 3.6.8).

Under the assumption that the total investment cost of stand-alone investment

is greater than that of infrastructure sharing, the low-cost facility-based firms find it
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more profitable to agree on co-investment instead of building their own infrastructure
separately. Similarly, the high-cost firm also benefits from the low-cost facilities
provided by the low-cost firm. Hence, the two firms reach a successful agreement on

co-investment instead of separate investment.

Proposition 3.7b

(i) The comparison between the low-cost firm’s profits under co-investment
and under the fully-distributed-cost regulation is ambiguous.

If the cost-asymmetry parameter is very low (A, approaches one), the low-cost
firm’s profit under the fully-distributed-cost regulation is higher than that under co-
investment, i.e. Ty, > 174.

Conversely, if the cost-asymmetry parameter (A,) is sufficiently high, the
low-cost firm’s profit under the fully-distributed-cost regulation has a tendency to be

lower than that under co-investment, i.e. mp; < 7(4.

(it) The low-cost facility-based firm prefers infrastructure sharing by the

unregulated access price approach to co-investment, i.e. g, > ;.
Proof See the appendix (Section 3.6.9).

When the regulator intervenes with the fully-distributed-cost regulation, the
low-cost facility-based firm may gain or lose profit due to this regulation. When the
cost asymmetry is less significant, the bargaining power of the low-cost firm is less
dominant. Its equilibrium profit under co-investment is less than that under the fully-
distributed-cost regulation. This is because under the fully-distributed-cost regulation,
the low-cost firm has the right to unilaterally choose the quality-upgrade level to
maximise its own profit. Meanwhile, under co-investment, the low-cost firm has to
negotiate with the other co-investor to choose the mutual quality-upgrade level by
taking its rival’s interest into account. On the other hand, when the cost asymmetry is
sufficiently significant, the low-cost firm’s profit under co-investment is greater than
that under the fully-distributed-cost regulation. The low-cost firm has clear dominance
in the co-investment negotiation. It pays a considerably smaller proportion of total
investment cost under co-investment, whereas it has to share half of the total
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investment cost under the fully-distributed-cost regulation according to the equal
output levels in equilibrium. As a result, its profit under co-investment is likely to be

larger than that under the fully-distributed-cost regulation.

When the low-cost facility-based firm is allowed to set access price, it can
corner the market by charging extremely high access price. The monopolistic profit of
the low-cost firm under this regime is definitely higher than that of co-investment in a

duopoly.

Proposition 3.7¢c

In the presence of service-based entry, the high-cost firm prefers service-based
entry under the fully-distributed-cost regulation to co-investment, stand-alone
investment and service-based entry by the unregulated access price respectively
because its profit under the fully-distributed-cost regulation is the highest, i.e. Ty, >
Tep > Ty > Mgy

Proof See the appendix (Section 3.6.10).

When the regulator intervenes with the fully-distributed-cost regulation, the
high-cost firm chooses service-based entry instead of co-investment in order to
increase profit. However, when the low-cost facility-based firm is allowed to set
access price, the high-cost firm will be driven out of the market if it asks the low-cost
firm for access network. Therefore, the high-cost firm prefers the fully-distributed-

cost regulation.

3.5 Conclusion

This study examines the equilibrium outcomes in the presence of infrastructure
sharing by various approaches. The two asymmetric firms have different cost structures
of investment in quality. They choose the extent of quality upgrade that can enhance
consumers’ utility and then choose the scale of consumer base to be served. Under
stand-alone investment, the low-cost firm offer higher levels of quality upgrade, firm

output and corresponding retail price than the high-cost firm. The low-cost firm is in

131



the better position with greater profit than the high-cost firm due to its advantage of

lower cost.

The two firms agree to co-invest in infrastructure sharing instead of stand-
alone investment because they can raise their own profits under cooperation. In
accordance with Nash Bargaining Solution, the low-cost firm with dominant
bargaining power will carry a lighter burden of investment cost than the high-cost
firm. As a result, the low-cost firm earns higher profit. However, the comparison
between the outcomes of co-investment and stand-alone investment is ambiguous.
When infrastructure sharing yields substantial benefit of cost reduction (respectively
infrastructure sharing leads to a considerable amount of incremental cost of infrastructure
sharing), the equilibrium quality-upgrade level, firm output, industry output and
consumer surplus under co-investment are greater than (respectively less than) those
under stand-alone investment. Therefore, co-investment may soften competition if
infrastructure sharing does not generate a sufficient amount of cost saving. In this
situation, the negotiation on co-investment becomes collusion rather than promotes

quality upgrades and consumer surplus.

After the intervention of the fully-distributed-cost regulation, the high-cost
service-based firm has an incentive not to co-invest in the shared infrastructure but
seeks access network from the low-cost facility-based firm. Thus, they have equal
market shares and profits because they both operate on the same network facility and
offer identical quality-upgraded services. Compared to co-investment, the high-cost
firm can raise its profit under this regulation because it bears a lighter burden of
investment cost. When the cost structures of both firms are slightly different
(respectively significantly different), the low-cost firm’s profit increases (respectively
has a tendency to decrease). The low-cost firm decides to offer a higher quality-
upgrade level but serve a smaller group of subscribers than it would under co-
investment. As a result, the retail price under this regulation is higher than that under

co-investment. Overall, the fully-distributed-cost regulation reduces consumer surplus.

The telecommunications regulator should monitor a co-investment agreement,

especially when infrastructure sharing does not yield the sufficiently substantial
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benefit of cost saving. In this situation, firms may co-invest to dampen competition in
quality upgrade, and consumer surplus finally decreases from the stand-alone
investment outcome. In addition, the fully-distributed-cost regulation is more effective
to promote service-based entry than co-investment and the unregulated access price
approach. This regulation may also support the low-cost facility-based firm if the two
firms are slightly different in cost structure. Conversely, if the cost structures of the
two firms are significantly different, this regulation is likely to threaten the low-cost
firm. This is because its bargaining power over cost allocation is much less dominant
under the fully-distributed-cost regime than under co-investment. The fully-distributed-
cost regulation can stimulate the low-cost firm’s quality upgrade and accommodates the
high-cost service-based entrant, but it causes a reduction in the size of consumer base
and consumer surplus. The regulator should take this into consideration if it plans to
impose this regulation in order to facilitate service-based entry of the high-cost firm
instead of promoting the co-investment negotiation. The optimal regulation depends

on what the regulator deems the highest priority.

This study examines the competition of two firms with complete information
on their investment cost structures. However, firms may have incomplete information
on their rivals’ costs. Additionally, this study is based on the assumption of unit
demand. Firms decide on the quality upgrade of only one service in the product line
which has no line depth. Further research may be conducted in the light of the
incomplete information on firms’ cost types. Further studies may be also extended to
the case of multiple firms, variable demand and firms’ decisions on quality of a wider
range of product line to serve different consumer groups. Moreover, other approaches
of infrastructure sharing and the issue of telecommunications service coverage may be

of interest.

133



3.6 Appendix

3.6.1 Proof of Proposition 3.1

From (3.14) and (3.15),

12aw(a,—ay)
27a a, — 24w?a, — 24w?a; + 16w

* *
SN1 — SN2 &

Firm 1 has lower cost than firm 2, a,—a; > 0, thus sy, > sy, -
The inverse demand function is py; = a + wSy; — g1 — qn2; © € {1,2}.

When sy, > syz, D1 > Dae-

From (3.11), the differential between the two equilibrium levels of service

quantity is qy; — qnz = @(Sy1 — Snz)-  Sn1 > Snz SO qni — qnz > 0. Therefore,

dn1 > Anz-
From (3.12),
. . a 2 1 2 a2 1 2
iy — Tz = <§+§w5m _§(USN2> - <§+§w51v2 _§w5N1>

_ (ﬂsmz _ QSNZZ)
2 2

2a 1 1 aq az
[(? + §(A)SN1 + §wSN2 ) (wsy1 — WSp2 )] - (7 sn1® = 75N22)

2 1 1
Sn1 > Sz, @z > a4 SO 0ne can conclude (?a +;wsy1 T 0Sn, ) (wsy1 — wsy2) >0

and %sz _%Ssz < 0. Thus, ys — 7y, > 0.

To satisfy the requirement that sy, and sy, are non-negative in the shared-
market equilibrium, it is assumed that a; > ng and a, > ng where the investment

cost in telecommunications is enormous relative to additional utility a consumer obtains
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from quality upgrade. These assumptions comply with the second-order conditions;

6271'1\“'_8 2 8 2. .
asNi2_9w a; <0 or ai>9w,LE{1,2}.

3.6.2 Proof of Proposition 3.2

Substituting (3.12), (3.19) and (3.20) in (3.21) yields the following equation.

a 1 2 , Py a 2 . 1 Vo oo,
(Gr30sc) = B 55 st — (345080 —gosia) + 55

2 2

a 1 L Pay a 2 1 a ,
= (3+35) ~A=pITF st ~ (345080 ~g0sia) + s

B*pa,s¢ = S T3 QWS 5 awsy, = Ea)zsN% + §w25N§
a a
+ 75N12 - 7SN22
. 1 - §aw(51v1_51v2) - §w2(51v% —sy3) + 71 (ST — DaSh7
Br=5+ v (3.A1)
1S¢

One may consider (3.19), (3.20) and (3.21).
If g~ = % , TTe1 = Ty and my, = Ty, in compliance with (3.21). It contradicts the

result of Case 1 that my, > my,.

If g* > % , TTep < T¢p along with my, < my, to make (3.21) hold. It also contradicts

the result of Case 1 that my, > my,.

If g* < % , Tc1 > Ty aNd Ty, > Ty, It is possible to make (3.21) hold with §* < %

Therefore, f* < %

Substituting 8* <% and (3.23) in (3.18) - (3.20) reveals that q;; = q;, and

* *
T > Ty
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In accordance with Split-The-Difference Rule, one may rewrite (3.19) and
(3.20) as

ey = a- fb (3.A2)
= (C+2wst) b=2%g2 and sh= 109
where a = (5+§wsc) , b=="s¢ and s; = "

Substituting (3.A2) and (3.A3) in (3.21) gives the following result. (ryq, Ty2) IS the

disagreement point.

a- Bb—mly = a-(1—B)b— 1, (3.A4)
p* = 5 + b (Ty2 — TTN1) (3.A5)

Substituting (3. A5) into (3.A2) and (3. A3) yields

1
Moy = MTyy + > Ra—b —nmy,—1my,), (3.A6)

1

The term (2a —b — my,—my,) In (3.A6) and (3.A7) is exactly the difference
between the sum of (3.A2) and (3.A3) (the aggregate profit under co-investment)

and the sum of the two firms’ profits under stand-alone investment.

According to the existence of a successful co-investment agreement, * should

be positive in this setting. Differentiating (3. A1) with respect to ¢ yields

[(18a;)(96a’w?pa;)(9pa; — 4w?)GS?]

0p” _\ - [(96a*w?a)(9pa; — 40*)’GS?]
ap (96a’w?¢pa,)?*S*

[18¢a; — (9pa; — 4w?)]
(96a’w?¢pa,)?*S*

= (96a’w?a;,)(9¢pa; — 4w?)GS?
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[18¢a; — (9pa; — 4w?) ]

= (9¢pa; — 40?)G (96a20a,) ($)°S?

[9pa,; + 4w? ]

= 99a; — 40")G (96a?w?a;)(¢)?S?

where S = 27a?A, — 24w?a; — 24w?a;A, + 160*,

G = a’w?a (A, — 1)[-864(a; — w?) (a8, — 0?) + 96w*].

2
According to (3.23), ¢ay >4% to ensure that the equilibrium quality-
upgrade level is non-negative. Therefore, (9¢a; — 4w?) > 0. Due to the existence of

the shared-market equilibrium under stand-alone investment, a; > %wz. A, > 1. Thus,

ap*
29 <0.

G < 0. Consequently,

3.6.3 Proof of the outcome of the unregulated access price

approach

In contrast to Case 3, without regulation, the incumbent sets access price (m)
which is collected from the entrant in return for serving one subscriber (one unit of
output) under the assumption of unit demand.®

Profit functions are

_ $a, 2
Ty = (@ + WSy — qa1 — Gaz)qa1 — TSA T My (3.A8)
T2 = (@ + WSq — qa1 — Ga2)qaz ~M Qa2 (3.A9)

where Q4 = qa1 + qaz.

%2 For simplicity, there is no firm-specific preference. Thus, from consumers’ perspective, the
quality-enhanced service of the service-based entrant is not different from that of the incumbent
that owns the infrastructure because they both run on the same shared infrastructure at an

identical quality-upgrade level.
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Timing of the game

The following three-stage game is solved by backward induction.

Stage 1 Firm 1 chooses the extent of quality upgrade (s,) to maximise its own
profit.

Stage 2 Firm 1 sets access price (m).

Stage 3 The two firms simultaneously choose their own service quantity levels

(a1, 9a2)-

In stage 3, the FOCs are shown below.

67IA1

= a+ wSy — 2941 —quz =0 (3.A10)
0qa1
0742

= a+wSy —qu1—2qu,—m =0 (3.A11)
0G4z

From (3.A10) and (3.A11), the equilibrium quantity levels are

. a 1 m

Qar(m,s) =z +zwsy + (3.A12)
a 1 2

Qa2(m,sp) =5+ Zwsy —gm (3.A13)

Substituting (3.A12) and (3.A13) into (3. A8) yields the following.

a ws; m\2 <a+wsA Zm) day
3 3 3

_ (= - _r—t.2
T4 (M, s4) = (3 + 3 + 3) +m > S (3.A14)
Back to stage 2, differentiating the reduced-form profit function in (3.A14)

with respect to m gives the profit-maximising access price as shown below.

a+ wsy

> (3.A15)

m*(sy) =

One may substitute (3.A15) into (3.A14) and obtain the reduced-form profit

function of firms 1 as shown below.
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_(a  wsy a+a)sA)2 (a+wsA> a WSy 2(a+a)sA>2
7TAl(SA)_(3+3+ 6 A 373 302

- T2 (3.A16)

In stage 1, from (3.A16), firm 1 chooses the extent of quality upgrade which
satisfies the following FOC.

0y aw N w?s,
ds, 2 2

- d)alsA == O (3A17)

5= o 3.A18
1 G- N

Substituting (3.A15) and (3.A18) in (3.A13) and (3. A9) yields g3, = 0 and

My, = 0 respectively.

One may find that the unregulated access price approach undermines consumer
welfare by comparing this approach with co-investment.
Comparing (3.23) with (3. A18) yields

4aw aw
9pa; —4w? 2¢a; — w?

* *

SC_S =

_ —awda, 0
= Opa; — 40D 2pa, — w?)

Therefore, s, > s¢ .

From (3.A12), (3.A13), (3.A15) and (3.A18),

. . . a w aw
Qa=qu T qaz = —+E(—)+O

2 20, — w?
2apa;
=— 3.A19
4‘¢a1 - 2(1)2 ( )

From (3.18) and (3.23),

2a 2w< 4daw )

Qc=24c = 5+ 3 \5pa; — 202
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__%aa 3.A20
T 9¢a; — 4w? (3.A20)

Under the assumption that ¢y > 1796@2, comparing (3.A19) with (3.A20)

gives the following.

6ap?a? — 4aw?
0~ s = Gt P
(4‘(1)(11 - 20)2)(9¢a1 - 4‘(1)2)

Thus, Q; < Q; and CS, < CS¢.

From (3.1), co-investment leads to the symmetric retail price in the retail

market, i.e. pc1 = pce = pe and py; = py. To compare p, with pg, one can write

pc —pa = (a+wsg — Q) — (a+ wsy — Qa)
= w(sc —sp) + (Qa — Qc)-
(s¢ —sa) <0and (@4 — Qc) <0, thus py > pc.

3.6.4 Proof of Proposition 3.4

From (3.14), (3.15) and (3.23), one can write the following.

12awa; (9pa A, — 1202 ¢ — 9ay A, + 4w?A, + 8w?)
9pa, — 4w?)(27a2h, — 24w2a, — 24w2a, A, + 16w*%)

Sy1— S¢ = (3.A21)

(9¢a; — 4w?) > 0and (27a?A, — 24w?a;, — 24w?a;A, + 16w*) > 0

9pa,A, — 12w%¢p — 9a, A,
The sign of (sy; — s¢) corresponds to the sign of
+4w2A, + 8w?

9a1Ag—8w?—4w?A,
9a1Ag—12w2

(9pa A, — 12w2¢p — Yoy A, + 4w?A, + 8w?) >0 when ¢ >

91 Ag—8w?—4w? A,
9a1Ag—12w2

91 Ag—8w?—4w? A,
9a1Ap—12w2

Therefore, if 0 < ¢ <

, Sy1 < sc. If

<¢p<2,
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12awa; 9¢pa; — 12w?¢p — 9a, A, + 4w? + 8w?A,)
9pa, — 4w?)(27a2A, — 24w2a, — 24w2a, A, + 160*%)

* *
SN2 — S¢c =

(3.A22)

9pa, — 12wip — 9, A,
The sign of (sy, — s¢) corresponds to the sign of ( )

+4w? + 8w?A,

91 Ag—8w?A,—4w?
91 —12w?2

9pa; — 12w2d — 9oy A, + 4w? + Bw?A, > 0 when ¢ >

. Thus,

91 Ag—8w?Ay—4w? 91 Ag—8w3Ay—4w?

1 < * < * * *
ifo0< ¢ < od12w? " SN2 =S¢ If ¢ > odi_120? " SN2 > S¢.
a _ 91Ag—8w?—4w?A, b _ 9a1Aq—8wiAy—4w? @ i b
¢ = Sa b, 1707 and ¢° = FETYTI To compare ¢ with ¢°,
one may rewrite these expressions as
9a,A, — 8w? — 4w?A 4w?(A, — 1)
¢a — 12a a_q1_ a <1
9a,A, — 12w? 9a,A, — 12w?

_9a;Aq — 8w?A, — 4w - (9a; —8w?) (A, — 1)

¢° =
9a; — 12w? 9a; — 12w?

>1

where A, > 1and a; > %wz to satisfy the requirements of shared equilibrium in the

stand-alone investment case.

They can be illustrated in the following number line.

! ! ! !
0 ok 1 P

91 Ag—8w?—4w? A,
9a1Ay—12w?

Therefore, if 0 < ¢ <

, SN2 < Sn1 < Sc-

9a1Ag—8w?—4w? Ay
90_'1Aa—12w2

9 Ay —8w?Ag—4w?
9a,—12w?

If

* * *
<S¢ < » SN2 =S¢ = Sp1-

9a 1Ay —8w?Ay—4w?
9a1—12w?2

Finally, if ¢ >

, S¢ < Sn2 < Sni1-
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3.6.5 Proof of Corollary 3.1

If a, = a4, (3.14) and (3.15) can be rewritten as

4daw

5;11 = SI*\(IZ = m . (3A23)

Comparing (3.A23) with (3.23) yields the following results which vary with

the magnitude of cost saving/ cost increment from infrastructure sharing.

If0< ¢ <1, 9pa; — 4w? < 9a; — 4w? and s; > Sy; = Spa.
If =1, s;=sy,=sn,. Finally, if ¢ >1, 9¢pa; — 4w? > 9a; — 4w? and

consequently sg; < Sy1 = Sna-
3.6.6 Proof of Proposition 3.5

From (3.8), (3.11) and (3.18),

* 2 w * * * 2 2 *
QN =§a+;(SN1 +SN2) and QC =§a+§wSC

1, ., 1,4
CSy = E(QN)Z and CS; = E(Qc)z-
Qv —Qc = %(5;11 +Sy2 — 2ws¢)
Qn — Q¢ > 0 when sy, + sy, — 2s¢ > 0.

Sy1 + Sy2 — 2ws¢

_ 36awa, [3¢a; +3pa;A, — Bw?P — 6a,A, + 40Dy + 4w?]
 (9¢a; — 4w?)(27a2A, — 24wla; — 24w?a; A, + 16w*)

(3.A24)

(9¢a; — 4w?) > 0and (27a?A, — 24w?a; — 24w?a;A, + 16w*) > 0

3¢a; + 3¢pa;A, — 8w?P
The sign of (sy; + sy, — 2ws¢) is the sign of < )
—6a,A, + 4w?A, + 4w?
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3¢a; + 3¢pa;A, — 8w?p — 6a,A, + 4w?A, + 4w? > 0 when the cost-adjustment

6a1Aq—4w%Ay—4w?
3a,8q+3a;—-8w?

parameter is sufficiently high, i.e. ¢ >

o b6aAy —4wPA, —4w® 3a;8, — 3a; — 4w?A, + 4w?
¢ = 3a;A, + 3a; — 8w? 3a,A, + 3a; — 8w?
-1+ (36!1 B 4(1)2)(Aa B 1)

36(1Aa + 3“1 - 8(1)2

. 4
Since A, > 1 and a; > ng,

(BayA, — 3a; — 4w2A, + 40?) — BayA, + 3a; — 8w?) < 0. Thus, 1 < ¢° < 2.

6a1Ag—4w?Ay—4w?
3a;+3a1A,—8w? '

In conclusion, if 0 < ¢ < Qs = Qn and CS; = CSy. On the

6a1Ag—4w?Ay—4w?
3a;+3a;Aq—8w? '’

contrary, if ¢ > Qs < Qnand CS; < CSy.

3.6.7 Proof of Proposition 3.6

sy must satisfy the first-order condition (3.27). From (3.23) and (3.27), to

compare sp with sz, one may substitute s; in (3.27).

0Ttpq 0qr1 ¢pa,sc

= a+a)sz—4(q;1| = ) Ao +w(q}'§1| = ) -
Osr lg_g; ( $=%c ) Osp | $=%¢ 2

36¢pa; — 8w?
- awopa, [ (3.A25)
" 36(H|o—y: ) (9pa, — 4w?)? 9 e
( |S SC)( ¢ 1 ) l_ 12 (Z(¢a1)2_§w2¢a1

where

(a+wsp)?  paysy’
Hl s, = —~ .

36 24
Assuming that pa; > =2 2, 222 > 0. Thus, s; > s
9 dsg S=SZ‘
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From (3.18) and (3.26), qr(s) and q;(s) as output functions of quality-

upgrade levels (s) will never intersect at any given s > 0. The proof is as follows.

qc(s) = qr(s)

a 1 B 0L+cus+ (a+ ws)? ¢a;s?
B 36 24

It can be rearranged as

=0.

a+ ws (a+ ws)]’ pa,s?
6 [ 6 l_ 24

The above expression will never hold when s > 0. Therefore, there is no quality-
upgrade level yielding the same output of these two cases. Ats = 0, q~(0) = g and

2t _
ds

qr(0) = % The slope of q.(s) is 39 Meanwhile, the slope of g (s) is

((a + ws)w ¢>a15>

0 qr -

gar _© \ 18 12/ (3.A26)
ds 6 (a + ws)*  ¢a;s?

2

36 24

The second-order derivative of gz (s) is

((a + ws)w qbals)Z

0% qr _ 18 12
ds? 4 (a + ws)?  ¢a;s? \/(a + ws)?  ¢a;s?
36 24 36 24
(w_z_ m)
18 12
(3.A27)
) (a + ws)*  ¢a;s?
36 24
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From (3.A26),ats = s;,

(a+twsg)w  ¢ay s¢

0 qr )
dr = — 4+ 18 12 (3A28)
0s ls=s; 6 5 (a+wsi)?  ¢ay sy’
36 - 24

*\2 %2 *
Due to the fact that \/(M;SC) —®U5c - 0, the sign of aaZF
S=

corresponds to the
24 st

(atwsg)w  ¢ay sé)
18 12 /'

sign of (
Under the assumption that ¢a; > 17,6 w?, one can rewrite the expression as

(a+wsc)w  dagsc 6awpa,

= > 0.
18 12 36(9¢pa, — 4w?)
* 2q%
Therefore, 22 _ > 0. From (3.A27), since ¢pa; > % w?, % <0.

S ls=s¢

sY denotes an upper limit of s} in association with a negative value of the
second-order condition for profit maximisation in Case 3 (Access to infrastructure under
the fully-distributed-cost regulatory regime), i.e. s; < sj < s{. From (3.24),
0°mp, _ baiSEqr:

=24+ ————<0.
0qr1? * QF3

In equilibrium, gz, = qr, instage 2 of the game. Thus,

0% a,s2
LY
0qr1 8(‘11?1)
2
\VPaS
Qg > ¢41 £ (3.A29)

From (3.26), the equilibrium output level (qf,) should comply with (3.A29).

a+ wsg N \/[(a + a)sF)r pa,st S Jpaist
6

6 24 4
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After rearranging the above expression, s¥ is an upper limit of s} as shown below.

c oy T (3.A30)
SF SF N 5¢)a1 —4w '
From (3.A26), under the assumption that pa; > %a)z,
0 q; a+ wsf a+ws?)? paysl?
dr _ L ( F) _¢ 15F (3.A31)
0s lsosy 6 36 24
_ 108aw¢a, — 48aw?\/pa; — 60a,/pa;pa, >0
12a\/¢pa, (5 pa; — 4w)
94k
Therefore, a5 lyesy > 0.

From (3.18), (3.23), (3.26) and (3.A30), one can compare q;"|s=s},’ with

q¢|s=s;, as follows.

4aw? 4daw > a/pa,

a
Gecls=s; = arls=sg = 5+ (3(9¢a1 — 40D 6(5/pa; —4w)) 60 —4w)

3 3¢pa; — 6w,/ pa; + 2w? S
(54pa; — 24w?)(30w/pa; — 24w?)

(3.A32)

16 * *
When ¢ay > w?, qcls=s; = qrls_gy > 0.

9 qF

1 * * - a *
According to si < si: < s¢ and the conclusion that =& e
S= SC

ds

>0
s=s¥

%qp

and —

< 0, one can conclude that gpl,=; < q,’?lszsg. Further, one may employ

transitivity to make a comparison of the equilibrium output levels. From (3.A32),

CI}?|5=Sg < qcls=s; - Therefore, in the absence of the intersection of g¢(s) and g (s),

it can be concluded that g ;- ;< q¢ls=s; and Qr < Q¢. From (3.8), €Sy < CSg.

According to (3.1), infrastructure sharing by co-investment and by the fully-

distributed-cost approach lead to the symmetric retail prices in the retail market, i.e.
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Pc1 = Pz = Pe and ppy = ppy, = pr. TO compare pr with ps, one can write the
following equation.
pc —pr = (a+wse — Q¢) — (a+ wsp — QF)
= w(s¢ = sp) + (Qr — Q¢)-

Since (s¢ —sp) < 0and (Qr — QF) <0, pr > pe.
3.6.8 Proof of Proposition 3.7a

Consider (3.12), (3.14) and (3.15). To satisfy the FOCs (3.21) and (3.22),
(mgq — myq) and (i, — my,) Should be positive simultaneously. Thus, mg; > my,

and gy, > Ty,
3.6.9 Proof of Proposition 3.7b

(i) The comparison between mg, and m¢, is ambiguous according to the
cost-asymmetry parameter (A,).
From (3.6), (3.19), (3.23) and (3.26),

. [(a + wsp)? (a+ wsé)zl N (a + wsy) \/(a + wsp)?  pajsy?
ey = - -

TFL T 3 36 24
(a + wSF)Z ¢a15 ,8* ;2 SF
oa | Tém
0(mpy — ¢q) ¢a1562 p"
aA, 2 dA,
( 864a’w*a?A, — 432a2w?a3 — 432a%w?a3 (A, — 1) )

—384a’w?a; — 384a’w?(A, — 1)

1
= (@) 9 864a’w*a?(AZ — 1) >
(24w?a, + 27a?)
—(864a%w?a3A, + 768a%w?a,) (A, — 1)

+ S
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where § = 27a?A, — 24w?a A, — 24w?a; + 16w*.

In this section, it is assumed that the investment cost of firm 1 is not too low,

a; > 1.50w% AtA, =1, %rng—:cﬂ L < 0 and (mpy — wey)la,=1 > 0. One may

conclude that when A, is very low, gz, > ms,. When A, increases from 1, the term
T, — T, decreases in value. Hence, it can be concluded that when A, is sufficiently

high, there is a tendency that r, < ;.

(i) myy > Ty
From (3.19), (3.23), (3.A14), (3.A15) and (3.A18),
_ 16a*¢*af — 8a’w’pa;

Ta1lm=m® =
stz (8¢al - 40‘)2)2

. _ 9a’¢p%af — 8B a’wipa;
7Tc1|s=52 = (9pa, — 4w?)?

/ 90a’¢p*at — 153a%w?Pp3ad + 64 a?wiPp3a3
+86a’w*p?a? — 64p*a’wrPp?a?

—16a’wbpa, + 16 f*a’wlpa,

T[* =-mx* — T[* _o = > 0
Al TZ:_:Z Clls=sc (8pa; — 4w?)2(9pa, — 4w?)?

. 16 % *
Under the assumption that ¢pa; > ;wz, Ty lm=m+ — gy l5=gz > 0.
S=Sy

3.6.10 Proof of Proposition 3.7¢c
From (3.7), (3.20), (3.23), and (3.26),

N (a+w52)2 N pa;
Miglomsy = g = (1= f) s
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(a + ws¢) \

. 2(a + wsy) 2\/(a + wsp)?  paisi? |/ 6
Mpals=st. = | — 5 — -
¢ 3 36 24 \+ (a + a)sc) gbalszz
24
a
_ ¢4 1 Séz

* *
Mp2ls=sg — T[C2|S=Sz~

_, (a + ws})? _ pa;sit [ (a+ wsE) _ (a + ws})? _ pa,s;?
B 36 24 6 36 24

+[ (1 —2,8*) _% ] patyse?

_p* *2 * * 2 *2
B <2 so [ 115 0. when 225 5 g, (aresd) J aros)) _dast
2 2 4 24 6 36 24

Thus, g, |s=ss — Tc2ls=sz > 0. In other words, ¢, [s=gx < Tpapls=s: -

From (3.26) and proof of Proposition 3.3, both firms have identical reduced-
form profit functions of s, i.e. mp,(s) = mp,(s). Consequently, firm 1 maximises
its own profit by choosing the level of mutual quality upgrade (sy) that also generates
firm 2’s maximum profit, i.e. arg max my, (s) = sg. According to transitivity,

T[E'Z|S=SE~ < T[;le:sz and 77:;"2'5:5}'} < 77:;"2'5:5}} , thus T[;‘le:s}} > T[Z‘le:s}} .

Under the unregulated access price approach, access price is set so high that
the service-based firm becomes cornered. As a result, 7y, = 0 < m,. According to
Proposition 3.7a, my, > my,. After comparing these equilibrium market outcomes, one

can conclude that mp, > mpy > Ty, > T4s.
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Chapter 4

Bundling and Incentives for Quality

Enhancement

4.1 Introduction

Digital convergence encourages telecommunications firms to expand their
product lines and provide multiple services under the same brands. For example, in
the UK, TalkTalk offers triple play including cable TV, broadband and phone.
It exploits brand loyalty and offers a tempting bundle discount. Multi-product firms
are likely to be dominant with more weapons to compete with single-product firms. In
price competition, a multi-product firm can use the bundling strategy to enhance
profit and expand its market share, while a single-product firm is likely to lose its
profit and customers. If the bundling strategy is extremely aggressive, the small firm is
probably on the verge of exit. On the demand side, even though some consumers who
purchase the bundles benefit from a bundle discount, the distorted individual prices
tend to threaten other consumers, especially single-product users (Armstrong, 2011;
Reisinger, 2006) and undermine aggregate consumer surplus (Gans and King, 2006;
Granier and Podesta, 2010; Reisinger, 2006; Rennhoff and Serfes, 2009). In the
context of telecommunications with the rapid growth of advanced technology, the
main focus of the bundling issue is not only price distortion but also incentive for
quality enhancement. However, most of the existing literature emphasises the effects
of bundling in the setting of the competition in price. Only some studies extend to
firms’ decisions on other aspects in the context of bundling, e.g. quality choices and
R&D in cost reduction (Avenali, D’ Annunzio and Reverberi, 2013; Choi, 2004; Heeb,
2003; Kramer, 2009).
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From a broader viewpoint, this study extends to a model in which competing
firms have not only price choices, but also further investment decision on distinct
product features of quality.>® Firms in the two duopolistic markets can choose their
own quality enhancement levels and then prices.>* The situation alters because a single-
product firm has additional tools to respond to the aggressive bundling strategies.
With pure bundling, compared to the no-bundling benchmark, the single-product firms’
incentives for quality enhancement are undermined. Meanwhile, due in part to its
concern about spillover, the multi-product firm increases its quality enhancement levels
if the quality enhancement process is cost-efficient enough in terms of generating
additional utility. The single-product firm’s price in the less competitive market
certainly decreases. Similar to the multi-product firm, the single-product firm in the
more competitive market can raise its price when it benefits significantly from a
substantial reduction in competition intensity with a limited number of product
choices after pure bundling. With mixed bundling, the multi-product firm offers a
bundle discount in line with the standard results about individual price setting
(Armstrong, 2011; Reisinger, 2006). In the more competitive market, the multi-
product firm’s quality enhancement is promoted in contrast to the deterioration of
the single-product firm’s counterpart. The similar result can be found in the less
competitive market when the two markets are not too different in terms of competition
intensity. Both bundling strategies are likely to threaten consumer surplus when the
two markets are significantly different in competition intensity. In this case, the
inefficient distortion of the consumer allocation predominates. The sectoral regulators
should monitor the implementation of bundling, especially when a more competitive
market is tied with a much less competitive market. However, bundling strategies may

be a boost for quality enhancement in some situations.

%% For example, a broadband internet company may improve its connection stability or customer
service to make its service comparatively more attractive than its rivals’ service.

*In this context, this issue of quality does not concern vertical differentiation in quality,
where consumers have different preferences for product quality. Instead, this model is based
on horizontal differentiation where consumers have different tastes for a particular product

offered by a particular firm.
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Relevant literature

The existing literature examines the market outcomes of bundling strategy
in various situations according to the degree of competition and the correlation of
valuations of products. In the setting of symmetric duopoly, the correlation of
valuations has a crucial role. Under the negative correlation of valuations, consumers
become more homogeneous when they evaluate bundles instead of individual products.
The business-stealing effect dominates the sorting effect of bundling. Firms’ profits
decline due to a prisoner’s dilemma when both firms choose to sell bundles rather
than individual products. On the other hand, the opposite result is found under the
positive correlation of valuations (Reisinger, 2006). This can apply to the situation of
a merger among homogeneous single-product firms under the positive correlation of
valuations in a circular model (Granier and Podesta, 2010) and the situation where
competing firms collaborate in offering product bundles to extract consumers’ rent
instead of compete in price such as tourist attractions (Armstrong, 2011). However,
after bundling, individual prices increase despite a substantial bundle discount
(Armstrong, 2011; Reisinger, 2006). Moreover, consumers are persuaded to buy
bundles instead of a combination of preferred individual products. As a profit-
enhancing tool causing distributive inefficiency, the bundling strategy may threaten
consumer welfare (Gans and King, 2006; Granier and Podesta, 2010; Reisinger, 2006;
Rennhoff and Serfes, 2009) and even social welfare (Granier and Podesta, 2010;
Reisinger, 2006; Rennhoff and Serfes, 2009).

In addition, in the setting of asymmetric duopolistic competition, a multi-
product firm is in a better position than a single-product firm because of its bundling
strategies. Nalebuff (2004) pointed out that bundling strategy is a credible strategy for
a multi-product incumbent to increase profit regardless of entry decision of an entrant.
This result conforms to Choi (1996, 2004), supporting the leverage theory where the
incumbent transfers its monopoly power in the monopolistic market to the duopolistic
market. The bundling strategy is more reasonable than the limit-pricing strategy which
forces the incumbent to sacrifice some profit. Gans and King (2006) found that in
their extended model of one integrated firm and two independent firms, social welfare

decreases because of inefficiency in the consumer allocation in spite of no bundling
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strategy of the independent single-product firms. In contrast, if the two independent
firms are allowed to merge, they will agree to merge but finally the two integrated
firms will not employ bundling in order to soften competition. This yields higher
social welfare than the case of the allied independent firms with bundling.

In the introduction of the single-product consumer group with the assumption
of cost saving from one-stop shopping by the multi-product consumers, Thanassoulis
(2007) concluded that under firm-specific preference, firms can increase profit by
charging higher individual prices than the no-bundling outcome and offer a bundle
discount to attract the multi-product consumers whose demand is more elastic than the
single-product consumers. Under product-specific preferences (hybrid-bundles are
available), a prisoner’s dilemma occurs when firms decide to sell bundles despite a
decrease in profit. In addition, the individual prices are lower than those in the no-
bundling case. As a result, consumer surplus under firm-specific preferences decreases

but consumer surplus under product-specific preferences increases after bundling.

In the extended model of different degrees of product differentiation in the two
markets, Thanassoulis (2011) found that under partial convergence, the merged firm
can increase profit even though it does not offer a bundle discount. Individual prices
in the more competitive market increase but those in the less competitive market
decrease due to the bundling strategy which adversely impacts on the single-product
consumers. The multi-product consumers are charged higher price, but consumer
surplus of this consumer group is ambiguous according to the degree of competition
of the markets. Under full convergence, both merged firms bilaterally decide to sell
bundles so product bundles are less differentiated because of a taste cost reduction. As
a result of more intense competition, both merged firms decide to offer bundle
discounts. Compared to the no-convergence environment, the individual prices remain
unchanged but the multi-product consumers enjoy competitive bundle discounts.
Overall, aggregate consumer surplus is enhanced under the full convergence. The
bilateral merged firm in the full convergence has lower profit than the unilateral
merged firms in the partial convergence. In contrast to the merger-wave outcome of

Granier and Podesta (2010) and Reisinger (2006) in the two-stage games where the
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firms can decide on whether to offer a bundle discount, the first merger is at a distinct

advantage but its rivals decide to remain independent in order to soften competition.

Bundling also influences firms’ incentive to research and development. The
multi-product firms with a bundling strategy invest more heavily in R&D in cost
reduction and innovation while their single-product rivals strategically decrease their
investment (Choi, 2004; Heeb, 2003). In a broader setting of vertical differentiation,
firms offer different quality levels to target different groups of quality-preference type
consumers (Tirole, 1988; Wauthy, 1996). In the presence of bundling, a multi-product
firm can transfer its monopoly power in one market to another duopolistic market by
the pure-bundling strategy. It becomes dominant and serves the high-quality type
consumers. Its profit is higher than that of its single-product rival which avoids intense
competition by choosing to serve the low-quality type consumers instead (Avenali,
D’Annunzio and Reverberi, 2013; Kriamer, 2009). From a broader perspective on
quality investment, bundling may have a beneficial effect on social welfare in certain
circumstances (Avenali, D’Annunzio and Reverberi, 2013). In the business world,
firms attract consumers by various types of offers when market competition becomes
more intense. It is necessary to further examine the vexed question of the bundling
strategies’ effects on welfare in various aspects other than pricing in order that the

regulator can make a careful and comprehensive assessment of bundling strategies.

This study is organised as follows. The model of the two duopolistic markets
is detailed in Section 4.2. The analysis of the market outcomes after bundling is in
Section 4.3. Finally, Section 4.4 contains conclusion and some suggestions for the

regulators.
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4.2 Model

There are one multi-product firm and two single-product firms in two
duopolistic product markets. In market A, the multi-product firm competes with one

single-product firm. In market B, it competes with the other single-product firm.

/ Market A \ ( Market B \

Multi-product firm
(Firm 1)

Single-product firm Single-product firm
k (Firm A2) (Firm B2) /

Figure 4.1 The two duopolistic markets

In each market, there are two horizontally differentiated products from each
pair of competing firms (differentiation in products, not in firms). Firm 1 has entered
both markets. As seen in Figure 4.1, firm 1 offers product Al and product Bl to
compete with firm A2 and firm B2 in market A and market B respectively. Product A
and product B can be independently consumed.®® Regarding an assumption of unit
demand, each consumer can purchase only one unit of product A and one unit of
product B.*® Firm 1 may implement a bundling strategy to attract consumers in both

markets.

> This model focuses on telecommunications services such as cable TV and broadband
internet. Unlike system goods, e.g. computers and software, these services can be consumed
separately.

% This assumption can be applied to most telecommunications services. For instance, one
household normally monthly subscribes to only one service provider for a particular

telecommunications service such as internet, cable TV, mobile and fixed line telephony.
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Firms

Firms have already entered the markets. Their products meet at least the
standard-quality requirements by the regulator.>” Thus, the fixed costs of standard
products are sunk so they are assumed to be zero. For simplicity, constant marginal
cost of standard product is assumed to be zero and identical across firms.*® Basically,
firms compete in price. Py; is unit price of product ki; k € {A,B}and i € {1,2}.

In addition to price competition, firms are allowed to differentiate their
products by improving their product quality. This model endogenises quality
enhancement. *° Every consumer perceives this quality enhancement and has
additional utility from the improved product quality. B,; is a level of quality
enhancement which a firm adds in its standard product ki; k € {A,B}and i € {1,2}.
This model has its focus only on £,; > 0. Reducing quality from quality standard is
not practical, especially in the markets that are closely monitored by the regulators.
Firms will incur additional investment costs associated with the level of quality
enhancement they choose. I; (Bx;) is investment cost function of investing in quality
enhancement at level By; in market k; k € {4,B} and i € {1,2}. Investment cost

function is convex in quality enhancement level.

I (Bri) = biBri

b, is constant and positive. In addition to investment cost, a firm’s quality
enhancement may lead to a change in its marginal production cost. It is assumed that
firms have constant marginal production cost (mc). Due to zero marginal production

cost of standard product, the marginal cost directly derives from quality enhancement,

% Telecommunications regulators keep monitoring the quality of telecommunications services
regularly.

% Most telecommunications services incur huge fixed costs of platform facilities, whereas
their marginal costs are comparatively negligible. Moreover, in the business world, marginal
cost is mostly calculated in constant term.

> This issue is not vertical differentiation in quality.
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i.e. mc =0+ C,(Bri) = Cr(Bri) .- Ci(By;) is assumed to be a linear function of

additional marginal cost at quality enhancement level S,; of product ki.

Cx (Bri) = cxBi

¢y, is constant and positive.?® For example, if a firm chooses a high level of quality
enhancement to add in its product, every unit sold has high marginal production cost
due to high additional marginal production cost of quality enhancement. For
simplicity, the investment cost function and the relationship between quality
enhancement and marginal production cost are identical across firms in the same

market.®

Consumers

Each consumer purchases one unit of product A and one unit of product B
(unit demand).®® Based on the Hotelling model, consumers are uniformly distributed
on a unit square [0,1]2. The pure combination of [A1B1] and [A2,B2] are located at
(0,0) and (1,1) respectively. Meanwhile, the hybrid combination of [A1,B2] and
[A2,B1] are located at (0,1) and (1,0) respectively. The number of consumers is
normalised to 1.

A consumer has a preference for a particular product according to the distance
between his location and the location of the product. A consumer incurs disutility

when the product he has chosen is not exactly his ideal product, which should be

% For example, a broadband company may add free wi-fi service in more public places for its
consumers who subscribe its broadband service at home. The broadband company has to invest
in additional investment cost for the public wi-fi service and incurs higher marginal cost.

® Firms may have different cost function of quality improvement because they own different
technologies, experiences and know-how. Moreover, to attract consumers, firms possibly use
different methods to increase their product values. However, at the first stage of this study,
the process of quality enhancement is assumed to be common knowledge so firms have the
same cost functions of quality enhancement.

%2 Some studies endogenised light users who buy either product A or product B. In this study,
only heavy users who purchase both products are focused because they play a crucial role in

the setting of product bundling.
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located at his own location. t; is taste cost®® referring to the disutility per distance unit
in market k; k € {A, B}. It is assumed that market A is more competitive than market B.
t, =0t; tg=t; 0 € (0,1).%* V, is gross utility from standard product k, which is
identical across consumers. V, is large enough to ensure that every consumer
participates and the markets are covered. When a firm chooses quality enhancement
of product ki at level B,;, consumers perceive the quality enhancement and have

additional utility v, (By;) from product ki.

Vi (Bri) = QP
a,, is constant and positive. k € {4, B} and i € {1,2}. Assume a;, > ¢;.*

Consumers purchase both product A and product B.%® In this model, even though
a consumer decides to buy a pair of products from firm 1, there is no economy of
scope from the pure-combination consumption. Benefits from payment in a single bill

or one-stop service are trivial and omitted for simplicity.

% As mentioned by Thanassoulis (2007), the term “taste cost” in this model is tantamount to
the transportation cost in the Hotelling model, which inversely represents the degree of
substitutability between the two rival products in the market.

® When taste cost decreases, the two differentiated products in the market are more
substitutable. Thus, the market is more competitive in the substitutability aspect.

% With this assumption, a positive equilibrium level of quality enhancement exists.

% In the initial model, it is assumed that consuming a combination of product A and product B
yields additive gross utility, V,+ Vz. However, due to technological support, different kinds
of telecommunications services are (imperfectly) partially substitutable from consumers’
viewpoint. Thus, the gross utility from consuming a product combination may be sub-additive
(Armstrong, 2011; Venkatesh and Kamakura, 2003).

For instance, even though mobile voice service is obviously distinct from communicating
via the Internet, advanced technology allows internet users to use communicating software
such as Skype and to chat on Facebook. Therefore, mobile service and internet broadband
may be partially substitutable especially because of the digital convergence. Nevertheless, for

simplicity, this study assumes additive gross utility of a product combination.
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A consumer, who is located at (x,y) on a unit square [0,1]?, has the four

following choices as illustrated in Figure 4.2.

[Al,FZ] [A2,B2]
A
1, :
(1—y)t < !
( (%)
8
yt { i
\ ! s
0\ v VRN ~ o ~
x0t (1—-x)6t
[A1B1] [A2,B1]

Figure 4.2 Consumers in the two-market horizontal product differentiation model

() [A1B1] from firm 1

His net utility from consuming product Al and B1 is
Vat Vg + asfar + apfpr — X0t — yt — Py - )

(11 [A1,B2] from separate firms

His net utility from consuming product Al and B2 is

Vat Vg + asfas + apPpy — x0t- (1 —y)t — Pyy — Pp;. rn

(1) [A2,B1] from separate firms

His net utility from consuming product A2 and Bl is

Vat+ Vg + ayfaz + apfps — (1 — x)0t-yt — Py — Pp; . (1)

(IV) [A2,B2] from separate firms

His net utility from consuming product A2 and B2 is

Vat+ Vg + asfiaz + apfp, — (1 —x)0t - (1 — y)t — Py, — Py, . v)
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The gross utility of a product combination is assumed to be additive (V,+ V5).
P,151 1S the total price of combination [A1B1]. Firm 1 offers P45, according to its
bundling strategy.

= |n the no-bundling case, Py151 = P41 + Ps1-

= In the pure-bundling case, P4;5; = P (the price of pure bundle [A1B1]).

» In the mixed-bundling case, Py1p1 = P41 + Pg1 — &, Where § is bundle

discount.

As seen in Figure 4.2, the consumer at (x,y) compares net utility from
available choices of (I) - (IV) and finally chooses the product combination which
yields the highest net utility. In this model, the multi-product firm have three different
options of pricing; (1) no bundling, (2) the pure-bundling strategy, and (3) the mixed-
bundling strategy.

(1) No bundling

Firm 1 offers products separately at price P4, and Pg,. All four choices (1) - (V)
are available. Thus, market share is determined by the marginal consumer in each
market. X and y denote the locations of the marginal consumers in market A and
market B respectively. The marginal consumers in market A and market B solve the

following conditions, accordingly.

Vot asfiag — X0t — Pyy = Vy+ agfaz — (1 —X)0t — Py,

1 1
X = E + E(PAZ — Py + asfia — aA,BAZ) (4.1)

Vg + apPfpy — Yt — Ppy = Vg +apfp, — (1 —J)t — Pp,

1 1
y = E + E (Pgz — Pgy + apfp1 — apPpz) (4.2)

The market shares are shown in Figure 4.3.
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[A1,B2] [A2,B2]

1 :
g foreeeeeeneee e
0 P 1
[A1B1] [A2,B1]

Figure 4.3 Market shares with no bundling

According to the unit demand assumption, aggregate demand for each product

directly derives from market share.

Profit functions

Profit function includes revenue, less investment cost of quality enhancement.

Firm 1

ﬂl(PAerBllﬂAl,ﬁBl) = X[Py1 — caPa1l + Y[Pp1 — cpBr1l — bAﬁA12 - bB.BBlz (4.3)

Firm A2
TT42 (PAZ: BAZ) = (1 - 2) [PAZ - CAﬁAZ] - bAﬁAZZ (4'4)
Firm B2

g2 (P2, Brz) = (1 —3)[Pgz — cpPpa] — bB.BBZZ (4.5)

Consumer surplus

Consumers evaluate product A and product B separately.

&

X 1
CS = f [ VA+aAﬁA1—x9t—PA1] dx +f [ VA+aAﬁA2 _(1_x)9t_PA2] dx
0 x
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Y
+f [ Vs + agfps —yt — Ppy] dy
0

1
+f [ Vg +agPp, — (1 —y)t — Pgy] dy, (4.6)
9y

where
X i1s market share of firm 1 in market A.

¥ is market share of firm 1 in market B.
(2) The pure-bundling strategy

Firm 1 sells only a bundle of product A and product B at price P. Consumers
have only two choices, (I) and (IV). The consumers who are indifferent between
[A1B1] and [A2,B2] have the following condition.

VA+ VB + aABAl + aBﬁBl — x0t — yt — P
= Vy+ Vg + asfiaz + agfp, — (1 —x)0t - (1 — y)t — Py — Pp,

Rearranging the above equation yields the following.

1+6 1 -
Ox +y= — + <Z> [Paz + Pgy — P + aaffa1 — QaPaz + apfp1 — apPia]
1+6 1 -
Y(x) =y = — Ox + (Z> [Paz + Pgy — P + aafa1 — @aPaz + apfp1 — apPia]

We can write y as a function of x which is denoted by Y (x) and represented by
the dotted line in Figure 4.4. The marginal consumers are located on this line. At a
given x, the marginal consumer who is indifferent between product [A1B1] and
[A2,B2] is located at (x,Y(x)). Consumers in area I buy bundle [A1B1]. The rest in
area I1 buy [A2,B2]. Due to the unit demand assumption, demand for product Al and

B1 derive from area I and demand for product A2 and B2 derive from area I1.
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ALB2} [A2,B2]

A
1
Y b I
e Y()
I 1Y)
0 1
[A1B1] [A2,81]

Figure 4.4 Market shares with the pure-bundling strategy

Profit functions

Profit function includes revenue, less investment cost of quality improvement.®’

Firm 1

N =

7T1(P'BA1”331) = =[Y(0) + Y(1)][ﬁ — CaPa1 — cgBr1l — bAﬁm2 - bB,BBlz (4.7)

Firm A2

Taz (Paz, Baz) = {1 - % [Y(0) + Y(l)]} [Paz — CaPazl — baBaz”  (4.8)

Firm B2

T2 (Ppa2, Bp2) = {1 - % [Y(0) + Y(l)]} [Ppy — cpBral — bBﬁBZZ (4.9)

® This section emphasises a range of 6 that the pure-bundling strategy is credible. In this
analysis of the pure-bundling case, 8 should not be too extremely high in order to ensure that

the benefit from tying the markets is not trivial. See the appendix (Section 4.5.4) for details.
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Consumer surplus

1 ,Y(x)
CS = f f [ Vi + Vg + auPuas + agfps — x0t — yt — P] dydx
o Jo

dydx, (4.10)

_I_flfl [ Va+ Vg + asfaz + apPp:
0 Jyo = =x)0t — (1 —y)t — Py — Pp,

where P is price of pure bundle [A1B1]; P45, = P.
(3) The mixed-bundling strategy

Firm 1 offers products separately at price P4, and Pg,. Additionally, firm 1 also
offers discount § on a bundle [A1B1]. Consumers still have all four choices, (I)- (V).
In Figure 4.5, at a given set of individual prices and quality enhancement levels, X and
y are the locations of the marginal consumers in market A and market B respectively
if bundle discount is zero. When firm 1 offers the bundle discount, its market shares

in both markets expands according to §.%

[Al1,B2] [A2,B2]

| >
[A1B1] [A2,B1]

Figure 4.5 Market shares with the mixed-bundling strategy

% This model is set up in the two-market framework, similar to those of Gans and King
(2006) and Matutes and Regibeau (1992).
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1 1
X=o+ Z_Ht(PAZ — Ppy + aaPar — @aPaz) (4.11)
11
y=3 + E(PBZ — Pp1 + apfp1 — apPsz) (4.12)
=%+ J 4.13
X=24o (4.13)
5542 4.14
y=y+o; (4.14)

Consumers in area I choose a bundle of [A1B1] from firm 1 at discounted price.
Consumers in area I1, I11 and IV purchase product [A1,B2], [A2,B1] and [A2,B2]

from separate firms respectively.

Profit functions

Profit function includes revenue, less investment cost of quality improvement.

Firm 1
71 (Pa1, Pp1, 8, Ba1, Pp1) = Da1[Par — CaPa1l + Dp1[Pp1 — cPp1]
—Dp1p16 — 19,41,3,412 - b33312 (4.15)
Firm A2
T2 (Paz, Baz) = Daz[Paz — caPaz]l — bA,BAZZ (4.16)
Firm B2
”BZ(PBZ,ﬁBz) = Dgp,[Pp — CB.BBZ] - bB.BBZZ (4.17)

Dy, is demand for product A1 from consumers who buy bundle [A1B1] or combination

[A1,B2]. Thus, D,; is equal to the total of area I and area I1.

Do = 245539 +3 (507) (53)
a1 = X YT 2\20t) 2t

Dg, is demand for product B1 from consumers who buy bundle [A1B1] or combination
[A2,B1]. Thus, Dg, is equal to the total of area I and area I11.
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o = 94 36745 30) (20
A TR AVTTIAVY:
D4151 1S demand for bundle [A1B1] equal to area I. These consumers get a special

discount (§) deducted from the original price of bundle [A1B1], (P4; + Pgq). Firm 1
sacrifices some of its revenue to attract this consumer group.

Duans = 39-+%(5) +3 (357) * 3 (350) (32
'A1B1 — XY T X ot y 0t >

20t) \2t

D,, is demand for product A2 from consumers who buy combination [A2,B1] or
[A2,B2]. Thus, D4, is equal to the total of area I11 and area IV.

b= 1= {2+ 209+ (527) ()}
4z = *T20c” T 2\206) \2¢

Dg, is demand for product B2 from consumers who buy combination [A1,B2] or
[A2,B2]. Thus, Dg, is equal to the total of area II and area IV.

Doz = 1={5+ 52 +3(550) (3]
Bz — YTt * T 2\206) 2t

Consumer surplus

Consumer surplus after mixed bundling is the sum of consumer surplus from

the four areas. Z(x) denotes a function of x as represented by the thick solid linear

line in Figure 4.5, x € [%,X], Z(x) € [9.7] Z(x) =9+ 62+ zit —bx

CS:f f[VA'i‘ VB+aAﬁA1+aBﬁBl—x9t—yt—PA1—P31—5]dydx
0 0
Z rZ(x)
+]j [VA+ VB+aAﬁA1+aBﬁBl_x9t_yt_PA1_P31_5]dydx
x Jo
X
)
0

1
+j: f [ Va+ Vg +asfaz +apBpr — (1 —x)0t — yt — Py — Ppq] dydx
X Y0

2

1
[ Va+ Vg + ayfas + apPp, —x0t — (1 —y)t — Pyy — Ppy] dydx

<

>
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£ 1
Va+ Vg + asfaz + apPp; ]
+ [ dydx
.L fZ(x) —(1=x)0t — (1 = y)t — Py, — Pgo| ¥
1 1
Va+ Vg +anfaz + apPp: ]
+ [ dydx 4.18
3 L —(1=x)0t — (1 —y)t — Py — Py Y (4.18)

Timing of the game

This model boils down to a three-stage game solved by backward induction.

Stage 1 Firm 1 decides whether to implement the bundling strategies (pure
bundling and mixed bundling) instead of selling products Al and product B1 separately
(no bundling).®

Stage 2 Firms simultaneously choose their quality enhancement levels

Stage 3 Firms choose their prices simultaneously.
4.3 Analysis

The outcome with the no-bundling strategy is considered a benchmark to be
compared with the pure-bundling and the mixed-bundling outcomes.

4.3.1 No bundling

In the absence of bundling, firm 1 competes with firm A2 and firm B2 in

market A and market B separately. The equilibrium outcomes are as follows.
B Equilibrium market outcomes

When firm 1 is not allowed to bundle, the markets are independent of each

other. Consumers give consideration to choices in each market independently.

Stage 3 Firm 1 solves the following profit-maximisation problem.

max 1,
Pa1,PB1

% All firms have already entered the market. The issue of market entry is omitted.
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Differentiating profit function (4.3) with respect to associated prices yields the
following.

om, (1 /1 1
P, = {E + (2_91:) [Paz — Pa1 + @afPar — aA.BAZ]} ~ 20t (Par = caPa) =0 (4.19)

om, (1 /1 1
0Py {E + (Z) [Pp2 — Pp1 + apPp1 — aB,BBz]} T3 (Pp1 — cpPp1) =0 (4.20)

Analogously, the single-product firms’ problems are shown below.

max 7,
Pg2

k € {A, B}. Differentiating profit functions (4.4) and (4.5) with respect to associated
prices gives

0Ty, 1 1 1
9Py, = {E - (2_9t) [Paz — Pa1 + @afar — aABAZ]} - Z_Bt(PAZ —CaPaz) =0 (421)

dmp, 1 1 1
9Py, = {E - <Z) [Ps2 — Pp1 + apPp1 — aB,BBZ]} ~ o (P2 — cpPBp2) = 0. (4.22)

Solving (4.19) - (4.22) reveals the price functions in stage 3 at a given set of
quality enhancement levels.

2 1 1
Py1(Bar, Baz) = 0t + §CAﬁA1 + §CA,3A2 + 3 (asBar — aafaz) (4.23)
) 1 2 1
Pi2(Bar, Paz) = 0t + §CABA1 + §CABA2 —3 (asBar — aafaz) (4.24)
) 2 1 1
Pg1(Bp1,Pp2) =t + §C3331 + §CBBBZ + 3 (apfp1 — apPp2) (4.25)
) 1 2 1
Pg,(Bp1,Pp2) =t + §C3331 + §CBBBZ —3 (apfp1 — apPp2) (4.26)

After substituting (4.23) - (4.26) in (4.3) - (4.5), the firm profit functions in
reduced form are shown below.
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71 (Ba1, Baz Be1, Br2)

1
1_ CaPar  CaPaz  aPar — aAIBAz] CAﬁAl t3 CA’BAZ
2 60t 60t
+5 (aAﬁm a4Paz)
1 1
1 cpPp1 CBPB2 . Aafar — Aufaz t _ECB’BBl + §CBﬁBZ
27 6t T Ter T 6t 1
+§ (apPp1 — agPp2)
—baBar” — bpPe1’ (4.27)

a2 (Bar, Bazs Be1, Br2)

1 1
_ 1+ CaPa1 B CaPaz B afa1 — Aafaz ot + §CAﬁA1 N §CA’BA2
2 60t 60t 60t
- § (asBar — anfaz)
—baBaz” (4.28)

T2 (Ba1, Baz  Br1) Be2)

1 1
_ 1+ CePr1 _ CePB2 _ asfa1 — aA,BAZ] t+ 563331 - 563'832
2 6t 6t 6t
- § (agfp1 — agfp2)
—bpPa,” (4.29)

Stage 2 The multi-product firm and the single-product firms maximise their
own profits as shown below.

max 7q
Ba1,PB1

maxry,
Bk

One may differentiate (4.27) - (4.29) with respect to associated quality enhancement
levels (Bi); k € {A, B}, i € {1,2}. After solving the derivatives, the equilibrium quality
enhancement levels are shown below.

Ba1 = Baz =

Ay — Cy

~eh (4.30)

169



ag — C
Bin = Bio = =5 — (431)

Substituting (4.30) and (4.31) in the price functions (4.23) - (4.26) yields the

equilibrium prices below.

Calay — C
Py = P, = 1 1 AL~ ) o 4) (4.32)
A
Cglap — C
Ph =P, =t+ cs(d5 — ) (4.33)
6by

Proposition 4.1

When bundling is not allowed, firms choose symmetric prices and quality
enhancement levels. Therefore, firms have equal market shares and profits in each
market.

Proof See the appendix (Section 4.5.1).

The result is consistent with the standard Hotelling model; firms choose
symmetric prices and quality enhancement levels in each market because firm 1
competes with its rivals in each market separately. The equilibrium prices are
determined by taste cost, costs of quality enhancement and additional utility from the
quality enhancement within the same market. As a result of the symmetric outcome in
each separate market, the multi-product firm and the single-product rivals have equal
market shares and profits in each market.

Observation 4.1
Taste cost has positive effects on the equilibrium prices but no effect on the
equilibrium levels of quality enhancement.
Proof
From (4.30) - (4.33),
0Py _ Pis _
ot ot

0Py, 0Pi,
ot Jdt

0 > 0;

1>0;

0Bar  O0Baz . 0Bz 0B
ot ot =0 ot ot =0 -
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In each market, firms choose their quality enhancement levels depending only
on relevant costs and additional utility from quality enhancement, but independent of
taste cost. In general, firms set prices to cover additional marginal costs of quality
enhancement. In addition, they can raise prices according to an increase in taste cost
because substitutability between rival products deceases. If cost structure and additional
utility from quality enhancement in the two markets are identical, the price in the less

competitive market is certainly higher.
Consumer surplus with no bundling

After substituting the equilibrium outcomes (4.30) - (4.33) in (4.6), consumer
surplus in the no-bundling case is
(as —cn)®  (ap—cp)® 56t 5

= -t 4.34
CS = Va+Vp + =2+ TRt (4.34)

B Comparative statics analysis

In the no-bundling case, the equilibrium quality enhancement level (8,;) and
prices (Py;) are determined by associated costs and additional utility in the market k;
k € {A,B}and i € {1,2}.

Quality enhancement

According to (4.30) - (4.31), the equilibrium quality enhancement levels are

affected by the costs and addition utility in the following way.

B _ _ (ak—ci)
1 aby 6b7 <0

When the investment cost increases, firms find it less profitable to compete

fiercely on quality enhancement. Thus, the equilibrium quality enhancement levels drop.

Bri _ _ 1
2) dcg - 6by <0

Likewise, if the additional marginal cost increases, firms have less incentive to

invest in quality enhancement.
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9B _ 1
S)Bak_ 6bk>0

By contrast with the costs, if the additional utility from quality enhancement is
perceived to be greater from consumers’ perspective, firms have a tendency to invest

in higher quality enhancement level to attract consumers.
Price

Consider (4.32) - (4.33), the equilibrium prices are clearly affected by the
costs and addition utility as follows.

_ _ Cklag—ck)
1) abx 6b? <0

Prices decrease with investment cost. When investment cost decreases, firms
compete by increasing the equilibrium quality enhancement levels and then raise prices
to cover the costs of quality enhancement.

)aP]:i _ ag—2cg

dcy 6by
The effect of additional marginal cost on prices is ambiguous. Prices may

decrease with additional marginal cost if the cost is comparatively high (¢ > %).

Under this assumption, when the cost increases, the quality enhancement levels
decrease and the marginal costs drop noticeably, and consequently the prices go

down. On the other hand, when the cost is relatively low (¢, < %), prices may

increase with the cost. For example, when the per-quality-unit cost of additional
marginal cost (c,) decreases, firms decide to increase their quality enhancement
levels. However, the per-quality-unit cost is so low that the additional marginal cost
(Cy) decreases. Overall, the prices go down.

3) %’: = 667"’( >0

Prices increase with additional utility from quality enhancement. This is
because this factor precisely determines the equilibrium levels of quality enhancement

which firms take into account in their price decision.
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4.3.2 The pure-bundling strategy

When pure bundling is allowed, firm 1 implements the strategy which affects
the market outcomes as follows.

® Equilibrium market outcomes

Stage 3 Firm 1 only sells its products as a product bundle, so consumers have
only two choices, bundle [A1B1] and combination [A2,B2]. In this stage, firm 1
solves the following problem.

maxp 14
From (4.7), the first-order condition (FOC) is

dmy 1 ,. 1
ﬁ = _Z(P — CaPar — CB.BBI) + 2

1 _
+ <§) [PAZ + PBZ — P+ aAﬁAl - aAﬁAZ + aBﬁBl — aBﬁBZ] = 0. (435)

Analogously, the single-products firms’ problems are shown below.

max 1,
P2

where k € {4, B}. From (4.8) and (4.9), the FOCs are as follows.

67TA2 1 1
= —— (P — —
9P, Zt( 42 — Cafaz) + >

1 _
B (E) [Paz + Ppz — P + aufa1 — aufaz + apPp1 — apPs2]l =0 (4.36)

aT[Bz _ 1 (P ) n 1
9Pg, = T B2 CgPp2 2

1 -
J— (2_t) [PAZ + PBZ - P + aAﬁAl - aABAZ + aBBBl - aBBBZ] = O (4_37)

At any given set of quality enhancement levels, the equilibrium prices are
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_ 5 3 1 3 1
P*(Ba1, Baz: Br1, Pr2) = Zt + Z CaBar + Z CaBaz + Z cgPBp1 + 1 CePBr2

+—[auBar — asPaz + apPp1 — apPp.] (4.38)

N

3 1 3 1 1
Pi2(Bats Baz Pp1, Pr2) = Zt + ZCABAl + ZCAﬁAZ + ZcBﬁBl - ZCBﬁBZ

1
2 [aaBar — aPaz + apPp1 — agPp:] (4.39)

3 1 1 1 3
Pgo(Ba1, Bazs Be1, Be2) = Zt + ZCAﬁAl - ZCABAZ + ZcBﬁBl + ZCBBBZ

1
~2 [aafa1 — aaPaz + apPp1 — apPpz]- (4.40)

Substituting (4.38) - (4.40) in (4.7) - (4.9), one obtains the following.
71(Ba1s Bazs Be1, Be2)

( 1 1 1 1 3
E . i 7 CaPaz + 7 CgPp2 — 7 CaBa1 — Z cgPp1
8 2t 1
+ Z [asBa1 — asPaz + apfp1 — apfp2l
.y >
5 1
y Zt - ZcAﬁAl + ZCA[))AZ - ZCBﬁBl + ZCB[?BZ
1
L *ta [aaBar — @aPaz + asPp1 — apPr2] )
—baBar” — bpPei’ (4.41)

a2 (Bar, Bazs Be1, Br2)

( 1 1 1 1 \
3 112 CaPaz + 7 CeBr2 — 7 CaPa1 — 2 CeBr1
8 2t| 1
+ 7 [asBa1 — aaPaz + apPp1 — apfpa]
= < ’
3 1 1 1 1
y Zt + Z CaBa1 — P Cafaz + P cgPp1 — P cgPp2
1
\ 2 [@aBa1 — aaPaz + apBp1 — apPp:] 1,
—baBas’ (4.42)
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T2 (Ba1, Baz Br1) Be2)

. 1 1 1 1 w
E ~ l 7 CaPaz + " cgPp2 — 2 CaPa1 — " CgPBp1
8 2t 1
+Z [asBa1 — aaPaz + apfp1 — apfp2]
= -
3 1 1 1 1
y Zt + Z CaBa1 — Z CaPaz + Z cgPBp1 — Z CgPBr2
1
L 2 [a4Bar — asBaz + apBp:1 — apPp] | )
—bpPBry” (4.43)

Stage 2 The multi-product firm and the single-product firms’ problems are
defined below.

max 7,
Ba1.8B1

max Ty,
Bk

One may differentiate (4.41) - (4.43) with respect to associated quality enhancement
levels (Bxi); k € {A,B}, i € {1,2}. The following outcomes satisfy the FOCs.

(ag — ca)[20tbybg — bg(a, — cy)* — ba(ag — cp)?]

P = gh[16tbyby — ba(an — c2)% — ba(as — o)) (444)
., (ag— ca)[12tbybg — bg(asy — ca)* — ba(ag — cp)?]
Baz = (4.45)
8by[16tbybp — bg(a, — cy)? — by(ap — cp)?]
. (ag —cp)[20tbybg — bp(as — c4)* — bs(ap — cp)?]
Be1 = (4.46)
8bg[16tbsbg — bg(as — c4)? — ba(ag — c)?]
(ag — c)[12thybg — bg(aa — ca)* — ba(ag — cp)?] (4.47)

Po2 = 8bg[16tbybg — bg(a, — c4)? — ba(ag — cp)?]

Substituting (4.44) - (4.47) in (4.38) - (4.40) gives the equilibrium prices of

the game as follows.
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P = Zt
[ (as — ca)*  (ap —cp)? ]
- +
1 bA bB
NES s
16 n (ZOtbAbB —bg(a, — CA)Z — by(ag — CB)2> <a/21 - CX n azza - C§
| 16tbybg — bg(as — ca)?* — ba(ag — cp)? ba bp |
P, = 3 t
3calan — ca)
by
1 _ calas —cy) (20tbAbB — bg(as —ca)* — ba(ap — CB)2>
+ (R) ba  \16thyby — by(as — ca)? — ba(ap — cp)? (4.49)
4a,(a, — cy)thg + 4(ag — cg)?thy
16tbybg — bg(as — c4)* — by(ap — cp)?
sz = t
3cg(ag —cp)
bg
4 (i) B cg(apg — cp) (20tbybg — bg(as — c4)* — by(apg — cp)* (4.50)
16 bg 16tbybg — bg(ay — c4)? — by(ag — cp)? '

4ag(ag — cg)th, + 4(a, — c4)?thg
16thabg — bg(as — c4)? — by(ag — cp)?

Proposition 4.2

(i) When the multi-product firm employs the pure-bundling strategy, it chooses
higher quality enhancement levels than the single-product firms, i.e. 8,; > B, and
Bs1 > Bs2-

(i1) The multi-product firm sets its bundle price lower than the total price of the
single-product firms’ product combination when quality enhancement involves relatively
high costs but yields comparatively low additional utility:

P <) Pip Py i | j@:)*f;;j;(a‘;i);) < (2) 4tbyby.

Proof See the appendix (Section 4.5.2).
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After pure bundling, consumers have only two choices of products, bundle
[A1B1] and combination [A2,B2]. The differentiation between these two choices
becomes based on the taste cost of the less competitive market. Costs and additional
utility from quality improvement in one market have some effect on the equilibrium
prices and quality enhancement levels in the other market. The multi-product firm
certainly chooses higher levels of quality enhancement than its single-product rivals.
This is because it incorporates the spillover between the two markets into its profit-
maximisation problem, but the single-product firms still maximise their own profit
separately (without cooperation). Choi (2004) and Kramer (2009) also reported
similar results in their settings of pure bundling where the multi-product firm ties its
monopoly product with its competitive product. Even though the multi-product firm
faces duopolistic competition in both markets in the present study, it still employs

pure bundling to achieve dominance through its superior quality.

The price comparison is ambiguous. The multi-product firm’s bundle price is
lower than the total price of the single-product firms’ product combination when the
costs of quality enhancement, compared to the additional utility, are extremely high.
In this case, the process of quality enhancement involves high investment costs and/or
results in a substantial increase in marginal production costs, so the multi-product firm
gives a stronger focus on price than quality enhancement because of the inefficiency
in cost of quality enhancement. It offers slightly higher quality enhancement levels,
and it aggressively sets lower price than its rivals in order to expand its consumer
base. In this model, consumers evaluate the two product choices with regard to perfect
information on quality and price. Consumers can perceive the lower price of bundle as
an indirect discount. This is similar to the result of Nalebuff (2004), where firms are
not allowed to vary quality of product in the setting of pure bundling. However, when
the costs of quality enhancement, compared to the additional utility, are not too high,
the multi-product firm concentrates on its investment in quality enhancement and

accordingly sets its bundle price higher than the single-product firms.

Observation 4.2
After pure bundling, the strong competition in the more competitive market

(8) no longer affects the equilibrium levels of quality enhancement and prices.
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Proof
According to (4.44) - (4.50),

B 0P 0P;, OPg, .
30 = ’W_ ,W—O,W—O,kE{A,B},lE{LZ} ]

After pure bundling, only [A1B1] and [A2,B2] remain available to consumers.
From consumers’ viewpoint, they have to choose either [A1B1] or [A2,B2], and the
products in the more competitive market become more clearly differentiated after
being tied with those in the less competitive market. Hence, consumers evaluate the
two available product choices mainly based on the taste cost of the less competitive

market (t).

Proposition 4.3
After pure bundling, the multi-product firm has higher profit with larger

market share than the single-product firms, i.e. ©; > m,, + mp, and MS; > % > MS,.

Proof See the appendix (Section 4.5.3).

After internalising the spillover between the two tied markets, the multi-
product firm finds it profitable to offer higher quality enhancement levels to attract
consumers and then becomes dominant with larger market share and higher profit

than its single-product rivals.
Consumer surplus with pure bundling

Consumer surplus after pure bundling is

0%t t
CS=V,+Vz— <3 +tY°(1—Y% —0t(1 —Y°) + ayBs, + agPs,
9 P* — (Pi, + Pgy)
~(Bi+ P + (5 - 7°) . s
—a4Pa1 + auPiz — apPp1 + apPp:

1+9) 2tbabp
2

where Y? = Y (0) = (— +

16tbabp—bp(aa—ca)?>—ba(ap—cp)? "’
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B The pure-bundling strategy VS the no-bundling strategy

In stage 1, to emphasise the effect of pure bundling, the pure-bundling market

outcomes are compared with the no-bundling benchmark in this section.

20thabg—bg(as—ca)?—ba(ag—cg)?
Denote ) = abp—bp(ag—ca)*—ba(ap—cp) A
16tbgbp—bp(ag—ca)?>—ba(ap—cp)?

:aA_CA>0, ]B: aB_CB>0.

Proposition 4.4a
When the pure-bundling strategy is implemented instead of the no-bundling

strategy, the outcomes of the multi-product firm change as follows.

(i) In both markets, the multi-product firm decreases its quality enhancement
levels when quality enhancement involves relatively high costs but yields comparatively

low additional utility:

Ba1 pure < Baino» Bipure < Bsino iff bgA? 4+ byB? < 4tb,bp.

Conversely, it increases the levels when the process of quality enhancement is
efficient enough in terms of cost and additional utility:
Ba1 pure > Ba1no» Br1pure > Baino iff 4tbabg < bgA® + byB* < 12tb,bp.

(if) The multi-product firm raises its bundle price when the two tied markets
are significantly different in competition intensity:
(3.0. - 3) [bBaAA + bAaBB]

D * * * H 1
Phure > (S)Pi1no + Prino Iff 6 < (Z)Z + 28tbaby :
+(3.Q. - 5) [bBCAA + bACB]B]
(iii) The multi-product firm’s market shares increase in both markets, i.e.

MS; pyre > MSy1 80 = MSpq no-

(iv) The multi-product firm’s profit increases, i.e. ] pyre > 1 No- 1hE puUre-
bundling strategy dominates the no-bundling strategy for the multi-product firm in

most situations.”®

" In this section, it is assumed that @ is not too extremely high in order that the strategy is still

credible in the analysis of pure bundling. See the appendix (Section 4.5.4) for details.
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Proof See the appendix (Section 4.5.4).

Compared to the no-bundling benchmark, the pure-bundling strategy can
increase the multi-product firm’s profit in most situations. Consequently, at stage 1 of
the game, firm 1 will use the pure-bundling strategy instead of no bundling. When the
two markets are tied, the product choices are limited. Firm 1 takes this opportunity to
reconsider about quality enhancement and pricing by incorporating the spillover
concern into its profit-maximisation problem. It will spend less on quality enhancement
to save cost if the investment cost and additional marginal cost of quality enhancement
are very high in associated with a comparatively negligible amount of additional
utility.” It may not be worthwhile to attract consumers by heavy investment in quality
enhancement with this inefficient technology. This is because the markets seem less
competitive when only two options of product combinations remain available after pure
bundling. Otherwise, due to the significant effect of the spillover, the pure-bundling
strategy may stimulate the multi-product firm’s investment if quality enhancement
does not involve too huge investment cost and additional marginal cost but yields
relatively substantial additional-utility. This study points out that the multi-product
firm’s incentive to invest in quality depends on the efficiency of the quality
enhancement approach in terms of cost and additional utility. This contrasts with the
close paper by Choi (2004) that argued that the multi-product firm certainly increases

its investment in cost reduction after pure bundling.

The effects of the pure-bundling strategy on prices are ambiguous. Two effects
of pure bundling occur. First, pure bundling reduces the number of product choices
and obscures the strong competition in market A, thus firms may charge higher prices.
Second, in response to pure bundling, firms may change their quality enhancement
levels, which directly affect marginal costs and finally their pricing. When the two
markets’ taste costs are significantly different (6 is sufficiently low), the price of
bundle [A1B1] is higher than the no-bundling benchmark. When the more competitive
market is tied with the far less competitive market, the reduction in competition

intensity after pure bundling benefits the multi-product firm so significantly that it can

" See more details in the appendix (Section 4.5.7).
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raise its bundle price. Otherwise, it will lower its bundle price in the process of profit
maximisation, which internalises the spillover after pure bundling. With more attractive

quality and reasonable price, the multi-product firm can expand its market share.

Proposition 4.4b
When the multi-product firm implements the pure-bundling strategy instead of

the no-bundling strategy, the single-product firms are affected as follows.

(1) The single-product firms decrease their quality enhancement levels in both

markets, i.e. B4z pure < Bazno aNd Bz pure < Brano -

(ii) The single-product firm in the less competitive market decreases price, i.e.
Pgs pure < P2 no- Ambiguously, the single-product firm in the more competitive
market raises its price when the two tied markets are significantly different in

competition intensity:
PXZ Pure > (S) PXZ No Iff

6 < () 3 (30— 1)c,A(16thbg — bgA? — b,B?) + 12a,Ath,bg + 12B%th,*
4 48tb,(16tb by — bgAZ — b,B?) '

(iii) The market shares of the single-product firms shrink in both markets, i.e.

MSuz pure < MSaz no aNd MSp; pyre < MSp; no-

(iv) In the more competitive market, the single-product firm’s profit increases

when the two tied markets are significantly different in competition intensity:

Tpz pure > () Mho o IFF

2

( ( 12tbby )1 )
i n AZ 1_1 —bBAZ—bAIBZ |
16 ' 18th,| 2 ( 16tb,by )j

| \—byAZ — b,B?
6 < ()4 5 4 .
6 | bgA®?+ b B? 1| bgA?+ b,B?
~16 ( 16th,b, ) 16 ( 16tb,b, )
\ _byA? — b,B?) | _byA? — b,B2) | )
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In the less competitive market, the single-product firm’s profit decreases, i.e.

* *
TR pure < B2 No-

Proof See the appendix (Section 4.5.5).

When the multi-product firm implements pure bundling, the single-product
firms decide to save cost and react by decreasing their quality enhancement levels,
which are finally lower than those of firm 1. This is because they separately consider
their own profit-maximisation problems without the spillover concern. This finding
confirms the result of Choi (2004) and Kramer (2009) that pure bundling reduces the
single-product rivals’ incentive to invest, even in the duopolistic environment with

more intense competition.

According to Proposition 4.2 and Proposition 4.4a (i), with pure bundling,
firm 1 becomes stronger and acts aggressively in investing in quality enhancement.
The single-product firm in the less competitive market is adversely affected by this
aggressive bundling strategy. As a result, firm B2 responds by reducing price to
maximise its profit in this difficult situation. Finally, it certainly loses its market share
and profit. However, the outcomes of the single-product firm in the more competitive
market ambiguously change. When the two markets’ taste costs are very different
(6 is very low), firm A2 indirectly benefits from pure bundling by firm 1. When the
more competitive market is tied with the much less competitive market, the
substitutability between product choices drastically diminishes according to a limited
number of available product choices. For this reason, firm A2 may increase its price
and its profit grows despite a reduction in market share. Otherwise, tying the markets
leads to only a small drop in the degree of competition of market A, and consequently
firm A2 has to reduce price according to a decrease in its quality enhancement level.
In this case, firm A2, similar to firm B2, earns smaller market share and lower profit

than the no-bundling benchmark.

Proposition 4.4c
Compared to the no-bundling case, the effect of the pure-bundling strategy on
consumer surplus is ambiguous. Consumer surplus decreases when the two tied markets

are significantly different in competition intensity:
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CSpure < (=) CSy, iff

_ E _E 2
2+ Q Q
1[A%? B?

8 8
8(6+9)<(=2)9-9N+3Q%? ——|—+— .
( ) <(2) t| b, bB][+ (3Q — 6)thsbg J

16th,by — bgAZ — b, B2

Proof See the appendix (Section 4.5.6).

A change in consumer surplus is ambiguous. Pure bundling reduces consumer
surplus when the taste costs of the two markets are significantly different (6 is low).
The limitation of product choices causes distortion of the allocation of consumers,
which leads to the disutility from the unavailability of consumers’ ideal product
combinations. In addition, due to a reduction in competition intensity after pure
bundling, price distortion occurs, especially in the more competitive market. The
distortions of price and the allocation of consumers adversely affect consumer
welfare. This dominates the benefit from firm 1’s decision on quality enhancement
levels and bundle price by virtue of firm 1°s spillover concern. On the other hand,
consumer surplus may increase when the two markets’ taste costs are not significantly
different (6 is sufficiently high). Tying the two markets does not lead to severe
distortion. Therefore, the benefit of the spillover concern outweighs the disutility and

the negative effect of price distortion.
4.3.3 The mixed-bundling strategy

In addition to a product bundle, firm 1 also offers its products separately
in accordance with the mixed-bundling strategy, which has effects on the market

outcomes as follows.
B Equilibrium market outcomes

Stage 3 The multi-product firm solves the following problem.

max 1y
PA1,PB1,0
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Differentiating (4.15) with respect to associated prices and bundle discount
(6) yields the following FOCs.

o, 1 ) 89 367
aPAl = _ﬁ(PAl CAﬁAl) 4«9t2 ( CBﬁBl) + X+ — ot + 89t2 =0 (4‘52)
o, ) 1 5%  36%
3P, = T 1002 (Pa1 — €aPar) — Z(Pm cgPp) +y+—+ 80tz 0 (4.53)
x ) \
an1 40t2) (Paz = cabar) + (Zt + 49t2) (Po1 = 1)
—0 (4.54)
| 6% b6y 36° |
( VT T ot set? }

Analogously, the single-product firms’ problems are shown below.

max
Bk

k € {A,B}. The FOCs obtained from differentiating (4.16), (4.17) with respect to

associated prices are shown below.

0Ty, 1 0y o
__ L 1522 _ =0 4.55
0P, th( w2 — CaPaz) +1—2% 20t 86t2 (*:55)
aT[Bz 1 6x 62
N 15 9%_ — 4,
0Py, Zt( 52 = CBpa) 17 2t “8gez 0 (#36)
where
11
X = E‘l‘ z_et(PAz - PAl + aAﬁAl - aAﬁAZ)
1

1
+ Z_t(PBZ — Ppy + agPp1 — apPpz).

The function of the equilibrium discount by firm 1 cannot be expressed
explicitly as a closed-form expression. However, after considering (4.54) in the

neighbourhood of § = 0, it is found that
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A~ A~

67'[1 y £ B
5=0 N <2_9t> (Par = caPar) + (2_t) (Pg1 — cgPp1) — X7.

a5

If § = 0, the mixed-bundling competition becomes the no-bundling case in which
firms choose symmetric quality enhancement levels and prices in equilibrium.
Therefore,

om 1oy 4.57
05 lseg 4~ (4:57)
As a result, if mixed bundling is allowed, firm 1 has incentive to offer a

bundle discount in order to increase its profit. Thus, in equilibrium, * > 0.

Due to the fact that equilibrium bundle discount cannot be expressed in closed
form, one may write the equilibrium prices as functions of quality enhancement levels
and equilibrium bundle discount (6). After solving (4.52) - (4.56), the equilibrium

prices at any given set of quality enhancement levels are as follows.

PX1(5A1'BA2'BB1'[332) =

o (642 5%t e §*° 2 3]
3 6 = 2880t 9

9602t* — 400t256*% + §5**
+ 14402 CaPay
40t% — 36*2
+ 1 CaPaz
1446t2 260t2 + 63
el = 4.58
(1449%4 — 760t25%% + 5*4> ( 360t )CBﬁBl (4.58)

260t2 + 83
<—369t )CB,BBZ
40t2 — 36*2
+ ( 12
280t% + 6*3
< 360t

> (aaPar—aaBaz)

) (agBr1—agPp2)
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Pgl(ﬁAl'ﬁAZ'ﬁBlrﬁBZ) =

1440t2
14402t* — 760t25*% + §5+*

[ )

Py, (ﬂAl»,BAZr,BBllﬁBZ) =

6" 1440t>

6t \14402t* — 760¢28°% + 6+

[

%2

+0t+ —

12t + §CABA1 +

3

+(

|
“

)

5*0t2 §*°
+
6  2880t2

280t + &3
—\ | cabPar

360t
+ ( > CaPaz

28*
9

3

3

(4.59)

*

2
=CaPaz + —CpPp1 —

6t

<9t3 -

280t2 + 6*3

360t

9662t* — 400t25*% + 5**

1446¢2 )cBﬁBl

40t2 — 38**

*'( 12

260t2 + 6*°

360t

40t% — 362
12

> CeBa2

> (aaPar—aaBaz)

) (agBp1—agPpz)

+_8*9t2 N §*>
6 2880¢2

280t + &3
————— | caPas

5%t
3

2

9

%3

_'< 366t
N 260t + 53
366t

9602t* — 400t25** + §5**

*’( 1440t2
<49t2——38*2
+—
280t2 + &2

12
* ( 366t

<49t2——38*2
+—

) CaBaz

) CePB1

> CePBa2

> (aaPa1—aaBaz)

12

) (agBp1—agPpz)

1
3 (aaPar1—aaBaz) (4.60)
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P§2 (ﬁAb Baz, Be1, ﬁBz) =

o (o5 5%t e §*° 2 23]
3 6 ' 28802 9

9602t* — 400t25** + 6**
+ CaPa1

1446t2

40t% — 36*2
+ — 1 CaPaz

5* 1440t2 5 2602 + §*3
60t \ 14462t* — 760t286% + 6** - 360t csBp

280t2 + &3
—366t CgPp2

40t2 — 38**
+ 1 (asBar—aafaz)

28*0t2 + &*°
T (agPp1—apPp2)

6*2 * 1

+t+ 120t + @CAﬁAl + §CBﬁBl + §C3ﬁ32 - § (aBﬁgl—aBﬁBz) (461)

Stage 2 Firms choose quality enhancement levels simultaneously. The multi-
product firm and the single-product firms’ problems are as follows.

max 7,
Ba1,BB1

max Ty,
B2

One may differentiate the reduced-form profit functions with respect to associated
quality enhancement levels (By;); k € {A, B}, i € {1,2}. Further, one can substitute
(4.55) and (4.56) into the derivatives and then obtain the following.

om, [ 1 0Py,
=[1-—(/Pp—c )](—+a —c)
3B S 4z aBaz 0f, T
+ [1 ~of (Ppy — CBﬁBz)] m — 2bsfa1 =0 (4.62)
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amy [ 1 dP,,
[ o o eap| 22
1 0Py,
+ [1 T (Ppz — CB,BBZ)] (6331 CB) —2bgfgr =0 (4.63)
aT[AZ 1 aPAl 6 aPBZ 6 aPBl 6 66
— Py — )[—+a —Cs— = (A —) ]
042 20t 42~ CaPaz 0Bz 4 2t 0Bz 2t 0Bz 2t/ 0Pz
—2byBas
=0 (4.64)
omg, 1 | 0Bp, © " 20t0Bp, 20t 0P, | )
aﬁBZ—E(PBz_CBﬁBz) _<A+i> 96 — 2bgPp;
[ X" 26t) 3B, J
=0 (4.65)
Proposition 4.5

(i) The multi-product firm offers a bundle discount (§* > 0) with the mixed-
bundling strategy and sets higher individual prices than those of the single-product
rivals, i.e. P;; > P;, and Pg; > Pg,.

(i1) In the more competitive market, the multi-product firm’s quality enhancement
level is higher than the single-product firm’s counterpart.

The quality enhancement outcome in the less competitive market is ambiguous
according to 6. However, if the two markets are identical in cost structure and
additional utility of quality enhancement and taste costs are not too different (6 is
sufficiently high), the outcome is similar to that in the more competitive market.

Proof See the appendix (Section 4.5.8).

The no-bundling case can be seen as the mixed-bundling case with § = 0. The
multi-product firm offers a bundle discount (6 > 0). Even though the multi-product
firm’s prices are higher than its rivals’ prices, its product are still attractive because it
can offer a bundle discount as a price-discriminatory tool under the mixed-bundling
strategy. It rewards the consumers who purchase its bundles at a discount. Moreover,

in the more competitive market, it invests more heavily in quality enhancement and
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then attracts consumers, especially those who do not buy its bundle but purchase
either product Al or product B1. The single-product firms cannot discriminate
consumers by a bundle discount. In response to the multi-product firm’s discounted
prices, the single-product firms (without cooperation) have to attract consumers by
setting lower prices, which affect all consumers in the same way. This reaction is
commonly found as strategic complements in a price game. Thus, in the more
competitive market, the single-product firm certainly decreases its quality enhancement
level to save cost. These quality enhancement outcomes is also found in the less
competitive market if the taste costs of the two markets are not too different (6 is
sufficiently high). Even though the multi-product firm gives up some revenue due to
the bundle discount, it can promote its profit after all. This is partly because of its

higher individual prices than those of the single-product firms.

Quality discrimination is not practical in this setting. The multi-product firm
offers the same levels of quality enhancement to all consumers. Suppose the taste
costs of the two markets are not too different (6 is sufficiently high), the multi-
product firm decides to set higher levels of quality enhancement than the single-
product firms in order to attract the consumers who confront its higher individual
prices. Similarly, with the pure-bundling strategy, as stated in Proposition 4.2, the
multi-product firm also chooses to invest in quality enhancement more heavily than

its single-product rivals.

Proposition 4.6

(i) After mixed bundling, the multi-product firm has higher profit than the
single-product firms, i.e. m; > my, + mp, .

(i) The equilibrium market shares are ambiguous.

In the more competitive market, it is more likely that the multi-product firm has
larger market share than the single-product firm.

The outcome in the less competitive market is ambiguous according to 4.
However, if the two markets are identical in cost structure and additional utility of
quality enhancement and taste costs in the two markets are not too different (8 is
sufficiently high), the outcome is similar to that in the more competitive market.

Proof See the appendix (Section 4.5.9).

189



The multi-product firm may persuade some consumers to switch to its product
bundle by means of mixed bundling. Compared to the less competitive market, the
multi-product firm is more likely to steal some market share from its single-product
rival and become dominant in the more competitive market with lower taste cost. The
outcome in the less competitive market is ambiguous. However, if the two markets
are identical in cost structure and additional utility of quality enhancement and taste
costs in the two markets are not too different (8 is sufficiently high), this market share
outcome is also found in the less competitive market. Additionally, it is certain that
the sum of the single-product firms’ profits is less than the multi-product firm’s profit.

The mixed-bundling strategy puts the single-product firms at a disadvantage.

In addition to the pure-bundling strategy, the multi-product firm may earn
larger market shares than its rivals after adopting the mixed-bundling strategy. Both
pure bundling and mixed bundling can increase the multi-product firm’s profit, and it

certainly has higher profit than its rivals.
B The mixed-bundling strategy VS the no-bundling strategy

The effects of the mixed-bundling strategy on market outcomes are discussed
in form of a comparison between the mixed-bundling outcomes and the no-bundling

benchmark.

Proposition 4.7a

After the implementation of the mixed-bundling strategy instead of no
bundling, the multi-product firm’s profit increases whereas the two single-product
firms’ profits decrease in both markets, i.e. 7] pixea = T1 No» a2z Mixed < Taz No @Nd
T po mixed < B2 No- 1he mixed-bundling strategy dominates the no-bundling strategy
for the multi-product firm.
Proof See the appendix (Section 4.5.10).

In stage 1 of the game, the multi-product firm has incentive to employ the
mixed-bundling strategy instead of no bundling because it can increase profit after

mixed bundling. The bundle discount can be seen as a tool for the multi-product firm
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to persuade the consumers who originally buy other product combinations to choose
its bundle [A1B1] instead.

Proposition 4.7b

When the multi-product firm employs the mixed-bundling strategy instead of
the no-bundling strategy, the prices and quality enhancement change as follows.

(i) The multi-product firm raises its individual prices, whereas the single-product
firms reduce their prices in both markets, i.e. Py; mixea > Pa1i No» Pe1 mixed > P51 nos
Pa2 mixea < Pazno N Pp; yixea < P2 no-

(i1) In the more competitive market, the multi-product firm increases its quality
enhancement level, but the single-product firm decreases its quality enhancement level,
i.8. Ba1 mixea > Baino @A Baz mivea < Paz no-

A change in quality enhancement in the less competitive market is ambiguous.
However, if the two markets are identical in cost structure and additional utility of
quality enhancement and the taste costs of the two markets are not too different (6 is
sufficiently high), the multi-product firm increases its quality enhancement level but
the single-product firm decreases its quality enhancement level in the less competitive
market.

Proof See the appendix (Section 4.5.11).

Similar to Gans and King (2006), Reisinger (2006) and Avenali, D’ Annunzio
and Reverberi (2013), this study finds that the multi-product firms strategically increase
its individual prices, but its bundle is still attractive because of a bundle discount. The
single-product firms’ reaction is to reduce their prices. The consumers who intend to
buy other product combinations exclusive of bundle [A1B1] will perceive that the
multi-product firm’s individual prices are higher than the single-product firms’ prices.
Consequently, in the more competitive market, the multi-product firm finds it
profitable to increase investment in quality enhancement from the no-bundling
benchmark in order to attract some of these consumers. Meanwhile, the single-
product firm decreases its quality enhancement level in order to reduce associated cost
and accordingly offers lower price. This key finding is also found by Avenali,
D’Annunzio and Reverberi (2013). Even though the multi-product firm’s monopoly

power is removed from the present study, mixed bundling still undermines the single-
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product firms’ incentive to invest in the setting of more intense competition. However,
the result in the less competitive market is ambiguous. Provided that the two markets
are identical in cost structure and additional utility of quality enhancement and the
two markets are not too different in competition intensity (6 is sufficiently high), the

quality enhancement outcome is similar to the more competitive market’s counterpart.

Proposition 4.7¢c

After the implementation of the mixed-bundling strategy instead of the no-
bundling strategy, a change in the market share outcome is ambiguous.

In the more competitive market, it is more likely that the multi-product firm
can increase its market share, whereas the single-product firm’s market share decreases.

The outcome in the less competitive market is also ambiguous. However, if
the two markets are identical in cost structure and additional utility of quality
enhancement and the taste costs of the two markets are not too different (6 is
sufficiently high), the outcome is similar to that in the more competitive market.
Proof See the appendix (Section 4.5.12).

A comparison of market shares is ambiguous. If the two markets are identical
in cost structure and additional utility of quality enhancement and the two markets are
not too different in terms of competition intensity, the mixed-bundling strategy does
not only threaten the single-product firms’ profit, but also decreases their market shares.

In summary, the multi-product firm takes advantage of a wider range of
product lines by means of mixed bundling in order to reap more profit. It can offer a
bundle discount as an extra price-discriminatory tool. Meanwhile, the single-product
firms (without cooperation) cannot implement this discriminatory pricing and still

carry out only one pricing scheme which applies to all consumers.

Proposition 4.7d
After the implementation of the mixed-bundling strategy instead of the no-

bundling strategy, a change in consumer surplus is ambiguous.
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However, if the two markets are identical in cost structure and additional
utility of quality enhancement and the taste costs of the two markets are significantly
different (@ is sufficiently low), mixed bundling certainly decreases consumer surplus.

Proof See the appendix (Section 4.5.13).

In the extreme case analysed by Avenali, D’Annunzio and Reverberi (2013)
where the multi-product firm ties its monopoly component with its competitive
component, the mixed-bundling strategy jeopardises consumer surplus. However, the
present study relaxes the assumption about competition intensity and finds that the
effect of mixed bundling on consumer welfare is ambiguous. The mixed-bundling
strategy, similar to the pure-bundling strategy, is more likely to undermine consumer
welfare when the two tied markets are significantly different in competition intensity.

This result is clearly illustrated in Corollary 4.1 as mentioned below.

Corollary 4.1

Suppose both markets are identical in taste cost, cost structure and additional
utility of quality enhancement, consumer surplus certainly decreases after mixed
bundling.
Proof See the appendix (Section 4.5.14).

According to Proposition 4.7d, suppose the two markets are significantly
different in taste cost (@ is sufficiently low), the markets are noticeably distorted after
the less competitive market is tied with the more competitive market. Even though
mixed bundling may stimulate the firms to offer higher quality enhancement levels of
product Al and B2 in this case, the changes in quality enhancement of the other
products have a considerably negative impact on consumer surplus. As a result,
consumer surplus decreases after all. In addition, suppose the two markets are not too
different in taste cost (@ is sufficiently high), the multi-product firm’s quality
enhancement levels slightly increase while those of the single-product firms
substantially decrease from the symmetric no-bundling benchmark. The effect of the
mixed-bundling strategy on consumer surplus is ambiguous in this case. However, a

substantial drop in the single-product firms’ quality enhancement levels is more
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noticeable than a slight increase in those of the multi-product firm. Thus, it is likely

that consumer surplus decreases after mixed bundling.”

As stated in Corollary 4.1, if the two markets are identical in taste cost, cost
structure and additional utility of quality enhancement, i.e. 6 = 1, by, = bg, ¢4 = cg,
a, = ag, the equilibrium outcome in market A is identical to that in market B. It is
found that the deterioration of the single-product firms’ quality enhancement has
more significant effects on consumer surplus than a boost in that of the multi-product
firm. In this setting of identical parameters, the mixed-bundling strategy reduces

consumer surplus.

4.4 Conclusion

This study examines the effect of the pure-bundling and the mixed-bundling
strategy on the market outcomes and consumer surplus. In this model, one multi-
product firm and two single-product rivals compete in two duopolistic markets, which
have different degrees of competition (different taste costs). They choose quality
enhancement levels and then prices to attract consumers. Without bundling, firms
compete with each other in each market separately. This leads to the symmetric
equilibrium in each market. However, both bundling strategies dominate the no-
bundling strategy because the multi-product firm can increase profit after bundling,

while the single-product firms lose profits in most situations.

With pure bundling, the multi-product firm considers the spillover between the
two tied markets, whereas its single-product rivals (without cooperation) neglect it.
As a result, the multi-product firm can offer higher quality enhancement levels than

its rivals. The bundle price of the multi-product firm is lower (higher) than the total

"2 The effect of mixed bundling on consumer surplus is ambiguous according to 6. The result
is illustrated in the three cases of 8 (@ is low, 6 is moderate, and 8 is high). However, this
study focuses its analysis of consumer welfare on the case of low 6. This attracts the
regulators’ attention and relates closely to leverage theory in the context of bundling. See

proof in the appendix (Section 4.5.13).
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price of the product combination of the single-product firms if the process of quality

enhancement is inefficient (efficient enough) in terms of cost and additional utility.

However, compared to the no-bundling benchmark, pure bundling undermines
the single-product firm’s incentive to invest in quality in both markets, but the multi-
product firm’s decision on quality enhancement is ambiguous. If the process of
quality enhancement is inefficient (efficient enough) in terms of cost and additional
utility, the multi-product firm decreases (increases) its quality enhancement levels.
The comparison in prices is also ambiguous. The bundle price of the multi-product
firm and the price of the single-product firm in the more competitive market are
higher than the no-bundling benchmarks if the two markets’ degrees of competition
are so different that these firms benefit from a reduction in competition intensity after
pure bundling. Meanwhile, the single-product firm in the less competitive market
reduces its price because its multi-product rival is more aggressive with the pure-
bundling strategy. The multi-product firm’s market share expands. The single-product
firm in the less competitive market certainly loses profit. Despite a reduction in
market share, the single-product firm in the more competitive market may enjoy an
increase in profit if the benefit from tying the more competitive market with the much

less competitive market prevails.

Mixed bundling is a price-discriminatory strategy. Compared to the no-bundling
benchmark, the multi-product firm increases its individual prices in both markets in
spite of its bundle discount. Meanwhile, the single-product firms decrease their prices.
In the more competitive market, the multi-product firm raises its quality enhancement
level in order to attract the consumers who are charged high individual prices. The
single-product firm decreases its quality enhancement level corresponding to its lower
price. In the less competitive market, a change in quality enhancement is ambiguous.
The outcome is similar to that in the more competitive market if the two markets are
not too different in competition intensity. A change in market shares is also ambiguous.
The multi-product firm’s market shares are likely to expand in both markets when the
two markets are not too different in competition intensity. In addition to pure bundling,
the multi-product firm can also implement the mix-bundling strategy to achieve

dominance under these circumstances.
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Compared to the no-bundling benchmark, the pure-bundling strategy reduces
consumer surplus when the two markets are significantly different in competition
intensity. In this case, the negative effect of the less intense competition with a limited
number of product choices outweighs the benefit from the multi-product firm’s
spillover concern. Similarly, the effect of the mixed-bundling strategy on consumer
surplus is ambiguous. Consumer welfare is threatened if the two markets’ degrees of
competition are significantly different. A decrease in quality enhancement levels of
the single-product firms is likely to be more substantial than an increase in quality
enhancement levels of the multi-product firm. In this case, the mixed-bundling
strategy is likely to have a negative impact on consumer surplus. Similar to pure
bundling, mixed bundling tends to be employed for the purpose of enlarging the
product differentiation in the more competitive market rather than promoting strong
competition in price and quality enhancement, especially when a more competitive

market is tied with a much less competitive market.

Bundling seems unacceptable when consumer welfare is main concern in some
situations. However, the sectoral regulators should take into account some positive
effects of bundling. For instance, pure bundling can promote the multi-product firm’s
quality enhancement when the quality enhancement does not involve relatively huge
costs. Therefore, in the remote areas with low demand and prohibitive investment cost
in telecommunications, pure bundling is not an appropriate approach to stimulate
quality enhancement. Pure bundling should not be allowed in this situation in order to
prevent the predatory practice by the multi-product firm and protect consumer welfare.
On the contrary, in the more competitive market, mixed bundling can at least
stimulate quality enhancement by the multi-product firm, which is likely to serve the
majority of consumers. The bundling strategy may pave the way for higher standard
of product quality in the future. In addition, the effect of mixed bundling on consumer
surplus is still ambiguous, so it is possible that consumer surplus may increase under
some conditions. A ban on mixed bundling in this situation is a short-sighted intervention.
The single-product rivals may submit a petition against bundling in an attempt to halt
a decline in their own profits. However, it is not necessary for the regulators to

intervene when all of the tied markets are highly competitive.
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Further research may extend to a group of light consumers, who intend to
consume either product A or product B. Additionally, the issues about vertical
differentiation in quality and market segmentation are also interesting in the context
of bundling.
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4.5 Appendix

4.5.1 Proof of Proposition 4.1

Substituting the equilibrium outcomes (4.30) - (4.31) in the profit functions
(4.27) - (4.29), the equilibrium profits are as follows.

Ot t (ag—ca)? (ag—cp)?

4 - 4.A1
=5 Y27 360, 36b; (4.AD)
. 0t (ag—c)?
Typ = 7 - W (4A2)
t (agp—cp)?
by = —— —— 4.A
s:7; > 36bs (4-A3)

It is certain that m; = my, + mg,. Substituting (4.30) - (4.33) in (4.1) and (4.2), the

locations of marginal consumers show symmetric market shares in both markets.

1
MSp1n0 = MSpy no = MSgino = MSpano = E (4.A4)

MS;; no 1S market share of product ki in market k in the no-bundling case; k € {A, B},
i €{1,2}.

4.5.2 Proof of Proposition 4.2

Proof that bg(a, — c4)? + bs(ag — cg)? < 12tb by to guarantee the
existence of interior equilibrium

This study casts light on the telecommunications markets which are involved
with extremely high cost structure, especially investment cost of infrastructure. It is
assumed that all the quality enhancement levels are non-negative. In the business
world, firms cannot or hardly decrease their quality from the standard level. From
(4.44) - (4.47), Ba1, Baz, Bs, and Bg, are non-negative when the condition that
bg(a, — c4)? + by(ag — cg)? < 12tbyby is satisfied.
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(i) Quality enhancement
From (4.44) - (4.47),

* * (aA - CA) [8tbAbB]
Bar — Baz = — N2 EPRY
8b,[16tbybg — bg(as — c4) ba(ag — cp)?]

>0

(ag — cp)[8tbybg]

Pin = Piz = 8bp[16thybg — bg(a, — c4)* — bs(ap — cp)?] >0

This is because 16tb,bg — bg(a, — ¢4)? — by(ag — cg)? > 0 under the condition for
an interior equilibrium mentioned above, bg(as — c4)? + ba(ag — cg)? < 12tb,bg.

(ii) Prices

From (4.48) - (4.50),
Py, + Pg, = Et
2
[ (20“9,4193 — bg(ay —c4)* — bs(ap — CB)2> <(aA —ca)? + (ap — CB)2>_
16tbybg — bg(ay — c4)* — by(ag — cp)* b, bg

+(za)

12tbybg — bg(as — c4)* — by(ap — cp)*\ [aj — ¢4 + ag — c3
16tbsbg — bg(as — ca)? — by(ag — cp)? by bg

PZZ + sz_p*
( (aA - CA)Z n (aB - CB)Z 1— 20tbAbB—bBA2 - bABZ \
L1 b, bs 16th,by—bgAZ — b, B2 }

416 az —c? N a% —c3 ( 8th,by )
\ b, by ) \16th,by — bgAZ — b, B?

(T6thibs—byAZ — b, 57 LeA” + baB® + bacaA + bycyB — 4tbyby)

Whel‘eA=aA—CA>O and B=aB—CB>0.

An interior equilibrium exists when bg(ay — ¢4)? + bs(ag — cg)? < 12tb,bg.
Under this condition, 16tb,bz—bgzA? — b,B% > 0. Accordingly, P;, + P;,—P* >0

when bg(a, — c4)? + by(ag — cg)? + bgca(a, — c4) + bacg(ag — cg) < 4tb,bg.
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4.5.3 Proof of Proposition 4.3

Substituting the equilibrium quality enhancement levels (4.44) - (4.47) and the
equilibrium prices (4.48) - (4.50) in (4.7) - (4.9) yields the following equilibrium
profits.

., 25t N 5t bg(a, — c,)? + by(ag — cp)?
™ =732 T 16\ 16tbybs — bg(ay — c4)? — ba(ag — c5)?

Lt bsas —ca)? + balag —cp)?  \’
32\16tbsbg — bg(a,y — ca)? — by(ap — cp)?
20th,bg 2
1 ((aa— ca)? 4 (ap — cp)? /_bB(aA — ca)” = ba(ag — CB)Z\ (4.A5)
64 bA bB 16tbAbB

—bg(a, — c4)? — bs(ap — cp)?

. 9t 3t bg(a, — c4)? + by(ag — cp)?
42 = 35 T 16\ 16tb,by — bg(a, — c1)? — by(ag — c5)?

t bp(as — ca)® + by(ag — cg)? ’
32\16tb,bg — bg(a, — c4)? — by(ag — c)?

1 (a4 — cy)? <12tbAbB — b(a, — c4)? — by(ap — c3)2>2

4. A
64 I 16tbh by — bg(ay — c4)? — by(ag — cg)? (4.46)
% _ 9t 3t bB(aA - CA)Z + bA(aB - CB)Z
B2 = 35 T 16\ 16th,bg — by(a, — c1)? — by(ag — Cp)?
+ t bg(as — ca)® + by(ag — cp)? ?
32 16tbAbB - bB(aA - CA)Z - bA(aB - CB)Z
1 (ag — cp)? (12tbabg — bg(as — ca)® — ba(ag — cp)? 2 4 A7
64 bg 16tbhybg — bg(a, — ¢ )% — by(ag — cg)? (4.A7)
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Due to the condition bg(a, — c4)? + by(ag — cg)? < 12tbybg, firm 1 has

higher profit than the total of its rivals’ profits, i.e. @y > my, + mp, .

As seen in Figure 4.4, market share of firm 1 in the tied markets is as follows

when bg(ay — c4)? + ba(ag — cg)? < 12tb,bg in the existence of interior equilibrium.

MS1pure = (3) IV(O) + ¥ (D)

5 /1 b —c)?+b —cp)? 1
_24 (_) B (@4 — Ca) a(ag — Cp) >z (4.A8)
8 \8/\16th by — bg(ay — c4)?> — by(ag — cp)? 2

MSp; pure = MSg3 pure

3 (1) ( bg(as — CA)Z + by(ag — CB)Z )

1
- g - 16tbAbB - bB(aA - CA)Z - bA(aB — CB)Z <5 (4A9)

2

8

4.5.4 Proof of Proposition 4.4a

(I) ﬁ:ll Pure ; B:ll No» ﬁ*Bl Pure ; B*Bl No
One can compare (4.30) with (4.44), and (4.31) with (4.46) to show that

Bi1 pure — Baino = 0 and By pure — Bp1no = 0 respectively.

The condition bg(a, — c4)? + by(ag — cg)? < 12tb,by should be satisfied to

guarantee the existence of interior equilibrium. A=a, —c, >0, B=ag —cg > 0.

) . 3A(20thbg — byA? — b,B?) — 4A(16th,bs — bgA? — b,B2)
ﬁAl Pure BAl No — 24‘bA(16tbAbB _ bBAZ _ bA]BZ)

BA*l Pure 3:11 No < 0 when bBAZ + bAIBg2 < 4'tbAbB- le Pure 1321 No = 0
when 4tb by < bgA? + b,B? < 12th,bg.

. . 3B(20tbybg — byA? — byB?) — 4B(16tb,bg — bpA? — byB?)
:831 Pure :831 No — 24bA(16tbAbB _ bBAZ _ bAIBZ)

Bi1 pure — B no < 0 when bpA? + byB? < 4tbybg. Bi1 pure — Boino > 0
when 4tb by < bgA? + b,B? < 12th,bg.

201



=\ Pk > * *
(ii) P'pure = Paino + PBino

From (4.32), (4.33), and (4.48), P; pyure — (Pi1no + Pi1no) > 0 when

0

< 27 18th,b, i

+(3Q —5) [bgcyA + bycgB

WherEA = aA _CAI ]B = aB - CB'

~ ] - A o
ThUS’ P*Pure % P/Tl No + P§1 No if 0 ; 1 {(3 3) [bBaA + bAaB ]]}

1
Z 48tbpbp +(3.Q - 5) [bBCAA + bACB]:B
respectively.

(iii) MS1 pure > MSp1n0 = MSB1 no
From (4.A4) and (4. A8), firm 1’s market share increases.

(IV) Tl'; Pure > 71'; No
Comparing (4. A1) with (4.A5), 7] pure — T1 no > 0 in the range of 6 where
the pure-bundling strategy of firm 1 is still credible.

Proof of the range of @ in the analysis of pure bundling

If 6 is too extremely high, the pure-bundling strategy of firm 1 will not be
credible and then pure bundling is pointless to be analysed because firm 1 will not
deviate from the no-bundling strategy to the pure-bundling strategy. Hence, in the
pure-bundling section, @ is assumed to be within the range of 6 that varies according
to the costs and the addition utility from quality enhancement as in Figure 4.6 with regard

to the condition for an interior equilibrium, bg (as — c4)? + ba(ag — c)? < 12tb,bg.
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0.9 -
0.8 -
0.7 1
0.6
0.5
0.4
0.3 -
0.2 1
0.1 1

0 T T T T T T T T T T T T 1 (bBAZ + bA]BZ)
0  2thyby A4thsby 6tbyby 8thsby 10th,bs 12thbg
—— Maximum value of 6

bBAZ + bA]BZ = bB(aA - CA)Z + bA(aB - CB)Z

Figure 4.6 The maximum value of @ in the analysis of the pure-bundling strategy

The maximum value of 8 decreases according to a considerable increase in
costs and a substantial decrease in additional utility. When the costs are not too high
and the additional utility is not too low, the pure-bundling strategy of firm 1 is

credible, regardless of value of 6.

4.5.5 Proof of Proposition 4.4b

(I) ﬁle Pure < ["Zz No: ﬁ*BZ Pure < B*BZ No

Comparing (4.30) with (4.45), and (4.31) with (4.47) gives the following.

.BA*Z Pure — .BZZ No
_ 3&(12tbAbB - bBAz - bA]BZ) - 4‘A(16tbAbB - bBAZ - bA]BZ)

24b,(16th,by — byA? — b,B?) <0

BEZ Pure ~— BEZ No
_ 3B(12tbybs — byA® — byB?) — 4B(16tb,by — byA® — byB?)

0
24b,(16thyby — bgA2 — b, B?) s
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In regard to the condition that bg(a, — c4)? + by(ag — cg)? < 12tb,bg for an
interior equilibrium, 16tb,bg — bgA%? — b,B% > 0 and 12tb,bg — bgA? — b,B? > 0.

(“) P:IZ Pure % P:IZ No’ P*BZ Pure < P*BZ No
From (4.32) and (4.49), P} pure — Pi2 no > 0 When

5 < 3 (30— 1c A(16thyby — bgA2 — byB?) + 12a,Ath,by + 12B%th,>
4 48tb,(16thybg — bgA% — b, B?) ’

WherEA = aA _CAJ = aB - CB'

(30-1)cA(16tbgbp—bpA2—bsB?)+12a,4Atb 4bp+12B2tb 42
48tbh 4(16tbgbg—bgAZ—b4B2)

* > * < 3
PAZPure < PAZNo when 6 = Z_

respectively.

From (4.33) and (4.50), after rearranging the expression, Pz, pure — Pp2 no > 0

if Q< 1 4tbbpg(cgB+16tbg) . _ ZOtbAbB—bB(aA—CA)Z—bA(aB—CB)Z
cgB (16thosbg—bgAZ—b4B2) ! - 16tbabg—bg(ag—ca)?—bs(ag—cp)? '

However,

1 4tbsbp(cpB+16tbp)
Q > 1 S - — AYB\CB B
3 cgB (16tbabg—bgAZ2—b4B2)

interior equilibrium; k € {4, B}. Therefore, P3, pure < P2 no-

when a;, by, ¢, are in the range yielding an

(iii) MS 42 pure < MS 42 No» MSB2 pure < MSpa no

From (4.A4) and (4. A9), firm A2 and firm B2’s market shares decrease after
pure bundling.

(iV) 71':12 Pure % 71':12 No’ 7-"'*BZ Pure < n*BZ No
Comparing (4.A2) with (4.A6), and analogously (4.A3) with (4.A7) reveals

* * > * *
that T4 pyre — Maz No = 0 @Nd T35 pyyre — Tpa o < 0.

* *
TTa2 pure — a2 No

( 162 — 2880 + 10A” 10 bpA” + by B )
. i th, 16th by — byAZ — bABZ &

- 7 2 2 2 2 2 2\ 2
| 15 bsA? + b,B 9A? (12th,bs — bgA bAIB |
\ 16tb,by — byAZ — b,BZ)  th, \16thybs — bpAZ — bAIBZ )
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T[IZZ Pure ~ T[ZZ No > 0 when

( [ 12tb,by 1 )

. P /(—bBAZ - bA]B%Z) |

16 18th, | 1=3 \ 16tb,by |

| (—bBAZ — bABZ) ]

0 <A« s
2
6 [ bgA?+ b,B? 1 [ bgA? + b,B?
16 16th,b; *16 16th, by

N\ pme)) \ a2 hm2))

where A =a, —c,and B = ag — c.
4.5.6 Proof of Proposition 4.4c

From (4.34) and (4.51), one can rearrange CS pye — CS no < 0 @S

15 3

1[A?2 B2 —2tg-gh
80(0+9)<9-90+30% ——|—+— ,
( ) t[ba bgll (3Q — 6)tb,bg J
16tbAbB - bBAZ - bA]BZ

20tbabp—bp(aa—ca)*>—ba(ap—cp)?

where = 16tbabg—bg(aa—ca)?*—ba(ag—cp)?’

A=(1A—CA>0,]B= aB—CB>0.

15 3
—2+-20--02
1[A%? B2
=4 =
t Lbg bp (3Q-6)tbybp

16tb4bg—bgAZ—b 4B2

CSpure S CSpyo if B(O+9)S9—-90+30%—

4.5.7 Proof of the conditions for the multi-product firm’s
equilibrium quality enhancement levels in the pure-bundling

case

It |S mOI'e Ilkely that bB(aA - CA)Z + bA(aB - CB)Z - 4‘tbAbB < 0 When bk
and c, are comparatively high and a; is relatively low in accordance with the
following; k € {A, B}.
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d[bp(ag—ca)?+ba(ap—cp)*—4tbpbp
ab,

] = (aB - CB)Z - 4th < 0 |f (aB - CB)Z < 4‘th

d[bg(aa—ca)?+ba(ap—cp)?—4tbbp|
abg

= (aA - CA)Z - 4‘tbA < 0 |f (aA - CA)Z < 4tbA

d[bg(aa—ca)?+ba(ap—cp)?—4tbbp|
aCA

= _ZbB(aA - CA) < 0

d[bg(aa—ca)?+ba(ap—cp)?—4tbbp|
aCB

= _ZbA(aB - CB) < 0

d[bp(aa—ca)?+ba(ap—cp)?—4tbbp|
aaA

= ZbB(aA - CA) > O

6[bB(aA—cA)2+bA(aB—cB)2—4tbAbB]
dag = 2bs(ag

_CB)>0

It is assumed that a; > ¢, and by, is relatively high according to the nature of

telecommunications cost structure and the assumption of the second-order conditions

2 2
for the existence of equilibrium. gﬁnlz < 0and ‘; 742 < 0 when (a, — c4)? < 32th,.
Al A2

(3211'1 621'[32 2 .
=<0 and ——= < 0 when (ag —cg)* < 32thg; k € {A,B}.
9Bp{ 9Bp;

4.5.8 Proof of Proposition 4.5

(i) Prices

Proof that 6* > 0

From (4.54), the equilibrium discount cannot be expressed explicitly. One
may consider the derivative at § = 0, which is similar to the no-bundling situation. At
6 = 0, the equilibrium prices and quality enhancement levels are symmetric, i.e.
Pyi =Py, , Pgy = Pgy, Bar = Baz, Bs1 = Pry- At § =0, firm 1 has incentive to

increase & (offer a bundle discount) in order to reap more profit.
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(<2L9t) (%) [0t + ca(Ba1ls=0) — CA(ﬁleé‘:O)]\

damy

1
=5 = ;>0 (4.A10)

~~

=1+ (52) (5) 1t + aBialsc) — calBinli-o))

I T

Proof that P, > P}, and Pz, > Pjp, in the mixed-bundling case

Considering the case of no bundling (6 = 0), firms choose the symmetric
equilibrium outcomes of prices and quality enhancement levels in both markets.
However, when firm 1 is allowed to vary & in the mixed-bundling case, it definitely
chooses 6* > 0 to maximise profit. Starting from the point § = 0, the derivatives of

prices in market A (4.58) and (4.60) are shown below.

0P4; 1 1 . ) 1
26 ls=0 s + ﬁ(aB — cg)(Bp1ls=0 — Bsz2ls=0) = 5 >0 (4.A11)
95 ls—g ~ 6t (=Pp1ls=0 + cpBpils=0) = ot (=t — ceBp1ls=0 + caBr1ls=0)

1
=-2<0 (4.A12)

As a result of 6* > 0, P,, increases but P,, decreases from the symmetric no-
bundling benchmark. Therefore, after mixed bundling, P;; > Pj,.
Similarly, at § = 0, the derivatives of prices in market B (4.59) and (4.61)

are shown below.

0Pg, 1 ) ) 1
35 lseo ~ 6 180¢ (a4 = ca)Barls=o — Bazls=0) =2 >0 (4.A13)
0P, =L(_P*I—+Cﬁ*|_)=i(—9t—c,8*|_+cﬁ*|_)
06 ls—g 606t A1l6=0 T CaPa1ls=0 60t APa1ls=0 T CaPa1ls=0
1
=<0 (4.A14)
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When firm 1 chooses 6* > 0, Pg, increases but P, decreases from the symmetric no-

bundling benchmark. Thus, in the mixed-bundling equilibrium, Pz, > Pg,.
(i) Quality enhancement

Proof of the comparison of 831, Ba2, Br1, B2 IN the mixed-bundling case

According to (4.A10), firm 1 will offer a bundle discount (6* > 0) but the
equilibrium discount function cannot be expressed explicitly. Instead, one may
consider at a fixed positive value of discount §* to compare the equilibrium quality
enhancement levels with the no-bundling case in which the discount value is fixed at
zero. However, it is found that the equilibrium levels of quality enhancement are
ambiguous according to 6. To illustrate the equilibrium outcomes, it is assumed that
the two markets are identical in cost structure and additional utility of quality

enhancement, but different in taste cost, i.e. 8 € (0,1).

Table 4.1 Parameter assumptions

Parameter value
t 1
6 (01)

a, 2
Ca 1
b, 100
ag 2
Cp 1
bg 100
V4 20
Vg 20

Consider the derivatives of profits with respect to quality enhancement levels
at a fixed discount in the neighbourhood of § = 0. First, when @ is sufficiently high,
the multi-product firm has incentive to increase quality enhancement levels and the
single-product firms decrease quality enhancement levels from the symmetric no-

bundling benchmark in both markets. Thus, S4; > Ba; and Bz > Lg2-
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Second, when 6 is moderate, the multi-product firm has incentive to increase
the quality enhancement level in the more competitive market but decrease the level
in the less competitive market. Meanwhile, the single-product firms still decrease the
quality enhancement levels in both markets. Therefore, it is certain that 3, > B, but

the comparison in the less competitive market is ambiguous.

Third, when 6 is sufficiently low, the multi-product firm still has incentive to
increase the quality enhancement level in the more competitive market but decrease
the level in the less competitive market. Meanwhile, the single-product firm in the
more competitive market decreases the quality enhancement level but the single-
product firm in the less competitive market decides to increase the level. Therefore,
Bi1 > Baz, Be1 < Bgy- These results are shown in Figure 4.7a with § = 0.1, Figure
4.7b with § = 0.2 and Figure 4.7c with § = 0.3.

0.06 , |
\ i i
0-04 ° 1 h
\ : :
.‘ : | o damy
002 DR i i 0L a1
~: _____________ !
0 | bk e ——
R pommmTm T 3B
-0.02 ,/1:’/’ ! 0145
-0.04 VA ; B
I’, i i --------- anBz
e i i 3B
[} | !
[} | '
-0.08 |! : |
0.1 ! . 9

01 02 03 04 05 06 07 08 09 1

Figure 4.7a The derivatives of profits with respect to quality enhancement levels at
the symmetric no-bundling benchmark (,B’Al =By, =24 B =Bp, = w)
6by 6bp

when § is fixed at 0.1.
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Figure 4.7b The derivatives of profits with respect to quality enhancement levels at

the symmetric no-bundling benchmark (,BA1 =By, = a:b;c“,ﬁm = Bp, = %)
A B

when § is fixed at 0.2.
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Figure 4.7c The derivatives of profits with respect to quality enhancement levels at

the symmetric no-bundling benchmark (,BA1 =By = a'gbﬂ,ﬁm = By, = a’;:CB)
A B

when 6 is fixed at 0.3.
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When § is fixed at a given positive value around zero, the levels of quality
enhancement in (4.30) - (4.31), which are in equilibrium in the no-bundling case,
can no longer maximise the corresponding profit in the mixed-bundling case. In the

more competitive market, regardless of 8, the multi-product firm increases the quality

2a” CA) and the single-product firm decreases the level
by

enhancement level (5,41

(ﬁAz ) certainly.

However, it is ambiguous in the less competitive market according to 8. First,

when 6 is sufficiently high, the multi-product firm increases the level (ﬁ;l > ai;CB)
B

but the single-product firm decreases the level (ﬁBZ —) Second, when 6 is
B

moderate, the multi-product firm and the single-product firm decrease the levels

([331, By, < <L ;B) Lastly, when @ is sufficiently low, the multi-product firm decreases

the level (,831 2B CB) but the single-product firm increases the level instead

(852 > 22).

4.5.9 Proof of Proposition 4.6

() Proof that Ty > m), + mp, in the mixed-bundling case
According to (4.16), (4.17) and the equilibrium outcomes in (4.58) - (4.61),

o, 9 28

T (i — caBi) (— 5~ ) < 0 (4.A15)
M52 _ (p: )( *_ 20 )<0 4.A16
36 52 — CeBh2 2t 802 (4. )

After mixed bundling, firm 1 offers a bundle discount so & increases from
zero. Profits of firm A2 and firm B2 decrease whereas firm 1’s profit increases from
the symmetric outcomes of the no-bundling case. Therefore, 7 > m,, + mg, in the

mixed-bundling case.
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(i) Proof of the equilibrium market shares in the mixed-bundling case
As seen in Figure 4.5 with the unit demand assumption, demand for product Al

is clearly interpreted as market share of product Al,

s NI TEATEY 17
A1 Mixed = X thy 2\ 20t 2t ' ( . )

Demand for product A2 indicates market share of product A2,

) 1/6 )
MSpz mixea = 1 — MSp1 mixea =1 — {x + ﬁy + > (ﬁ) (Z)} (4.A18)

Likewise, market shares in market B are the following.

MS —A+5A+1<6>(6) 4,.A19
1) 1/ 6 o)
MSs2uivea = 1= MSpimizea = 1= {9+ -2 +5(5) ()} (4.420)

Henceforth, one may employ the total differential of market share as an
approximation of the sensitivity of market shares in response to a change of

equilibrium quality enhancement levels from the no-bundling benchmark.

s, — M My | OMSiy OMSy o | MSay MSps | OMSi OMSyy o
3B T o, T op, P T g,
s, — OMSs OMSp, | OMSp, | OMSp, |
B1 — aﬁAl ,BAl aﬁBl ﬁBl aBAZ ,BAZ aﬁBz ,BBZ

The derivatives of (4.A17) and (4.A19) with respect to each quality
enhancement level in the neighbourhood of § = 0 are shown in Figure 4.8a and

Figure 4.8b according to a range of 8. The parameter values are assumed in Table 4.1.
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Figure 4.8a The derivatives of market share of product A1 with respect to

quality enhancement levels in the neighbourhood of § = 0
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0Bz
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a]MSBl Mixed
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Figure 4.8b The derivatives of market share of product B1 with respect to

quality enhancement levels in the neighbourhood of § = 0
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To illustrate the effect of mixed bundling on market share, one may follow
(4.62) - (4.65) and manipulate the derivatives to obtain the differentials of equilibrium
quality enhancement levels below. The parameters are assumed in Table 4.1 and bundle

discount (&) is considered as a fixed positive value in the neighbourhood of § = 0.

dﬁm = ﬁA*1 Mixed — ﬁ/’h No

Substituting Bi; mixea @Nd Ba1no IN (4.62) and rearranging the equations
gives (4.A21) and (4.A22) respectively.

1 I Z1A [1 (PAZ Mixed CAﬁAZ Mlxed)]
Pas mixea = (55~ 4 $ (4.A21)
L‘l' Z, [1 (PBZ Mixed CBﬁBZ Mlxed)])
(2,A[1 5o (Piano — Cabiano)|
1 + Z, [1 (PBZ ~o — CePp2 NO)]
Baino = (%)< > (4.A22)
amy
a,BAl Ba1=Baz= 6bAA
k BB1= ﬁBz— ;B/ Y,
Therefore,
dBas
1 . . )
ZlA 20t (PAZ No CA.BAZ No) ( A2 Mixed CA:BAZ Mixed)]
1 * * *
1 +Z; |52 T [(Pg2 no — CBBB2 no) — (P2 mixea — CBBr2 mixea)]
=|—]/ . (4.A23
() / \ - (4A23)
6711
+ aﬁAl Ba1=Baz= gb:A
\ BB1=PB2= gb;B )
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dfgs = ,3;1 Mixed — .3§1 No

Substituting Bz1 pixeqa @d Bp1 no IN (4.63) yields the following

Z3[1_

\
1 (PAZ Mixed CAﬁZZ Mixed)] I
Br1 Mixea = (E) 4 ¥ (4.A24)
L + leB [1 (PBZ Mixed CB:BBZ Mlxed)]J
ZB [1 (PAZ No CAﬁAZ No)]
| 2[5 B~ CoBiano)]
Brino = (%)< \ > (4.A25)
07'[1 |
a,BBl Ba1=Baz= 6b:A
k Be1=PB2= 6b;B )
Therefore,

( 1 . . )
Z[ 57 (Piz o = CaBiz o) ]

3
[_ 2_9t (P,Zlkz Mixed ~— CAﬁZZ Mixed)J

1
e B[ == (P50 = CoPBia o) ]
dPp: = (m>< 1 [ 1

(4.A26)
2t (PBZ Mixed CBBEZ Mixed)J

[ on, \

+ aﬁBl ﬁA1=.3A2_ag;:A
\ ﬁBl ﬁBZ— 28_Cp )

6bg

dfa; = BA*Z Mixed — ﬁﬁz No

Substituting B1s mixea @Nd Baz no 1N (4.64) gives the following
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1
ﬁAZ Mixed = (ﬁ

(
Baz no = <2bA> Z4A [201& (PAZ No — CaBaz No)]

anAz
aﬁAz Bai= ﬁAz—
L B1=Bp2=
Thus,
( " . A
| 5g7 (Pizwo = Cabione) |
= |
1 l_ Z_Ht (P;lkz Mixed ~— CAﬁZZ Mixed)J
=) >-
BAZ ZbA <
07TA2
aBAZ Ba1=PBaz= 6b:A
\ BB1=PB2= _;B ),
dPg; = ,Bgz Mixed — BB2 No

Substituting B, pixea @Nd B2 no IN (4.65) yields the following

1 1
BBZ Mixed = (E) {24]]33 [Z_t (PBZ Mixed ~ CBﬁBZ Mixed)]}

1
(2,8 |- (Pga o = CoBsano)

1
BB2No = (ﬁ)i aﬂsz . !
B L 0By |BPar=Bar="5 2 J
BB1=Bp2= 6b;B
Therefore,
r * * w
| 5 Piowo — Cobinno) |
_Z4IB
1 - E (PEZ Mixed — CB:BEZ Mixed)
o= 55) :
B2 2bs
aT[BZ
t 5. 0Bg2 Ba1=Baz= gb:A
\ Bp1= ﬁBz— ;B J

216

1
A) {Z4A [ﬁ (PAZ Mixed ~— CAﬁAZ Mixed)]}

(4.A27)

< (4.A28)
6b
ap— B

\_\,___/

6b

(4.A29)

(4.A30)

(4.A31)

(4.A32)



where

Bri no 1S the equilibrium level of quality enhancement of product ki in the no-bundling
case.

Bri mixea 1S the equilibrium level of quality enhancement of product ki in the mixed-
bundling case.

A=ay—¢c,>0

]B:aB_CB>0

k € {A, B}

i €{1,2}

;- ) 1440t> 260t% + 63 +2
1™ 6t \14402t* — 760t262 + 54 360t 3

9662%t* — 400t%5% + 64>

[cA < ]
7= — ) < 144012 )I 14401t2 i
60t \ 1440%t* — 760t2562 + §* l a <49t2 - 352> J
4 12
)
+ ﬁcA
[CB <9692t4 —400t%6% + 64>]
Z, = _£< 1446t2 ) 1446t2 | N
6t \ 14402t* — 760262 + 6+ 402 — 352 6t °
l +ap <T> J

I 1440t2 40t% — 352
T 14402t* — 760t252 + 64 12
52 1440t> 40t — 362
120t2\ 144602t* — 760t262 + 64 12

) 1440t2 280t% + 63
2t \14462t* — 760t262 + 64 360t |
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Ata fixed valueof § 20,7, >0,2,<0,Z23<0,Z,>0and Z, > Z;.
dBa; > 0and df,4, < 0 for all values of 6. Comparing (4. A23) with (4.A29)

reveals the following.

|dBazl — |dBasl

( 1 (Pi2 no — CaBaz no) )
_z A( )

—(Px2 mixea — CaBaz mixea)

1 ) (P§2 No — CBﬁEZ No)

_ 1 —Z, (2_t
B <_> < _(PBZ Mixed ~— CBﬁBZ Mixed)

/anAZ \ /67‘[1 \
a,BAZ Bai= ﬁAz— 6bA aﬁAl Ba1= ﬁAz— 6ba
\ \ Bp1= ﬁBz— 6bg / \ BB1=PB2= 6b33/)

However, the signs of dBg, and d S, depend on value of 8. Compare (4.A26)

'

(4.A33)

with (4. A32) yields the three following cases of 6.
First, when @ is high, dfg; > 0and dfg, < 0.

|dBg2| — 1dBpl

( 1 (Pg2 no — CsPB2 No) )
(z - 28 (5)
_(PEZ Mixed ~— CB.BEZ Mixed)

1 (PXZ No — CAﬁZZ No)
_Z —_
3 (29t)

—(Pi2 mixea — CaPaz mixea) r >0 (4.A34)

67'[32 \ aﬂl \
Ba1=Bap=247CA |~ Ba1=Bar=24-CA

a:BBZ 6by aﬁBl 6by
c c
L Bp1=Bp2= gbBB Bp1=Bp2= gbBB
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Second, when 6 is moderate, dfz1,dfg, < 0.
|dBp2| — |dBpl
( 1 (Pg2 no — CPB2 No) )
(Z,+7,)B (Z)
_(sz Mixed ~— CBﬁgz Mixed)
(PIZZ No — CABZZ No)
1 +Z (—)
_ (_) ) 3\26t ! (4.A35)

—(Pa2 mixea — CaBaz mixea)

/ 0T, \ / omy

\
0P .3A1=5A2=a‘g;c‘4 | + l @ ﬁA1=ﬁAz=a‘g;:A |
L \ .331=.332=a21:53/ \ .331=[>’32=ag;;B/)
Third, when 6 is low, dfz; < 0 and dfg, > 0.
|dBp2l — 1dBp:l
( 1 (P52 no — CBPBB2 No) )

- 28 (5)

_(PI;Z Mixed ~— CB.BEZ Mixed)

(PA2 no — CaBaz no)
_ (L)< 23 (2_9t> > (4.A36)

_(PZ{Z Mixed ~— CAﬁZz Mixed)

on
as—ca \‘ + ! aa—ca \‘

d0mp,
052 Ba1=Baz= 6b 4 P51 Ba1=Baz= 6b 4
L ﬁB1=ﬁBz=alg;;B ﬁB1=ﬁBz=alg;§B/J
It is also found that
a(P,:lkz Mixed ~— CAﬁZZ Mixed) _ 6 14460t> 260t + &3 4 A >0
0Bz "6t |14402t* — 760t262 366t 3
+64
B2 T 6t |1446%t* — 760t252 360t 377
+64
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In conclusion, when 8 is high, Bi; yixea < Baz no N4 Bro mixea < BB2 No -

1 * * 1 * *
One can conclude that [E (Pi2 no — CaBaz no) — >0t (P2 mixea — CaBaz Mixed)] >0,

1 * * 1 * *
and analogously, [5 (P2 no = CeBB2 no) — 37 (Pa2 mixea — CBPa:2 Mixed)] > 0. From

(4.A33) and (4.A34), |dBaz| — |dB41| > 0 and |dBg,| — |dBE1] > 0.

When 6 is moderate, 515 mixea < Baz No @0 Bpa mixea < BE2 no- AccOrding to
(4.A33) and (4.A35), it is concluded that |dfB,,| — |dB41] > 0 but the sign of
|dBg2| — |dBg1] is still ambiguous.

When 6 is 1ow, Bis mixea < Baz no @3N Bgo mixea > BE2no - Therefore, one

1 * * 1 * *
may conclude that [Z_Gt (Pi2 no — CaBaz no) — >0t (Pa2 mixea — CaBaz Mixed)] > 0and

1 * * 1 * * .
[5 (Pg2 no — C8BB2 No) — by (P2 mixea — CpPp2 Mixed)] < 0. According to (4.A33)

and (4.A36), the signs of |dS4,| — |dB41] and |dBg,| — |dBg1| are ambiguous.

. . oMS ; oMS i ..
As shown in Figure 4.8a and 4.8b, —21Mixed gn ——41Mixed gra nositive, but
0Ba1 0PB1
OMS a1 Mixed OMS a1 Mixed : OMS a1 Mixed OMS 41 Mixed
and are negative for all values of 9. = —
0Ba> 0PB2 g 0Ba> 0Ba1
OMS a1 Mixed OMS a1 Mixed : H OMSB1 Mixed OMSp1 Mixed '
and = — . Likewise, and are positive, but
d9BB2 9PB1 0Ba1 dBB1 P
OMSp1 Mixed OMSp1 Mixed H OMSp1 Mixed OMSp1 Mixed
and are negative for all values of 6. = —
0Ba> d9BB> g 0Ba> 0Ba1
OMSp1 Mixed OMSp1 Mixed OMS 41 Mixed OMS a1 Mixed
and analogousl = — . Moreover, > >0
GOUSlY gz, 9Bz 9B 2B
and OMSp1 Mixed - OMSB1 Mixed > 0.

0PBB1 0Ba1

In accordance with proof of Proposition 4.5, first, when 8 is sufficiently high,
dBa1,dBg1 > 0 and df4,, df, < 0. It is certain that MS,1 pixea > MSaz mixea @Nd

MSg1 mixeda > MSga ymixeq 1N this case.

Second, when 6 is moderate, df,; > 0 and df4,, dfgy, dfg, < 0. Thus, if
dBs1 — dBsy + dBgy — dPpx > 0, firm 1°s market shares strongly increase after
mixed bundling. Assuming parameter values in Table 4.1, firm 1 can expand

its market shares certainly. Therefore, it is likely that firm 1’s market shares
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increase from the symmetric benchmark after all, i.e. MSs1 pixea > MSaz mixea @Nd

MSg1 mixea > MSp2 mixea-

Third, when 6 is sufficiently low, df4;, dBg, > 0 and df,,, dfs <O0.

Additionally, in the more competitive market, OMSm mixed -, IMSarmixed -, () The
0Ba1 0BB1

positive effect of dB,, and dB,, is likely to outweigh the negative effect of dfg;
and dBp, on firm 1°s market share. Mixed bundling is likely to expand firm 1’s

market share in the more competitive market. However, in the less competitive

market, aMS:;M""ed > aMS;;M“‘ed > 0. The negative effect of dfz,; and dfSg, has
B1 Al

a tendency to outweigh the positive effect of df,, and df,, on firm 1’s market share.

Consequently, it is likely that firm 1’s market share in the less competitive market

shrinks.

In addition, as clearly shown in Figure 4.8a in the more competitive market,
the effects of quality enhancement levels on their own markets are softened by taste
cost. When 6 increases (taste cost increases whereas the degree of competition
decreases), the market is less competitive. In other words, firms are more powerful to
maintain their market shares, and it is more difficult for firms to approach their rivals’

customers by offering attractive quality enhancement.

4.5.10 Proof of Proposition 4.7a

* * * * * *
Ty Mixed > T01 No» a2 Mixed < a2 No @ gy yixea < Th2 No

0Ty,

At S = 0, (4.A10), (4.A15) and (4. A16) show that% P

>0, < 0and
0

% < 0 respectively. Thus, compared to the no-bundling case, firm 1 chooses §* > 0

and accordingly reaps more profit, while firm A2 and firm B2 lose profits.
4.5.11 Proof of Proposition 4.7b

(i) Prices
P41 mixea > Pa1no @ Pgy pixea > Pp1no

* * * *
Pis mixea < Piz no @00 Pgy mixea < Pp2 o
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Py, >0 Py, dPg,

From (4.A11) - (4.A14), at6 =0, 25 |s_ 25 ls_o Ty

>0

oPg,

and 25 |s_

. < 0. The bundle discount (&) will deviate from zero and finally 6* > 0.

Therefore, firm 1’s prices increase but the prices of firm A2 and firm B2 decrease from

the symmetric price benchmark in the no-bundling case in which § is fixed at zero.
(i) Quality enhancement

In the more competitive market, 11 mixea = Baino a4 Bz mixea < Baz No -
However, in the less competitive market, a change in quality enhancement levels
is ambiguous. According to the proof of Proposition 4.5 (ii) under the parameter

assumptions in Table 4.1, there are different results in the three cases of 6.

First, when 6 is sufficiently high, firm 1 increases its quality enhancement levels
while firm A2 and firm B2 decrease their quality enhancement levels in market A

and market B respectively. Therefore, 11 mixea > Baino s BB1mixed > BB1no @nd
ﬂA*Z Mixed < ﬂA*Z No» :BEZ Mixed < ﬁgz No *

Second, when 6 is moderate, firm 1 increases the quality enhancement level

in market A but it decreases the level in market B. Meanwhile, firm A2 and B2

decrease the levels. Ba; mixea > Bainor Brimixea < Be1no @A Baz mixea < Baz no»

ﬁg’z Mixed < ﬁg’z No-

Third, when @ is sufficiently low, firm 1 increases the quality enhancement
level in market A but it decreases the level in market B. Meanwhile, firm A2

decreases the level in market A but firm B2 increases the level in market B.

BA*l Mixed > BA*l No» ﬁgl Mixed < ﬁgl No and ﬁZz Mixed < ﬁZz No» BEZ Mixed > IB§2 No:
4.5.12 Proof of Proposition 4.7c

A change in equilibrium market shares is ambiguous. Under the assumptions

in Table 4.1, the results depend on 8 as stated in proof of Proposition 4.6 (ii).
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Firstly, when 6 is sufficiently high, it is certain that MS41 mixea > MSa1 o
MSuz mixea < MSpz no aNAd MSg1 Mixea > MSg1 no» MSp2 mixea < MSp2 no-

Secondly, when 6 is moderate, the market share outcomes are ambiguous.
If dBa1 — dBaz + dBp1 — APz > 0, MSp1 mixea > MSa1nor MSaz mixea < MSaz no
and similarly MSg1 mixea > MSg1no» MSp2 Mixea < MSp2 no-

Thirdly, when 8 is sufficiently low, the outcomes are ambiguous. In the more
competitive market, it is likely that MS41 yixea = MSa1ino» MSaz mixea < MSaz No-
Conversely, in the less competitive market, it is likely that MSg1 yixea < MSg1 No»

MSg3 mixea > MSp2 no-
4.5.13 Proof of Proposition 4.7d

A change in consumer surplus is ambiguous. According to (4.30) and (4.31),
the equilibrium outcomes in the no-bundling case (§ = 0) are symmetric and also
contribute to consumer surplus in (4.34). After mixed bundling, § increases from zero
to a certain amount of positive value. The levels of equilibrium quality enhancement
cannot be expressed explicitly. Instead, the total differential of consumer surplus can
be used as an approximation of a change in consumer surplus to compare consumer
surplus in the mixed-bundling case with that in the no-bundling case.

dcs = aﬁdﬁm + ﬂdﬁm + aﬁd,BAz + aﬁdﬁBz
0Ba1 9Bp1 0Bz 0Bp2

In the neighbourhood of § = 0, the derivatives of consumer surplus with
respect to quality enhancement levels when 6 varies in a range of (0,1) are shown in

Figure 4.9.
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Figure 4.9 The derivatives of consumer surplus with respect to

quality enhancement levels in the neighbourhood of § = 0

Substituting (4. A23), (4.A26), (4.A29), and (4.A32) in the above differential
(dCS) yields the following.

( <8CS> (6CS )
0Ba1 0Bz
N N Z,A —7Z,A
(PAZ No — CA:BAZ NO) ! 2bA * ZbA
dcs = — { ’
20t X X
_(PAZ Mixed ~— CAﬁAZ Mixed) (gﬁﬂ)
B1
\ 23 2bg J
( (665) ( acs )\
el nal)
i (Pg2 no — CePB2 No) ] ) A B [
2t _(P);Z Mixed ~— CBBEZ Mixed) ( 6C5>
0B52
N 2418 2bg J

(3 (on \ @) (,, \

. _ n _ )
2by 0Ba1 ﬁAl:B‘“:% 2bg P51 ﬁA1=ﬁA2=a2b:A
3B1=332=a2;;B Bm:BBz:ag;;B
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(ﬂ) acs

0Ba2) | M4z 9Bs,) | 072

2b, | 9p pa=pa=ta | T op | By, |Bampa=tasia | (4-A37)
ﬁBl=ﬁBz=ag;;B ﬁBl=ﬁBz=ag;BCB

According to proofs of Proposition 4.5 and Proposition 4.6, the result is
divided into three cases of 8. First, when 8 is sufficiently high, df4,,dBg; > 0 and
dBaz, AP, < 0.0ne may consider (4. A37) in the neighbourhood of § = 0 by rewriting
(4.A37) with regard to the derivatives and the parameters assumed in Table 4.1. The

sign of dCS is ambiguous.

Second, when 6 is moderate, df34; > 0 and dfg1, dB 42, dfg, < 0. From (4.A37)
in the neighbourhood of § = 0, the sign of dCS is still ambiguous.

Third, when @ is sufficiently low, df41, dfg; > 0and df4,, dfz: < 0.
(Piz no — CaBaz no) — (Paz mixea — CaBaz mixea) > 0

(P32 no — CePB2N0) — (P mixea — CBPB2 Mixea) < 0.

In addition to the expressions, it is also found that

N SN 7 BN ) B ),

—<Z.A .\ Z <0,
20t) % 2p, M0 T2p, T,
and
(665 aCS aCS
1 0Ba1 0Bp1 0B,
2t 22 2b, + 2B 2bg 2418 2bg >0
Furthermore,
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Therefore, one can conclude that dCS < 0 certainly in this case.
4.5.14 Proof of Corollary 4.1

To consider the sign of dCS, one may start with the assumptions of the markets
with the identical degrees of competition and the parameter values in Table 4.1, i.e.
6=1, by =bg, cy, = cg, ag =ag. Firm 1 will set product Al’s price equal to
product BI’s price and choose product Al’s quality enhancement level equal to
product B1’s level. Likewise, firm A2 will choose the same price and level of quality
enhancement as firm B2. This can be seen in both the no-bundling case and the
mixed-bundling case, i.e. Pa3no = Psz2no+ Bazno = Bsznos Paz Mixea = P2 Mixea »
Baz mixed = P2 mixea - ONe may rearrange (4.A37) with these assumptions and

obtain the following.

dCS < 0 if
* * T3
(PAZ No CA.BAZ No) ( A2 Mixed CA:BAZ Mixed) > = (4-A38)
T, + T,
where
<aCS acs acs
1 0Ba1 0Bz 0Bp1
h= g\l ~lfh g Tt Iy, T
(aCS aCcS aCcS
_ 1 aﬁAl aBBl a:BBZ
L=12"2, 2b, + 2,8 2bg 241 2bg |’
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(4.A38) is true because (Py, o — CaPaz no) — (Paz mixea — CaBaz mixea) > 0

and —% < 0 in the neighbourhood of § = 0. Therefore, in this setting of identical
1 2

parameters, the mixed-bundling strategy decreases consumer surplus from the no-
bundling benchmark.

Table 4.2 The value of — - T3T when & is fixed around zero”

1+712
T
s _ 3
T,+T,
0.1 20.03752
0.2 -0.05548
0.3 -0.06758
04 -0.07617
73 This table shows the value of — —=

when § is fixed around zero under the assumptions of the
1 2

markets with identical taste cost (8 = 1) and the parameter values in Table 4.1.
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Chapter 5

Conclusion

The telecommunications sector has been growing rapidly as a result of the
revolution in telecommunications technology and consumer trends. However, entry
into this industry is naturally suppressed by a requirement of enormous amounts of
investment in infrastructure and operation, in addition to the spectrum allocation
managed by the telecommunications regulator. Theoretically speaking, in the absence
of collusion, symmetric firms are expected to compete strongly. It would be easier for
the regulator to monitor the competition among symmetric firms. However, it can be
seen in the real business world that firms are more likely to be different in terms of
cost structure, reputation, consumer bases, the advantages of incumbency, and the
scope of services. All of these aspects in the environment of asymmetry greatly
influence the equilibrium market outcomes. A firm in a dominant position has a great
tendency to impose an aggressive strategy to extract rent and to corner its underdog

rivals by predatory practices.

The main objective of this thesis is to investigate the competition in the
telecommunications sector in the context of asymmetric firms in order to point out the
effects of firm asymmetry on the market outcomes and social welfare under various
critical situations. Chapter 2 has studied the competition between two facility-based
mobile network operators under different access charge regulations in the presence of
firm asymmetry in cost and reputation. Further studying cooperation in the investment
stage, Chapter 3 has examined the quality-enhancing effects of various approaches of
infrastructure sharing, ranging from co-investment amongst competing firms to
service-based entry, in a duopoly setting based on Cournot competition. In addition to
competition in a single product market, Chapter 4 has developed the bigger picture to

capture the competition between a multi-product firm and its single-product rivals in
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two duopolistic product markets with different degrees of competition intensity or
product differentiation. The effects of the multi-product firm’s bundling strategies on

quality enhancement incentives and consumer welfare were explored in this chapter.
5.1 Significant findings and policy implications

As seen in the aforementioned theoretical studies and empirical evidence,
interconnection among mobile network operators is deemed to be a critical aspect in
market inefficiency, especially if firms are asymmetric. To suggest an appropriate
regulatory regime in the setting of asymmetry in cost and reputation, Chapter 2 has
drawn comparisons of three different pragmatic regulations on interconnection;
(1) no regulation on access charge, (2) the symmetric cost-based access charge
regulation and (3) the asymmetric cost-based access charge regulation. In the
unregulated market, the low-cost firm is more likely to secure a dominant position and
serve the majority of subscribers, despite earning an inferior reputation to the high-
cost firm, only if its reputation is not significantly worse. This is because the low-cost
firm can offer a lower on-net price to attract consumers in accordance with marginal
cost pricing. Additionally, similar to the main findings reported by Hoernig (2007),
Lopez and Rey (2009), in the wholesale market, the dominant low-cost firm can set
a higher mark-up on access charge to widen a gap of firm asymmetry and finally reap
higher profit than its high-cost rival. Therefore, intervention by the regulator is
necessary to protect consumer welfare and promote competition in this environment

of asymmetry.

The symmetric regulation has an immediate effect on off-net prices, which are
pushed down to actual marginal costs. After both firms’ access mark-ups are eliminated,
the low-cost firm can no longer undermine its high-cost rival by means of access
charge pricing, but it still takes advantage of its low cost and/or its reputation to hold
the dominant position in the market. Similarly, the asymmetric regulation is a highly
effective way of facilitating entry, especially for a small entrant with high cost. In
other words, there is an increased probability that the high-cost entrant can take over

the dominant position from the low-cost established firm if it has a sufficiently better
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reputation than the established firm. However, the optimal regulation is ambiguous.
The asymmetric regulation can generate higher social welfare if the difference in cost
and the discrepancy in reputation are not too substantial and the two networks are
differentiated enough. Otherwise, it damages social welfare because the new firm
lacks efficiency and the established firm loses its profit more significantly. Thus, the
implementation of the asymmetric regulation should be assessed carefully. It may be
needed for the launch of a new mobile service to stimulate entry of the new network
that may have higher cost and/or a worse reputation (unknown service) than the
established firm. Under the asymmetric regulation, the high-cost firm should be a
potential competitor in terms of cost, reputation and service differentiation to ensure a
boost in social welfare. When the new network is gradually adopted by consumers
and/or improves efficiency in cost, the regulator may reconsider imposing the symmetric

regulation instead because the asymmetry between the two firms becomes subtle.

In addition to the complex relationship amongst competing firms in the pricing
stage, Chapter 3 has shed light on the earlier stage, where firms make their decisions on
investment. Infrastructure sharing in telecommunications was investigated under the
key assumption that firms have different cost structures. This chapter has compared
the impacts of various infrastructure-sharing approaches on incentives for quality
enhancement in next generation network, including (1) stand-alone investment without
infrastructure sharing, (2) co-investment, and (3) the fully-distributed-cost regulatory
regime. Under stand-alone investment, the low-cost firm can offer higher levels of
quality upgrade, firm output and retail price and earn higher profit than the high-cost
firm due to its cost saving. However, the high-cost firm can employ other approaches
of infrastructure sharing to enter the market instead of network duplication. Co-
investment can boost the profits of both firms, even though the high-cost firm with
lower bargaining power agrees to invest in a larger proportion of total investment,
earning lower profit than the low-cost firm. Compared to stand-alone investment, co-
investment may be considered to be collusive in quality upgrade and potentially
results in a shrinkage of consumer bases and a decline in consumer welfare, when

infrastructure sharing does not yield a sufficient amount of cost saving.
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Access to infrastructure under the fully-distributed-cost regulation may be an
alternative solution to the problem of little incentive to upgrade quality. However,
compared to co-investment, this approach causes firms to shrink their consumer bases
and raise corresponding prices instead. Overall, the fully-distributed-cost approach

threatens consumer surplus despite the quality upgrade incentive.

Among these approaches in accordance with infrastructure sharing, the optimal
approach depends on what is the highest priority from the regulator’s perspective. Co-
investment causes lower incentive to upgrade quality, but it can expand the size of the
aggregate subscriber group and yield higher aggregate consumer surplus than the fully-
distributed-cost regulation. In this chapter, the comparison between quality upgrade
and consumer surplus under co-investment and those under stand-alone investment
is still ambiguous according to the degree of benefit from cost saving through
infrastructure sharing. If the cost-saving benefit is substantial, service quality will be
significantly enhanced with the efficient cost structure and consumer welfare will
finally be improved. Therefore, it is suggested that the regulator should support
negotiation on co-investment, only if infrastructure sharing can yield the substantial
benefit of cost reduction. Otherwise, collusion in quality upgrade is likely to occur

and stand-alone investment seems more appropriate in terms of consumer welfare.

In contrast to Chapter 2 and Chapter 3, where firm asymmetry was introduced
in only one product market, Chapter 4 has extended to the competition in the broader
context of asymmetry, involved with multiple product markets with different degrees
of competition intensity. When bundling is not allowed, the multi-product firm is
forced to compete with its single-product rivals in the two separate markets, resulting
in the symmetric equilibrium outcomes of quality enhancement, price, market share

and profit in each market.

However, the multi-product firm has strong incentives to employ some
bundling strategies in order to reap higher profit. These strategies threaten its single-
product rivals in almost all situations. With the pure-bundling strategy, the multi-
product firm offers more attractive quality enhancement, has larger market share, and

accordingly earns greater profit than its rivals because it takes into consideration the
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spillover between the two tied markets, which its single-product rivals omit.
Compared to the no-bundling case, the pure-bundling strategy dampens the single-
product firms’ incentives for quality enhancement in both markets. Meanwhile, due to
the spillover, pure bundling can stimulate the multi-product firm’s investment in
quality enhancement, if the associated costs are comparatively low and the additional
utility from quality enhancement is relatively high. When the two markets are
significantly different in competition intensity, the outcome is surprising in that, in
addition to the multi-product firm, the single-product firm in the more competitive
market can also raise its price and increase profit as a result of a sharp decrease in
competition intensity after pure bundling. Nevertheless, the single-product firm in the
less competitive market undoubtedly decreases its price in response and loses profit

because of the aggressive strategy.

With the mixed-bundling strategy, similar to the findings reported by
Armstrong (2011) and Reisinger (2006), the multi-product firm can discriminate
consumers by offering a bundle discount and charging higher individual prices than
its single-product rivals, and it subsequently earns greater profit. Clearly, this strategy
greatly influences the outcome in the more competitive market. The multi-product
firm can expand market share by attracting the consumers who encounter its high
individual prices by its superior product quality to its single-product rival. These
findings have also been observed in the less competitive market under the condition
that the two markets are not too different in competition intensity. Compared to the
no-bundling case, in the more competitive market, this strategy certainly encourages
the multi-product firm to improve quality and to expand its market share, but it
undermines the single-product rival’s incentive for quality enhancement. This outcome
also unfolds in the less competitive market when the two markets are not too different

in degree of competition.

The pure-bundling strategy is likely to threaten consumer welfare when the
two tied markets are significantly different in terms of competition intensity. The
regulators should not allow pure bundling if a tying market and a tied market are
significantly different in competition intensity. However, the regulators may take into

consideration a boost in quality enhancement through the pure-bundling strategy in
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the situation where the quality enhancement is cost efficient and the two markets are
not too different in competition intensity. Additionally, the regulators should carefully
consider the mixed-bundling strategy because its effect on consumer surplus is also
ambiguous. Mixed bundling may harm consumer welfare if there is a sharp distinction
in degrees of competition in the two markets. In this situation, mixed bundling distorts
the more competitive market so significantly that consumer surplus is destroyed by
the increasing disutility as a consequence of deviating from the originally preferred
products. Otherwise, in addition to an increase in consumer welfare, it is interesting to
note that mixed bundling may stimulate quality enhancement by the multi-product

firm, especially in the more competitive market.

In conclusion, as observed in the three different frameworks of firm asymmetry,
a dominant firm may employ a predatory strategy that puts its rivals at a disadvantage.
The dominance usually results from lower cost structure, better reputation and/or
wider scope of services. In addition to market foreclosure, incentive for quality
enhancement is one of the major concerns. Most predatory strategies adopted by a
dominant firm are more likely to damage consumer welfare. The regulator should
carefully monitor the dominant firm’s behaviour under certain circumstances, which
inevitably involves making trade-offs between static efficiency and dynamic
efficiency. From a dynamic viewpoint, this includes a boost in competition intensity
and quality enhancement.

In the context of interconnection in mobile telecommunications, regulations on
access charge are still necessary to eliminate the aforementioned price distortions.
Compared to the symmetric cost-based access charge regulation, the asymmetric
regulation is more effective in encouraging facility-based entry, but it may not be
optimal in the situation in which the high-cost entrant is too inefficient in terms of
cost, reputation and service differentiation. Moreover, with concern over infrastructure
sharing, this thesis has strongly supported that co-investment yields higher consumer
surplus than the other infrastructure-sharing approaches, including the fully-distributed-
cost regulation and the unregulated access price approach. However, it is argued that
compared to stand-alone investment, co-investment is likely to provoke collusion to

suppress quality enhancement, consequently dampening consumer welfare, when cost
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saving from infrastructure sharing is negligible. Finally, in the setting of multiple
product markets, the pure-bundling strategy and the mixed-bundling strategy probably
reduce consumer surplus when the less competitive market is very distinct from the
more competitive market in terms of competition intensity or product differentiation.
Thus, the regulator should keep a close eye on these strategies in various competitive
situations because their far-reaching effects on welfare vary depending on firm

asymmetry in cost structure, reputation and the competitive natures of the markets.

5.2 Limitations and further research

To systematically analyse the asymmetric firms’ behaviour, it is necessary to
model the competition based on some reasonable assumptions and limitations. These
assumptions are made to highlight the far-reaching effects of firm asymmetry in

critical situations.

Firstly, on the demand side, this thesis assumes specific functional forms of
demand. In order to simplify the models, it is acceptable to set up a specific demand
function and a utility function to capture how consumers perceive products or services
in a particular way. Further research may attain a higher level of generality by
assuming general functions. In addition, in Chapter 3 and Chapter 4, the assumption
of unit demand simplifies the models for telecommunications services in that a
consumer normally subscribes to only one service provider. This assumption may be
reconsidered in further research when it plays a pivotal part in adapting models for

other product markets with different consumption patterns.

Secondly, on the supply side, this study investigates the market outcomes in
the setting of firm asymmetry based on perfect information on the types of the firms.
For example, it is assumed that the firms’ cost structures are not private information.
The regulator can distinguish the low-cost firm from the high-cost firm. Likewise, the
competitors and consumers can correctly perceive cost structures and reputation. In
the telecommunications markets, the assumption about complete information is
reasonable. Service providers in several countries are legally obliged to report their

cost structures or reveal some relevant information in order that the regulator, the
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public and other service providers can deduce information about cost. However, it is
interesting to conduct research on the assumption that information on cost structure is

private and incomplete.

Thirdly, the timing of the games in this thesis is mainly based on multi-stage
games where firms choose their strategies of prices and/or quality enhancement
simultaneously in each stage. It is difficult to ensure that the competition in the real
world follows a one-shot game. Firms may adjust their prices or levels of quality
enhancement frequently. Additionally, firms may cooperate in price setting. From a
dynamic perspective, entry into the market may occur in the form of a repeated game.
Nevertheless, these advanced versions of extensive-form games are too complex for
the purpose of this study. To clearly interpret the main findings, these assumptions are
still necessary for this thesis.

Lastly, the models are designed on the basis of duopolistic competition. There
are only two asymmetric firms in each market. Future research may extend to the
competition among multiple firms. However, the duopolistic models are reasonable in
the telecommunications markets because it can be seen in the real business world that
only a few service providers operate as a result of a fundamental requirement of large-

scale investment.

Despite these simplistic assumptions and other limitations, this study is useful
in that it can point out the results and the suggestions for the second-best solutions
when the first-best practice is impossible. It is still necessary to base these studies on
some assumptions in order to focus on the key variables and their impacts on the
equilibrium market outcomes. The regulators should monitor the competition in the
telecommunications sector with regard to the concerns mentioned in this thesis. The
regulators can derive the optimal policies and the appropriate regulations in certain

circumstances from the suggestions in this thesis.

Further research may investigate the competition among asymmetric firms
regarding other interesting issues. For instance, telecommunications spectrum allocation

and licensing is one of the major concerns in telecommunications. Underdog firms are
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likely to be unsuccessful in auction. Incumbents or big firms are more likely to win
the auction than other bidders. In other words, they can transfer their dominance to
the next generation telecommunications markets. The auction may be a process of
allocating spectrum to the most efficient players. Nevertheless, there are some concerns
about collusion and auction design. Future research should support the regulators in
designing appropriate mechanisms and imposing optimal regulations/deregulations
in the telecommunications industry, which has changed in line with the advancement

of technology and consumer trends.
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