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Abstract

Internet and GSM have become the dominant designs for information and communication technology (ICT) industries in the late 1990's.  Internet Protocol (IP) is the dominant standard for cost effective networking and new interactive broadband services.  GSM (2G) is currently the dominant cellular technology and it is the basis of the GSM - GPRS (2.5G) - UMTS (3G) track of GSM based mobile standards.  The marriage of broadband internet and mobile, loosely called as 4G, has created open questions on which are the future winning standards.  Will mobile internet be based on the European GSM continuum or the US wireless developments such as WLAN and WMAN.  In longer time-scale the Mobile Ad-hoc Network (MANET) which don’t use any preinstalled communications infrastructure may also become a cost-effective challenger to infrastructure based networks.  We elaborate these questions by comparing the technology and features of the European based GSM continuum, the US based WLAN continuum and the emerging MANET opportunities and evaluate the interaction of the possible competitive regimes.

1. Introduction

The fastest growth of mobile services has been based on the GSM or the 2nd Generation mobile systems.  Its further developments GPRS or the 2.5th Generation and UMTS or the 3rd Generation systems have been deployed in Europe. However, the growth of mobile phone penetration is already slowing down and the ARPU is dropping in many countries. Alternative US wireless access technologies, including WLAN (IEEE 802.11), WMAN (IEEE 802.16) and various flavors of CDMA2000, are developing and also enabling IP based mobile broadband services (see IEEE).

New “killer applications” would be needed in order to restore the profitability of mobile operators. Currently, such applications are being searched among gaming, music, entertainment, sports, digital photography etc. However, mobile operators and telecom vendors have been less success​ful in these new ventures.  

The vertical integration based on the SIM card has kept the GSM-based value chain from splitting into pieces.  It is crucial for the dominating GSM players (both operators and vendors) to hold on to the SIM card based vertical integration while letting new IP-based features in. UMTS was planned to be the standard for this development, but the result became overly complex and the schedule turned out to be far too optimistic. 

Since the developing WLAN standards are getting ever more cost effective and tend to get implemented fast, dominant mobile players started to integrate their existing solutions with WLAN. This will presumably at the first phase be done so that private communication inside firms and public hotspots can become WLAN and IP based but outdoor networks remain GSM and GPRS based.

Special applications in rescue and military networks cannot rely on any pre-installed infrastructure, and in these cases Ad-hoc Networks have been developed.  The most well-known example including Ad-hoc features is the Tetra system (Candy 1998). Single link Ad-hoc network features are implemented in the Bluetooth technology (Dornan 2000).
In this paper we study the major features of the 3G, 4G and Mobile Ad-hoc Network systems mapped to customer subgroups and the corresponding competitive regimes (Teece 1986, Lancaster 1991, Adner 2002).

2. The GSM continuum

The nationwide mobile telephony became possible to implement in larger scale when stored program controlled digital switches enabled roaming and handovers in cellular radio. After several analog cellular standards the first commercial GSM services started in 1991.  Since then GSM or the 2nd Generation (2G) has become the most popular digital mobile network standard as seen in Table 1 (GSMWorld).  
	
	2000
	2003

	GSM 
	455,1
	895,2

	US TDMA
	65,3
	112,2

	PDC
	50,8
	62,3

	CDMA
	82,2
	162,3

	WCDMA
	0
	1,4


Table 1: Digital mobile subscribers (millions)

The global standardization of 3rd Generation (3G) mobile systems has been done in the standardization bodies ITU-T and ITU-R under the name IMT-2000 (International Mobile Telecommunications 2000, see IMT). In Europe 3G is called UMTS (Universal Mobile Telecommunications System, see UMTS) and it is based on WCDMA (Wideband CDMA) radio standards.  In Japan there is an own version of WCDMA and in USA the CDMA2000 standards have been developed for 3G (see CDMA2000).  
The UMTS network infrastructure, as defined in ETSI (1997), is divided into two separate domains, the Access Network (AN) domain and the Core Network (CN) domain connected to each other via an IWU (Inter Working Unit). In the UMTS Phase 1 it is likely that the UMTS Access Network, i.e. UMTS Terrestrial Radio Access Network (UTRAN), will be interconnected with the GPRS (GSM Phase 2+) NSS (Network Subsystem) functioning as the Core Network. The UMTS network architecture following this evolution path from GSM platform towards UMTS is illustrated in Figure 1.
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The GSM Phase 2+ NSS is capable of handling both the conventional circuit switched transmission introduced already in GSM Phase 1 and the packet switch transmission provided by the GPRS (General Packet Radio Service). The circuit switched transmission path between the GSM BSS (Base Station Subsystem) and external networks is routed through the GSM network via the MSC (Mobile Services Switching Centre) and the GMSC (Gateway MSC) while the packet switched transmission is routed via the GPRS components SGSN (Serving GPRS Support Node) and the GGSN (Gateway GPRS Support Node). The UTRAN will be interconnected to this core network via IWUs. This architecture makes it possible for both 

Figure 1: Evolution of GSM platform towards UMTS.

GSM and UMTS customers to be connected both to circuit switched networks (e.g. PSTN and N-ISDN) and packet switched networks (e.g. the Internet and intranets). There is also roaming specified between GSM and UMTS networks.  In order to provide real multimedia services for the UMTS customers, the UMTS Core Network (UMTS CN) will be connected to UTRAN directly without an IWU. However, the UTRAN remain interconnected to the GSM NSS to ensure the interworking between UTRAN and GSM NSS.  

The GPRS and UMTS systems have been built on top of GSM.  This has created systemic complexities and technical difficulties, which have delayed the inauguration of UMTS networks and services for several years.  For example, the amount of software in the digital GSM system was tenfold compared to the analog NMT system, the amount of software needed in a GPRS phone is ten times more than in a GSM phone and similarly in a UMTS phone is ten times more than in a GPRS phone, even without applications (see Neuvo).

3. The WLAN continuum
Wireless LAN (WLAN, also called as Wireless Fidelity, Wi-Fi) is a cost-efficient wireless data-access technology based on the well-known Local Area Network (LAN) architecture and it is optimized for indoor office environments.  WLAN has also been demonstrated to work well in high-speed Internet access over the last mile, but this requires the use of directed antennas.  Since WLAN is operating at unregulated frequencies, management of channel allocation is necessary for its wide use.

WLAN has increased its penetration in the past three years over the expectations. The 11 Mbps 2.4 GHz IEEE 802.11 standard has secured its position as the leading WLAN standard. Now also 54 Mbps 2.4 GHz IEEE 802.11g products have become available (IEEE).  The WLAN base stations are connected to the LAN in which the wireless access controller manages the terminal device authentication, gives them access rights and manages the security algorithms used in the wireless traffic (Figure 2).
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Building outdoor public WLAN coverage has proved to be a difficult task. WLAN hot​spots are small and a large number of them is needed for extensive coverage. Currently, there is no commonly accepted scheme for sharing WLAN access points and hence every operator is building their own network. Unlike WLAN, WMAN (Wireless Metropolitan Area Access) is a technology that has been designed for outdoor coverage. The most important WMAN standard is the IEEE 802.16 (see IEEE). 

Figure 2: WLAN access network

Various flavors of the 802.16 Wireless Metropolitan Area Network (WMAN) specifications are being developed and promoted by the WiMAX (Worldwide Interoperability for Micro​wave Access, see WiMAX) industry group. The IEEE 802.16a “WiMAX” standard was accepted in 2002 and makes possible to cover entire city areas with one base station. The next major step will be the IEEE 802.16e, which adds mobility to the concept. 

In WLAN the security and user authentication have been critical issues and delayed the wireless investments in firms.  However, WLAN technology is a low cost investment and it is also included in most laptop computers today.  The worldwide WLAN semiconductor market will increase at a 13% compound annual rate from 2002 to 2007, reaching $1.1 billion in revenues by 2007. During the same period, shipments will increase nearly five-fold, reaching 114 million units shipped in 2007 (IDC 2002).
4. Mobile Ad-hoc Networks

Centralized networks based on preinstalled infrastructure cannot be used in all situations.  For example, networks used in rescue operations or in areas without existing infrastructure have been based on self-organized ad-hoc architectures.  A Mobile Ad-hoc Network (MANET) must enable communication in a distributed manner so that all nodes relay traffic and act as routers for each other.  In Figure 3 communication connections between nodes A and D and between nodes F and G are depicted.
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Figure 3: Ad-hoc network

To create communication connections there must be adjacent nodes close to each other so that connections can apply a multi-hop sequence of inter-node wireless links.  The nodes in MANETs are mobile, and the network topology may change continuously.  This adaptability makes the routing of packets in MANET challenging, and a lot of research has been done on the topic (see e.g. Chakeres, Belding-Royer and Perkins, 2005).  Other research topics in MANET have been the sharing of the wireless medium, battery consumption minimization, security and quality of service (QoS).
The most well-known network including Ad-hoc features is the Tetra system (Candy 1998). Single link Ad-hoc network features are implemented in the Bluetooth technology (Dornan 2000).  WLAN technology has also been adapted for MANET use (MobileMAN, 2003). Simple commercial applications of MANET include information sharing during meetings, interactive lectures and ubiquitous computing, where intelligent devices are connected with one another via wireless links.  
5. Wireless service features 

5.1. Wireless coverage 
GSM access is nationwide in most countries having the service today.  The same is true for GPRS.  UMTS, on the other hand, will be built in metropolitan areas, so that UMTS phones use GSM outside these areas.  Similarly, WiMax will be a metropolitan area access network. WLAN is an indoor network, which has been used also for public and outdoor access.  WLAN and WiMax are complementary to GSM and its derivatives.  Indoor WLAN access areas are [image: image5.emf]WLAN
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called hotspots, see Figure 4.  

Figure 4: Indoor, metropolitan and nationwide networks

Multi-channel access means that terminal devices are capable of connecting to the network through a several radio interfaces and possibly seamlessly roam between these different networks. For instance, it is possible to combine the coverage of 2G with the capacity and cost-efficiency of WLAN by providing a service based on roaming between these two networks. A mobile phone or PDA combining both GSM/GPRS and WLAN can function as a 4G terminal using Voice over IP (VoIP) within WLAN coverage and GSM outside.

5.2. Wireless capacity and bill
The wireless airtime bill develops from the voice minute bill model of the 2G networks to application and content based bill of the 3G and 4G networks, see Figure 5.  
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Figure 5: Wireless airtime bill

The narrowband 2nd Generation network supports voice communication compressed to 11 kbps or 14.4 kbps and text messaging (Short Message Service, SMS), which uses the narrowband signalling channels.  Because of the expensive narrowband airtime, other than telephony applications use only little connection time.  The broadband 4th Generation hotspots, on the contrary, provide always-on connection, so that the payment is based on visit period length, on application transactions or on the amount of transferred content.   The 3rd Generation wireless is between these extremes. The 3G voice is still based on a minute bill, but 3G data on the amount and size of transactions. 

5.3 Wireless services

User demand specifies applications including personal utility applications, communications such as Internet, messaging and telephony, and personal entertainment.  In professional side there are further specialized vertical application areas such as banking, retail, production and logistics.  Wireless services can be divided according to their personalization and communication needs (Figure 6).
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Figure 6: Wireless services

Mobile voice has been the fastest growing generic wireless service segment while fixed telephony has been loosing its market share.  Voice over IP (VoIP) telephony promises cost savings to the corporate users.  VoIP over fixed and wireless will be a competitor to corporate PBX and mobile telephony.

Personal utility applications provide means for editing and storing of documents, spreadsheets and images. They need display, processing and storage capacity in the terminal and hence have only slowly penetrated in small mobile devices.  Web and HTML/XML are already today integrated to most applications.  Messaging develops towards unified messaging and reach-ability services. Calendars can be upgraded and synchronized over the web. Short Message Service (SMS) of GSM has been a success in Europe.  

In entertainment personal game stations, portable audio players, digital image and video devices are strongly content oriented and differentiated.  The content storage such as flash memory, CD, DVD or compact harddisk is crucial element in the personal content devices.  Content transferred over digital network demands large bandwidth and low cost connections.  

5.4 Wireless value chain
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The wireless value chain based of digital cellular systems has been vertically integrated.  The mobile operators operate the wireless systems that integrate service platforms, databases, switching and access in a seamless way.  The Internet based standards open the network and access interfaces and the commercial operating systems the terminal application interfaces in the value chain (Figure 7).

Figure 7: Disruption points of the wireless value chain

Tushman and Anderson (1986) characterize technological discontinuities as competence enhancing or competence destroying.  The competence enhancing discontinuity builds on top of the know-how embodied in the technology that it replaces.  The competence destroying competence renders obsolete the expertise connected to the technology it replaces.  To analyze these in the 3G and 4G framework we can study the value chain of the GSM continuum  and consider possible disruption points in this value chain.  

The competence enhancing developments rely on the vertical integration based on the SIM card. Competence enhancing developments based on the GSM-continuum enhance the existing value chain by adding new value elements. For instance multitasking operating system in terminal or Java Applications that can be loaded into the GSM/GPRS phone are of these types. It is crucial for the dominating GSM players (both operators and vendors) to hold on to the SIM card based vertical integration while letting new IP-based features in. UMTS was planned to be the standard for this development, but the result became overly complex and the schedule turned out to be far too optimistic. 

Competence destroying developments may break the value chain in several possible points:

1. Common IP-network technology opens the field for IT-providers and new service providers. For example retail chains or application houses can become wireless service providers. This development changes the network architecture and is supported by opening access networks.

2. Open non-regulated WLAN and new WiMAX access standards let service providers access the terminals and bypass the incumbent mobile operators. Also corporate services can be provided directly to the corporate user. 

3. The standardized GSM and WLAN technologies and terminal operating systems let competing terminal manufacturers in the field.  This opens the possibility of completely new designs.

4. The standard operating systems let applications and content be developed and loaded to the terminals.  The applications and contents require strong complementarities not managed by existing mobile operators and vendors.  Only NTT-Docomo has been able to orchestrate large application and content delivery in its i-Mode service. 

6. Complementarities creating substitutes
The research on the dynamics of technology competition and how new products substitute old ones has been studied from several viewpoints.  The dynamics can be based on technology diffusion (Foster 1986), superior performance  (Christensen 1992), skills and capabilities (Henderson and Clark 1990), technology trajectories (Dosi, 1982), complementarities (Teece 1986) or broader competitive environment (Nelson and Winter 1982, Malerba and Orsanigo 1993), to mention some.  
6.1 Competitive regimes

In (Adner 2002) the disruptive technologies are studied considering the demand of different attributes of products and their preferences.  The model is based on Lancastrian approach of customer preferences and their substitutions (Lancaster 1991).  In the model the demand structure of different market segments is modelled using customers’ relative functional preferences   For two market segments A and B where the utility UA and UB can be derived from two functional attributes X and Y we obtain:  

UA = (FX)FY)1-

UB = (FX)FY)1-
where 0 <   < 1.
When the indifference curves of the utility functions UA and UB are depicted one can draw the corresponding value trajectories.  The value trajectories are the gradients of the utility functions UA and UB and they represent minimized characteristic attributes to attain a given utility level. Using these value trajectories one can find the competitive regimes of the two segments presenting competitive isolation, competitive convergence or competitive disruption of the two segments (Adner 2002). 
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Let us give a stylized example of this approach using mobile phones (Segment A) and laptop computers (Segment B) as examples (Figure 8).


Figure 8: Mobile Phone and Laptop Value Trajectories TA and TB
The competitive regimes of mobile phones and laptops are isolated but slowly converging with increasing overlap.  According to the model competitive disruption occurs when there is asymmetric competitive convergence, which means that one segment can increase its utility toward the other segment.  In Figure 7 either the Laptop segment could move north increasing the portability or the Mobile Phone segment eastward increasing the processing capacity and programmability.
6.2 Complementarities

The services obtained in communications products are based on large complementarities.  This can be demonstrated for instance by the development of the mobile phone.  The mobile communication was first possible by autonomous handsets or walkie-talkies.  The coverage of the communication was only from some to tens of kilometers.  To obtain larger nationwide coverage a network of base stations was needed, which provided the complementary roaming service.  Further, the cellular architecture applied in the GSM continuum provided still more advanced features such as global roaming and on-line handovers.  

Laptop computers and Personal Digital Assistants (PDA) are optimized for personal applications and PDAs also for portability with smaller screens and processing capacity.  To share documents and send email they are nowadays equipped with WLAN.  However, WLAN is mainly limited to indoor use and it is difficult to build wide area coverage with it. 
In Figure 9 we have depicted how the competitive regime of personal Wireless Terminals or Walkie-Talkies (WT) was extended by introducing the cellular network complementarities in GSM.  In fact, Mobile Phones substituted soon other Wireless Terminals in wireless personal communications.   Similarly the Laptop and PDA regimes were extended by the introduction of WLAN, and this enabled communication and document sharing for the users.  Mobile Ad-[image: image9.emf]Processing Capacity
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Figure 9 GSM network and WLAN complementarities

The WLAN coverage is too small for mobile personal communications and hence its main use remains in data and messaging.  A Laptop with the combination of WLAN and GSM/GPRS overcomes this limitation. There is no technology barrier to prevent future 4G terminals to include WLAN and WiMAX support.  In Figure 10 possible complementarities extending the competitive regimes of the GSM continuum and the WLAN continuum are presented.
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Figure 10: Possible paths to convergence or disruption
The introduction of the so-called vertical access, where the terminal device can roam from WLAN to WiMAX and then GSM, enables the 100% wireless access coverage for Laptop users, see path (1) in Figure 10.  However, to build this kind of roaming complementary to WLAN capable terminals is not a simple task, especially because the roaming standards have not been agreed on.  
To increase the processing capacity in mobile phones goes hand in hand with the mobile phone operating system development.  For personal applications a multitasking and sufficiently open operating system is needed, so that dominant utility applications can be ported there.  Hence the mobile phone operating system development is a necessary complement in the Path (2) of Figure 10.

The third Path (3) represents the introduction of a lightweight personal application and communication terminal that can utilize the WLAN, WiMAX and GSM network complementarities.  We could consider this development as the WLAN continuum.  However, as already discussed in path (1) there is a major problem in standardizing network roaming and mobility.  Simple network independent All-IP roaming and handover standardization would be needed to facilitate this development.
The introduction of MANET capabilities to mobile phones and laptops in Path (4) enables local communication between personal devices.  However, to build large scale mobility with MANET is a challenging task, since there is no guarantee for network coverage.  There are two ways to build coverage for MANET: Either to build overlay MANET infrastructure by fixed relay stations or to develop routing software from MANET to GSM and WLAN networks.  These are displayed by the Path (5) in figure 10.  Both approaches are problematic since there are no standards for the purpose.  Since MANET is suitable for lightweight personal devices, new solutions and interfaces developed for consumer electronics may become drivers in MANET standardization.
According to Adner, the disruption is most probable to take place when there is asymmetric overlap between the competitive regimes.  This finding can be used to compare the development of the GSM continuum and the WLAN continuum.  Asymmetric convergence can develop when either Path (2) develops faster than Paths (1) and (3) or vice versa.  When these two developments are compared it is quite clear that Path (2) has more straightforward opportunity than Paths (1) and (3).  This is because of the wireless coverage dominance and the international standardization supporting Path (2). Moreover, the customer management and billing is well developed and enables profitable operations.  On the other hand, the most demanding questions in Path (2) are how to integrate personal services and how to embed the utility applications into the mobile operating systems.  
The opportunity of Paths (1), (3), (4) and (5) can obviously be realized only if large enough consortia can be created to solve the standardization problems, and the results can be commercialized fast enough.  If additionally the problems considering security and billing in IP-networks can be solved, then also the Paths (1), (3), (4) and (5) could be potential to cause a disruption in the mobile market.  If the developments of the competing Path (2) and Paths (1), (3), (4) and (5) have equal pace, then smoother convergence could be expected.  Furthermore, unexpected developments from consumer electronics or other adjacent sources should be watched.
7. Conclusion
There are a number of open issues in the 4G and MANET architectures, which require further work and global standardization.  For the while, the integration of the personal applications to the GSM continuum seems to be the most potential approach to import internet to the mobile world. However, there is no winner yet, and the author strongly believes that a new wave of innovations may come around these lines and that these developments will also change the mobile technology and services landscape. 
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