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Työn tavoitteena on löytää ne tekniset ratkaisut ja toteutusmuutokset, joiden avulla WAP- 
yhdyskäytävä voidaan soveltaa TDMA-ja CDMA-verkkoihin. Tutkimus koskee WAP- 
yhdyskäytävää, joka on alunperin suunniteltu käytettäväksi ainoastaan GSM-verkossa.

Työ sisältää yleiskatsauksen WAP-yhdyskäytävästä, sen toimintaympäristöstä GSM-verkossa, 
sekä WAP-protokollasta yleensä. Matkapuhelinverkkojen tulevaisuuden näkymiä tarkastellaan, 
kuten myös verkkojen evoluution vaikutusta langattomiin Internet-palveluihin.

Työssä tutkitaan nykyisten TDMA-ja CDMA-verkkojen tiedonsiirto-ominaisuuksia, 
painopisteen ollessa verkko-ja WAP-palveluissa. Tulosten perusteella WAP-yhdyskäytävälle 
laaditaan tarkoituksenmukaiset arkkitehtuurit ja toimintaympäristöt TDMA-ja CDMA- 
verkoissa. Lisäksi esitellään tuotteen toiminnallisuuden todentamiseen vaadittavat menetelmät.

Työtä tullaan käyttämään varsinaisten toteutusmuutosten pohjana. Kun muutokset on tehty, 
voidaan WAP-yhdyskäytävällä palvella asiakkaita yhtäläisesti sekä GSM-, TDMA- että 
CDMA-verkoissa.
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The objective of this study is to find the technical solutions and implementational changes that 
are required to apply the WAP Gateway to TDMA and CDMA networks. The study concerns a 
WAP Gateway that has originally been designed to operate only in the GSM network.

The study will provide an overview of the Gateway's operational environment in the GSM 
network, as well as the Wireless Application Protocol in general. A discussion on the prospects 
for the evolution of mobile networks will also be included, in order to give an understanding of 
the future of mobile services.

The characteristics of data transmission in current TDMA and CDMA networks will be studied. 
The focus will be set on bearers and WAP services. Suitable Gateway architectures and 
operational environments will be presented for both of the treated networks. The functionality 
verification of the final product will also be described.

The study will be used as the basis for actual implementational changes. After the changes have 
been made, the WAP Gateway will be able to provide equal services for mobile end-users in 
GSM, TDMA, and CDMA networks.
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1 Introduction

1.1 Background

The use of fixed access to the Internet has become something of a commodity in many 

industrialized countries. At the same time the mobile phone penetration in these 

countries is rising steadily. In some areas, like Scandinavia, the mobile phone market is 

considered to be almost mature. It is a fact that both the Internet and the mobile market 

belong to a highly volatile business area, but at the same time the expectations and 

market forecasts are very optimistic. Despite the risks that are involved, the 

telecommunications industry has made great efforts trying to combine these two 

technologies, the Internet and the mobile phone. As a result of this development, the 

concept of 'mobile Internet' has emerged.

In 1997 a few of the biggest mobile equipment vendors, along with a 

telecommunications software company, started to cooperate in order to make mobile 

Internet a reality. Together they founded an association, whose task was set to creating a 

new, open specification that would enable mobile users to access information with 

wireless devices. This specification has become known as the Wireless Application 

Protocol, or WAP. Four years later the WAP Forum, as the association calls itself, 

comprises over 450 member companies from all telecommunications sectors, including 

a 95 % representation of the handset market, and carriers with more than 200 million 

subscribers^].

Even though WAP is the most widely deployed technology that enables mobile use of 

the Internet, it is not the only one. The biggest rival is I-mode, a proprietary solution 

developed by the Japanese operator NTT DoCoMo. I-mode has rapidly become very 

successful in the Japanese market, and NTT DoCoMo obviously has plans to introduce 

it also in Europe and North America^]. However, I-mode is not originally designed for 

multiple network technologies, and only a single operator supports it. This is not the 

case with WAP. The biggest strengths of WAP are its openness and wide support 

throughout the industry. The specification has been designed to work with most wireless
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technologies such as GSM, TDMA, and CDMA. Furthermore, it supports a wide range 

of operating systems and wireless device types.

Due to the fact that the WAP specification covers all of the aforementioned

technologies, the practical implementation varies. As more and more features are 

included, the characteristics of different networks force the operators to use 

infrastructure and software that vary from one network to another. This affects many 

elements, including handsets, but the main requirements are put on the WAP Gateway. 

The Gateway could be called the heart of WAP. It is the link between the mobile 

network and the fixed Internet domain. In contrast to mobile phones, which are usually 

designed to work in only one specific network, the Gateway should be interoperable 

throughout all major networks. Without such a Gateway, equal WAP services will not 

be supported in different network environments. On the other hand, interoperability is 

also required in order to stay competitive, since there are potential customers operating

in all network standards. Even though it makes the short-term development of the 

Gateway more demanding, interoperability will smooth out the transition to third 

generation networks, as they will be built on current standards.

1.2 Scope of the study

The Wireless Application Protocol has received criticism about a number of issues. For 

the accustomed fixed Internet user, the primitive user interface, the long latency time, 

and the cost of services are things that degrade the user experience. Despite the fact that

the latency and costs are related to the transmission technology and the operators' 

charging policies, instead of the WAP standard itself, it is often WAP that gets the 

blame. Also the fact that certain services can be used only in certain networks is 

something that prevents WAP from gaining popularity. The reason for the latter is that 

all features of WAP are not implemented in different network environments.

In order to solve these problems, a number of actions are required. Handsets that 

support WAP in various networks must be developed, as well as a WAP Gateway that 

can provide equal services in different environments. The speed of data transmission 

must be improved, and the browser technology enhanced so that more sophisticated and
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user-friendly services can be offered. Each of the aforementioned actions requires a lot 

of development effort. The scope of this study comprises one of these research areas, 

the WAP Gateway and the methodology of applying it to different mobile network 

technologies. The networks that are treated in this study are IS-136 and IS-95.

These networks are commonly known as simply TDMA (IS-136) and CDMA (IS-95), 

since they are the most widely deployed standards using the corresponding access 

methods. The primary subjects of investigation are the data transmission methods in 

these standards. Both current and future methods of data transmission are studied. The 

various bearer services in the treated networks are central issues concerning transfer of 

WAP traffic. The study includes also the Gateway features that are not related to data 

transmission. The focus is equally set on all existing features of the Gateway, while 

taking into account the specific restrictions of respective networks.

Other characteristics of the treated technologies are approached on a higher level. The 

same applies to the future outlook of mobile data. Various research companies have 

published forecasts about the evolution of mobile data, including wireless access to the

Internet, or 'mobile Internet'. However, because of the uncertainty that exists in these 

predictions, the presented figures should be considered as rough estimates only. Their 

purpose is to give a picture of the growth potential that lies in mobile data services.

The functionality verification is treated on a higher level as well. The test requirements 

and test environment are described, since they form the core part of the testing. Actual 

feature-specific test cases can not be designed before the product specifications are 

finalized, and therefore they fall outside the scope of this study.

1.3 Objectives of the study

The existing Nokia WAP Gateway has been designed to operate in networks that use 

the GSM standard. Since there is an evident need to enter new markets in order to gain 

customers and strengthen the market position, as well as to enhance the deployment of 

WAP services in general, a decision has been made to apply the existing Gateway to 

two other wireless network technologies, IS-136 and IS-95.
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The main objective of this study is to provide the technical solutions that are required to 

apply the WAP Gateway to the aforementioned networks. This study will be the 

foundation on which the actual implementational changes will be based.

The main objective is met by completing a number of subtasks. These include selecting 

a suitable software architecture for the Gateway, a proper network infrastructure for it to 

operate in, as well as the functionality verification of the final product. The goal of each 

subtask is to find a feasible model solution that satisfies the requirements.

1.4 Structure of the study

The study begins with an overview of the treated network technologies and their 

relation to the WAP Gateway. Chapter 3 gives an outlook on the evolution of network 

technologies as they migrate towards the third generation. Chapter 4 describes all the 

protocols and software solutions that are required for a working WAP Gateway in the

treated networks. As a result of the findings in Chapter 4, the Gateway architecture and 

a summary of required implementational changes are presented in Chapter 5. Chapter 6 

explains the elements and methods of functionality verification, and Chapter 7 finalizes 

the study by presenting the conclusions.
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2 Technology overview

2.1 Chapter objectives

This chapter presents the essentials of the WAP Gateway functionality, and its current 

operational environment in the GSM network. Moreover, the data transmission

characteristics of IS-136 and IS-95 networks will be studied in order to understand the 

technology base on which the Gateway will be applied.

2.2 WAP Gateway in the GSM network

The WAP Gateway acts as a platform between the Internet and the mobile networks, as 

depicted in Figure 1. Its main task is to translate requests from the WAP protocol stack 

to the TCP/IP protocol stack and vice versa. The Gateway also includes content 

encoders and decoders. Content encoders translate WAP content into compact encoded 

format to reduce the size of data transferred over the mobile network^].

(ft

BSC

BTS

Internet Origin
server

Figure 1. GSM network infrastructure for WAP services.

Because of the constraints of wireless data devices, e.g. narrow bandwidth, small

displays and less powerful CPU:s, the content fetched from the Internet is optimized for 

this purpose. Therefore the WAP-specific pages are written in Wireless Markup 

Language (WML), not HTML. The WML language is especially designed for these 

kinds of devices, and it is specified by WAP Forum. An associated scripting language, 

Wireless Markup Language Script (WMLS), is also supported.
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The end-user is able to contact the Gateway using different kinds of bearers. Currently 

used bearers in the GSM network include Short Message Service (SMS), Circuit- 

Switched Data (CSD), and Unstructured Supplementary Service Data (USSD). Also 

General Packet Radio Service (GPRS), the packet data solution in GSM, has recently 

been introduced as a bearer. The Gateway can be connected to the mobile network in 

various ways depending on the used bearer, as shown in Figure 1. When using SMS as 

the bearer, an SMS Center (SMSC) interface is used to connect to a Mobile Switching 

Center (MSC). When a circuit-switched data connection is established with CSD as the 

bearer, the connection to the MSC is made with a Network Access Server (NAS) either

directly or through a Public Switched Telephone Network (PSTN). When GPRS is 

used, the Gateway will connect directly to a Gateway GPRS Support Node (GGSN) 

instead of an MSC. The GGSN will then direct the traffic to a Serving GPRS Support 

Node (SGSN). Both the MSC and the SGSN are linked to the Base Station Subsystem 

(BSS), which connects the mobile station to the network over the air interface. Chapters

2.3 and 2.4 will provide a closer look at the bearer features and their differences in the 

treated network technologies.

The end-user can choose between two kinds of connection types when connecting to the 

Gateway, connection-oriented mode and connectionless mode. Connection-oriented 

mode provides more reliable services with confirmed requests and responses, whereas 

connectionless mode is more unreliable, and does not include confirmed transactions. 

Connectionless mode provides a somewhat faster connection especially for the SMS 

bearer. The reason for this is that SMS utilizes the GSM signaling channel for message 

deliveries, and any unnecessary data transmitted in the channel will result in noticeable 

delay.

In addition, various levels of transaction security are provided, both in the mobile 

network as well as in the fixed IP network. Secure Sockets Layer (SSL) is used for 

secure transactions between the Gateway and the origin server. SSL enables encrypted

and authenticated communications across the Internet. It is an industry-standard 

protocol designed by Netscape Communications. SSL is also the predecessor of 

Transport Layer Security (TLS), the security layer in the TCP/IP protocol stack. 

Wireless Transport Layer Security (WTLS) provides the secure communication across
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the mobile network. WTLS provides functionality similar to TLS, even though it is 

optimized for low-bandwidth bearer networks. WTLS is specified by WAP Forum^j.

All of the mentioned bearer-, connection-, and security types must be supported by the 

Gateway. Furthermore, the evolution of the Wireless Application Protocol constantly 

brings out new requirements. Support for content push and location-based services 

could be mentioned as recent examples of such requirements. The Gateway often also 

interfaces with other network elements that are not related to data transmission. Such 

interfaces usually consist of supporting services, like subscriber identification and 

provisioning databases, as well as charging and network management systems. Figure 2 

shows the position of the WAP Gateway between the Internet and the mobile network. 

The figure also shows examples of external interfaces to other network elements.

External
Directory

Web
Browser

Client ID 
resolution

Origin
Server

WAP
GatewaySMSC

InternetMobile
Telephone

Network- USSDC
Push

Initiator

Billing
System

Location
Server

Reporting
System Provisioni ig 

database _

Figure 2. Possible external interfaces of the WAP Gateway.
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2.3 IS-136 characteristics

The IS-136 network infrastructure is relatively similar to GSM. Figure 3 depicts the 

elements that are needed for transmission of WAP traffic in the IS-136 standard.

MS

Internet
Origin
server

Figure 3. IS-136 network infrastructure for WAP services.

IS-136 is a digital standard. It has been built on the analog Advanced Mobile Phone 

Service (AMPS) system. The access method used over the air interface is Time Division 

Multiple Access, or TDMA, as the entire network is usually referred to. This method is 

used also in GSM. The Network Switching Subsystem (NSS) and BSS parts of the

network are identical to that of GSM. There are several interfaces between the NSS and 

the WAP Gateway, depending on used bearer.

2.3.1 Bearer services

In many ways, IS-136 and GSM are very much alike. This can be seen when comparing 

their distinct features, like the multiple access method or the network infrastructure. The 

IS-136 network supports the same bearers for data traffic as GSM, with the exception of 

USSD. Nonetheless, there are also additional bearers that are unique to IS-136.

Short Message Service, or more precisely GSM Hosted SMS Teleservice (GHOST), is 

one of the supported bearers. GHOST is an IS-136 teleservice that is used to tunnel 

GSM SMS Protocol Data Units (PDUs)[5j. The SMS messages are stored and forwarded 

by a teleservice server, instead of an SMSC that is used in GSM. In practice they are,
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however, very similar. IS-136 uses a signaling protocol known as IS-41 between the 

teleservice server and the MSC. GSM uses another implementation called Mobile 

Application Part (MAP) as the corresponding signaling protocol. In IS-136, the 

teleservice layer defines the SMS message exchange between the teleservice server and 

a mobile station. The teleservice layer is defined as a part of the overall IS-136 

standard^]. However, no standards specify the interface between the teleservice server 

and the WAP Gateway. Most common protocols used in this interface include Short 

Message Peer-to-Peer (SMPP) by Lógica and Universal Computer Protocol (UCP)

standardized by the European Telecommunications Standards Institute (ETSI). The 

protocols are used on top of a TCP/IP connection between the teleservice server and the 

WAP Gateway. These two protocols are widely deployed also in GSM.

Another bearer, which is quite similar to GHOST, is called General UDP Transport 

Service (GUTS). As the name suggests, it utilizes the UDP transport protocol. However, 

in spite of the fact that GUTS uses UDP, it can be seen as an SMS bearer from the 

Gateway's perspective. During a data transmission, the Gateway sends data to the 

teleservice server in a normal fashion. In the teleservice server, the messages are 

converted into R-DATArø format. The R-DATA messages are then sent to the phone in 

the Short message service, Paging, and Access Channel (SPACH) of the TDMA frame. 

In short, GUTS is an IS-136 teleservice that requires a supporting handset and 

teleservice server. Currently the lack of such handsets is preventing the adoption of 

GUTS as a WAP bearer, but the situation is expected to change in the near future.

Circuit-switched data is also supported similarly to GSM. When a data call is 

established, a network access server located either in the NSS or PSTN activates a 

point-to-point-connection with the WAP Gateway. The protocol used between the WAP 

Gateway and NAS is called User Datagram Protocol (UDP), which is a transport 

protocol in the Internet suite of protocols. UDP could be considered a lightweight 

version of Transmission Control Protocol (TCP). It lacks acknowledgements of 

guaranteed delivery and is therefore more suitable for small-bandwidth services, like

WAP. IS-136 currently provides circuit data at a rate of 9.6kbps. This can be considered 

quite slow compared to High Speed Circuit Switched Data (HSCSD), a GSM feature^], 

which in theory can provide transmission rates of up to 115.2kbps. It is important to
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note that the Gateway does not distinguish between different data bearer services that

use the UDP/IP protocol. Because of this HSCSD is automatically supported by the 

Gateway, but only in GSM, as mentioned.

Packet data can also be used for bearer services. In February 1999 the North American 

GSM Alliance and the Universal Wireless Communications Consortium (UWCC), the 

GSM and IS-136 development groups respectively, signed an interoperability 

agreement. Among other things, the agreement states that both networks will use GPRS 

as the 2.5G packet data solution. The practical implementation of GPRS varies 

somewhat. Even though being very similar, the GSM version of GPRS is a pure packet

data network, while the IS-136+, as IS-136 with GPRS is called, is more of a circuit- 

packet hybrid[ ii]. As a result of the adoption of GPRS, the IS-136 standard will refer to 

itself as IS-136+. Meanwhile, most operators currently offer packet data services in 

Cellular Digital Packet Data (CDPD) networks^]. CDPD is a commercial, open- 

standard TCP/IP-based packet data technology optimized for IS-136 networks. It was 

initially designed as an overlay system on top of the AMPS networks. Subsequently, it 

was adapted to IS-136 as well as IS-95 networks. CDPD provides access to networks 

based on IP. It typically provides a data rate at about 19.2kbpS[H]. Since this packet data 

bearer utilizes the UDP protocol, it can be used just like any other UDP bearer with the 

Gateway.

2.3.2 Other features

The other network elements in the BSS and NSS parts of the IS-136 network are similar 

to GSM. The main difference is not the hardware, but the protocol used for non-call- 

related applications between NSS elements. As mentioned, IS-136 uses IS-41 instead of 

MAP in GSM. From the Gateway's perspective this does not cause any problem, since 

IS-41 is used in the connection between the teleservice server and the MSC. The 

Gateway only has to support the protocol between itself and the teleservice server. Both

IS-136 and GSM use the SS7 protocol stack as the foundation of their signaling 

systems.
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The obvious differences concerning the used radio technologies do not affect data

transmission. IS-136 operates in dual frequency bands, at about 800 MHz and 1900 

MHz[i2]t whereas GSM occupies frequencies around 900 MHz and 1800 MHz (also 

1900 MHz in the U.S.). However, the Gateway is independent of frequencies, 

modulation methods, and other characteristics related to the carrier.

2.4 IS-95 characteristics

When it comes to infrastructure required in data transmission, the IS-95 network is 

slightly different to IS-136 and GSM. Figure 4 shows the elements needed for 

transmission of WAP traffic in the IS-95 standard.

Шш
PSTN CDPD

__ Origin
server

Figure 4. IS-95 network infrastructure for WAP services.

IS-95 has also been built on AMPS, like IS-136. In this case the radio access method is 

called Code Division Multiple Access, or CDMA. This method differs from the one 

used in GSM and IS-136. It is worth noticing, however, that GSM is migrating towards 

a CDMA solution according to its 3G evolution path, as described in more detail in 

chapter 3. The NSS and BSS parts of the IS-95 network contain the same elements as 

the other two networks, and the transmission principles are similar. Voice and data are 

treated in a similar manner by the radio network. The WAP traffic can be routed from 

the Gateway to the MSC via three paths, as shown in Figure 4.
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2.4.1 Bearer services

IS-95 supports more or less the same bearers as the IS-136 and GSM standards, in other

words SMS, circuit-switched data, and packet data. Nevertheless, the implementation is 

not identical.

SMS is implemented using the same interface protocols as in the IS-136 standard. The 

connection between the Gateway and the SMS Message Center (MC), as the SMSC is 

called in this case, uses SMPP and UCP protocols. The signaling protocol used between 

the MC and the MSC is IS-41. The functionality of the MC is identical to that of a GSM 

SMSC. The big difference between IS-95 and the other two networks is the structure of 

the actual SMS messages. For the Gateway's part, this results in a redesign of the SMS 

implementation in the Wireless Datagram Protocol (WDP) layer of the WAP protocol 

stack. The mapping of WDP to IS-95 SMS is specified by WAP Forum^. WDP sends

datagrams in the User Data subparameter of SMS point-to-point messages, which are 

defined in the IS-637 standard; nj. This standard comprises the complete definition of 

SMS in IS-95 networks.

When circuit-switched data is used, an Interworking Function (IWF) is required to 

manage the traffic between the MSC and the WAP Gateway, as seen in Figure 4. When 

the mobile user establishes a data call, the MSC routes it to the IWF. Actually the 

functionality of the IWF interface is specified for both circuit-switched and packet 

datapa. The IWF converts the data to IP packets and sends the data forward to the

Gateway. The data can also be routed through a PSTN. The protocol used between the 

IWF and the Gateway is UDP/IP, similarly to all circuit-switched and packet data 

bearers in the treated networks. Currently circuit-switched data is transmitted at a rate of 

14.4kbps in IS-95.

A specific packet data standard;^] has also been defined for IS-95 networks. The packet 

data standard specifies bearer services through an IWF that supports an Internet 

standard Point-to-Point Protocol (PPP), as well as bearer services through an IWF that 

supports CDPD data services over a PPP connection. So in addition to its own packet 

data implementation, IS-95 is also able to use CDPD. The transmission of packet data is
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similar to the case where a circuit-switched connection is used. The MSC routes the 

traffic to the IWF, which in turn connects to the Gateway, directly or through a CDPD

network, using the UDP protocol. Currently a number of operators offer packet data 

services at a rate of 14.4kbps, but some have already started to upgrade their networks 

according to the IS-95B standard, which enables packet data at 64kbps[n]. IS-95B is a 

step forward on the migration path towards third generation systems, as described in 

chapter 3.

2.4.2 Other features

Like the case was with IS-136, also IS-95 networks comprise the same network 

elements as GSM. Actually IS-95 is closely related to IS-136 in many ways, because

both standards have been designed on the foundation of the analog system known as 

AMPS. This can be seen for instance from the operating frequencies and signaling 

protocols used within the networks. There are also manufacturers that offer handsets 

capable of working both in AMPS and one of the digital networks (either IS-136 or IS- 

95). The big difference between IS-95 and other networks is the multiple access 

method. IS-95 is a wideband spread-spectrum system, which has an entirely different 

approach to data transmission over the air interface compared to TDMA systems. 

However, the differences concern in practice only the handsets and the BSS parts, the 

other elements of the corresponding networks are very similar to each other.

CDMA is a digital technology that is considered to have great potential in future mobile 

networks. As mentioned, also GSM has included this access method in its migration 

path towards 3G. It should be noted that a fundamental difference, related to the fixed 

side of the data transmission path, will still remain between these networks. This 

difference comes from the fact that in IS-95 there is no need for a backbone packet data 

network. The IS-136 and GSM technologies on the other hand, are forced to update 

their infrastructure with GPRS in order to provide packet data services. The IS-95 

standard is designed in such a way that packet access is enabled simply by connecting 

an IWF to the MSC. All current IS-95 handsets and base stations are packet data 

capable, and the network utilizes standard IP-based equipment. It is obvious that this is
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an advantage for the IS-95 operators during the migration to 3G, since new features can 

be presented at a fast pace, and the costs of upgrading the infrastructure are much less 

than what IS-136 and GSM operators will have to face.

2.5 Chapter summary

This concludes the technological overview on the WAP Gateway and its operational 

environment. The data transmission methods in IS-136 and IS-95 networks were 

presented in order to give an understanding of the possibilities and restrictions that 

apply for the current standards. The main conclusion of this chapter is that the biggest 

differences concerning data transmission are the bearer services in the treated networks. 

The bearers are a central part of the WAP Gateway implementation, because they set 

the requirements for the data transmission interfaces. However, as chapter 4 will 

describe, there are also certain WAP services and Gateway-specific features that require 

different solutions depending on the used network.
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3 Evolution of network technologies

3.1 Chapter objectives

Mobile networks evolve rapidly. While each standard tries to gain popularity at the 

expense of others, the global trend is towards a convergence of technologies. In practice 

this means that the functionality of different networks will become more similar to each 

other, in some cases even resulting in interoperability. The aim of this chapter is to 

describe how different networks will change towards the third generation, and what the 

effect of those changes will be regarding mobile data transmission. The chapter also

includes an outlook on the future of mobile services, describing the development of the 

mobile subscriber base and mobile data as a result of the technological evolution.

3.2 Network convergence

All of the treated networks, GSM, IS-136 and IS-95, have clearly defined migration 

paths towards 3G. For the operators, this promises a less painful upgrade process. The 

costs of the technology renewal will on the other hand be substantial. The UWCC 

predicts that for a typical large city in the U.S. (calculated for Chicago), the upgrade of

the current IS-136 network to 3G will cost roughly US$500 million^]- Even if some 

sources state that IS-95 operators will get away more easily and with smaller 

expenses[i7], it is obvious that the financial risks are high. Still, the need for more 

capacity and flexibility in the networks is acknowledged, and it is with the help of 3G 

that these needs can be fulfilled.

As the networks evolve, a convergence of technologies is taking place. Already now the 

GSM Global Roaming Forum (GGRF) and the UWCC have agreed to support roaming 

between IS-136 and GSM. In 1999 the GSM ANSI-136 Interoperability Team (GAIT) 

was formed. GAIT is an industry forum consisting of operators and vendors of both 

GSM and IS-136 technologies. Its original task was to specify a multi-mode mobile

station to work across GSM and IS (ANSI)-136, and a network interworking function to 

translate between the two network signaling protocols, MAP and IS-41. Multi-mode
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handsets have already been commercially launched, and those handsets can be used in 

most parts of the world due to the wide coverage added up by the two networks. The 

GAIT agreement also provides the basis for IS-136 and GSM to follow the same 

migration path to third generation technologies. On the whole, the interoperability effort 

between IS-136 and GSM is a very positive thing for WAP. Interoperability would 

provide equal services for users, regardless of the network they are located in.

When it comes to convergence between IS-95 and IS-136 there is actually not much to 

mention. Both the 2.5G and 3G solutions will rely on separate technologies in the radio 

access as well as backbone parts of the network. It seems that CDPD will be the last 

service combining IS-136 and IS-95. These standards, even if they are both based on 

AMPS, seem to diverge even more as they evolve. IS-95 and GSM, on the other hand, 

will become more similar to each other. The 3G technologies, which will be adopted by 

respective network, will be based on code division. This is the currently used method in 

IS-95. Inter-system roaming will probably be implemented at some stage after the 

rollout of third generation networks^ ij.

3.3 3G standards

The International Telecommunications Union (ITU) has specified a framework for third 

generation mobile systems, called International Mobile Telecommunications (IMT)- 

2000. Within IMT-2000, there are separate standards related to the each of the treated 

networks. These are Wideband CDMA (WCDMA), which will be adopted by GSM, 

UWC-136 for IS-136, and cdma2000 for IS-95[ig]- WCDMA is specified by ETSI, and 

it is in fact the radio access solution in the Universal Mobile Telecommunication 

System (UMTS), which forms the complete 3G standard for GSM. Each of these 

standards will offer maximum data rates between 384kbps and 2Mbps, depending on 

the operating conditions. UMTS has been developed by the 3rd Generation Partnership 

Project (3GPP), including members from standards organizations and various GSM- 

related bodies. 3GPP2, comprising mainly American, Japanese and Korean 

organizations supporting non-GSM technologies, has developed cdma2000. UWC-136 

has been defined by UWCC, the IS-136 development group. According to a survey
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done by Mobile Lifestreamsfn], the percentage of global 3G contracts of different 

standards was, in February 2001, divided as follows:

WCDMA 70%

cdma2000 13%

EDGE (UWC-136) 12%

Others 5%

Obviously these figures might change somewhat, but it is clear that WCDMA is the 

main technology, since it is supported by GSM operators. It also benefits from the 

support of the large Japanese operator NTT DoCoMo, which has acquired stakes in 

network operators over the world in order to have them adopt WCDMA.

Each network has its own, defined migration path to 3G. These paths include the 

development of features, functionality, and most importantly, data transmission speed. 

Packet data capability is an essential feature to be implemented. The mobile core 

networks are being developed towards the fixed networks, driving both voice and data 

to an IP networking environment. The cdma2000 specification includes the Internet 

Engineering Task Force (IETF) mobile IP standard, which will allow mobile terminals 

to connect seamlessly wherever they are located, either in fixed or wireless 

environments. WCDMA mobility management, on the other hand, will be based on 

GPRS protocols. Eventually this will cause problems, because without mobile IP, the 

GPRS network will not be able to identify a node such as a portable computer that has a

standard IP address. However, ETSI has been trying to resolve this problem by 

harmonizing WCDMA with cdma2000.

3.3.1 GSM and IS-136 evolution

Figure 5 depicts the possible paths for GSM and IS-136 to develop to 3G, as well as a 

rough estimate of the upgrading time frame. As the figure suggests, there are three 

phases and a number of ways to upgrade the network to the UMTS standard. In
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addition, some operators might be unwilling or forced not to upgrade to UMTS, and can 

therefore choose not to implement it.

2G 2.5G 3G

GPRS

EDGE

HSCSD (GSM)

IS-136

UMTS

No
UMTS

1997 2000 2001 2002-2003

Figure 5. GSM and IS-136 migration paths to UMTS.

GSM currently offers HSCSD for circuit-switched data. The most common 

implementation of HSCSD utilizes four timeslots for each user, with a maximum data 

rate of 57.6kbps. Even though being a significant improvement for data transmission, 

HSCSD is not offered by all GSM operators. The next step is GPRS, which according to 

equipment vendors should become widely available during 2001. GPRS is a packet data 

solution and will allow, theoretically, data rates of up to 115kbps with error 

correction!n]. In practice, however, this is not the case. Different sources have estimated 

that the typical bandwidth available for the user will be somewhere around 30-60kbps. 

The limitations depend, like in any packet-switched system, on the number of timeslots 

used for data, as well as the number of users contending for the bandwidth. Moreover, 

various channel measurements require dedicated timeslots, further decreasing the data 

transmission capacity from the theoretical maximum value.

Data rates will further increase with the introduction of Enhanced Data Rates for GSM 

Evolution (EDGE). Basically EDGE means a new modulation method and new ways of 

error correction. EDGE will support peak data rates of more than 384kbps. It is built on 

existing standards and uses the same TDMA frame structure, logical channels and 200 

kHz carrier bandwidth as current GSM networks. Because of this, EDGE will have a 

relatively small impact on the hardware and software of the networks. The UWC-136
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proposal consists of a spectrally efficient version of EDGE. For many IS-136 operators 

in the U.S. this will be the actual 3G technology. The reason is that WCDMA requires 

new frequencies that are currently used by other networks. However, the UWCC

supports UMTS as a viable 3G technology option for IS-136 operators that are able to 

gain new spectrum. The UWCC also recognizes UMTS as a solution that will 

interoperate with EDGE deployments. This means that those IS-136 operators who are 

capable of utilizing the frequencies needed for WCDMA can also adopt UMTS as the 

3G solution.

As mentioned earlier, WCDMA will allow data rates of up to 2Mbps. It requires new 

infrastructure both in the radio access and core parts of the network, even though it can 

be built on the existing GSM network due to a similar network protocol structure. 

Additional spectrum is required for the 5 MHz carrier bandwidth^].

3.3.2 IS-95 evolution

IS-95 will follow another path to 3G. The current IS-95A standard offers both circuit- 

switched and packet data at 14.4kbps. With the upgrade to IS-95B, which some 

operators have implemented already, packet data can be provided typically at 64kbpS[i7]. 

After IS-95B, the upgrade process takes place according to the cdma2000 standard that 

consists of two phases.

The first phase is called IX Radio Transmission Technology (1XRTT). It will support 

peak data rates at 144kbps. 1XRTT requires a software update in the backbone network 

and new channel cards in the BSS[2oj. In addition to higher data rates, 1XRTT is 

supposed to double the voice capacity in the network. 1XRTT uses the existing 

spectrum reserved from IS-95, with a 1.25 MHz carrier bandwidth.

The second and final phase towards cdma2000 is called 3XRTT. This technology triples 

the voice capacity and increases the data rates compared to 1XRTT. Depending on the 

carrier bandwidth, it will provide data rates between 384kbps and 2Mbps, which is the 

requirement for IMT-2000. 3XRTT requires a minimum of 5 MHz carrier bandwidth,
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and will therefore be difficult to implement in the U.S. because of the existing spectrum 

allocations. As a result of this, another upgrade version has been introduced. This 

version, developed by Qualcomm, is called IX Evolution (1XEV). 1XEV is a spectrally 

efficient CDMA technology optimized for packet data using the existing RF 

characteristics. 1XEV theoretically offers speeds of up to 2.4Mbps, even though it 

requires only 1.25 MHz per channel, as 1XRTT. If additional spectrum is not licensed 

in the U.S., this will be the most probable upgrade path for IX networks^]. Figure 6 

represents the IS-95 migration to cdma2000.

2G 2G+ 3G phase I 3G phase II

1XRTT

IS-95 В

IS-95 A

cdma2000
(3XRTT)

cdma2000
(1XEV)

1999 2000 2001 2002-2004

Figure 6. IS-95 migration paths to cdma2000.

3.4 An outlook on the future of mobile services

A lot has been predicted about the forthcoming growth and success of mobile data.

While the mobile subscriber base keeps growing, the potential of data services is rising 

similarly. In recent years, wireline data traffic volumes have increased due to 

availability of higher data rates and an improved user experience. Many believe that 

mobile data volumes will increase for the same reasons, and that the evolving mobile 

technologies will bridge the gap between wired and wireless data. Next, some figures 

about the treated networks are presented in order to give a view on the current 

subscriber situation and the future of mobile data.
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The IS-136 standard is mostly used in the Americas. Other markets include Russia, 

China and India. With an increase of 74% during last year, there are currently over 70 

million IS-136 subscribers. The UWCC predicts a 45% growth from 61 to 89 million 

during the year 2001(21].

The biggest markets for IS-95 are North America, Asia Pacific, and Caribbean & Latin 

America. IS-95 is also deployed in smaller scale in Europe, the Middle East, and Africa. 

With a 61% growth rate during last year, the amount of subscribers exceeded 80 million 

in December 2000(22]. Currently at around 90 million, the subscriber base is somewhat 

bigger than for IS-136. Still, comparing to GSM with nearly 490 million subscribers and 

a global market share around 70%[2з], both IS-95 and IS-136 are quite far behind in the 

competition between digital technologies. Figure 7 shows a Strategy Analytics market 

forecast[24] on the increase of mobile subscribers by technology, from 1997 to 2005:

C eMular Subscribers by Technology

Oth e r I

1997 1998 1999 2000 2001 2002 2003 2004 2005

Strategy Analytics □ C DMA g G SM qTDMA q Other

Figure 7. Mobile subscribers by network technology (courtesy of Strategy Analytics).

As for mobile data user amounts, an ГМТ-2000 forecast made by Ericsson^ i] predicts 

that there will be around 400 million mobile packet data users by 2004. It is predicted 

that by that time, four out of every ten Internet users will also use mobile access to the 

Internet. A study done by Strategy Analytics^] suggests somewhat more modestly that 

the mobile data user amount, now being at around 100 million, will grow to about 275 

million by 2004, and 730 million by 2010. It should be noted that 2G is predicted to be 

the dominant technology for the next ten years. Figure 8 shows the predicted user 

amounts by technology generation.
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Figure 8. Mobile data users by technology generation (courtesy of Strategy Analytics).

At 2005, the global revenue generated by mobile data is predicted to be around US$50 

billion, with western Europe accounting for nearly 44% of that amount, the US at 25%, 

Asia Pacific at 22% and the rest of the world accounting for the remaining 10%. The 

undisputed market leader technology will be UMTS, while cdma2000 and UWC-136 

will stand for less than 20% each. Figure 9 represents the predicted revenue by 

technology generation.
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Figure 9. Data revenue by technology generation (courtesy of Strategy Analytics).

User-specific mobile data traffic volumes will also increase. Wireline data traffic 

volumes generated from Internet usage increased from one megabyte per user, per 

month in 1991 to nearly 200 megabytes per user, per month by 1999 due to a
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convergence of increasing usability and higher data rates^ó]. Beginning in 2001, 

Qualcomm predicts that greater usability and higher data rates will drive the same type 

of rapid growth in mobile data. During 2005 the data traffic per user, per month will 

exceed 200 megabytes.

3.5 Chapter summary

As a result of interoperability efforts, network convergence is taking place. Although 

IMT-2000 does not guarantee a single global mobile standard, the industry efforts will 

ultimately lead to such a standard. Supposing that WAP is one of the used mobile 

Internet technologies at that time, it will have a common global platform to operate on. 

Meanwhile, it is predicted that mobile data will grow significantly also in the various 

2G and 2.5G networks. In order to make the most of this situation, the WAP Gateway 

must be able to operate in the different standards. When the Gateway supports all the 

three largest networks, it will have a solid technological base for providing WAP 

services in current 2G environments, as well as in upcoming generations. This will also 

be an advantage during the network convergence, because it will enable WAP services 

in inter-network roaming situations.

If the WAP Gateway would be operable only in GSM and its future versions, certain 

problems might come up. What would happen if the other technologies grew to become 

real challengers? Obviously this scenario is not very likely to happen, but in such a case 

the Gateway would have to be applied to the other networks anyway. Another example 

is the convergence between IS-136 and GSM and its effect on WAP services. A 

Gateway with only GSM support would mean that a IS-136/GSM interoperable handset 

could be used for certain WAP services only in the GSM network, thus losing the 

advantage of interoperability.

One thing that is for certain is the increase of data traffic volumes and associated 

revenues. Whether WAP is a central part of this remains unknown. It is, however, very 

likely that WAP usage will increase throughout all networks and contribute to the 

growth of mobile data.
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4 Software and protocols

4.1 Chapter objectives

This chapter presents the software features and protocols that are needed to provide a 

working Gateway in IS-136 and IS-95 environments. Different bearers require different

interface protocols, but also a number of WAP-specific features must be supported, as 

well as supporting services like subscriber identification. All of these requirements will 

be treated, and corresponding implementational changes will be presented in this 

chapter.

4.2 Protocols in IS-136

4.2.1 Protocols related to bearer services

As mentioned in chapter 2, the IS-136 network provides a number of different bearer 

services for WAP traffic, including GHOST, GUTS, circuit- and packet-switched data. 

The Gateway must support these bearers when connecting to the mobile network.

There are two transport protocols, WDP and UDP/IP, which operate above the bearer 

services. UDP provides datagram services for IP bearers, and WDP does the same for 

non-IP capable bearers, like SMS. WDP is the transport layer protocol in the WAP 

protocol stack. As a general datagram service, WDP offers a consistent service to the 

upper layer protocols (Security, Transaction and Session) of WAP and communicates 

transparently over one of the available bearer services^]. In the case of IS-136, the only

WDP bearer is GHOST. Figure 10 shows a general profile of the WAP architecture and 

how WDP fits into that architecture.
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WSP = Wireless Session Protocol WTLS = Wireless Transaction Layer Security

Figure 10. General WAP architecture.

When a response is sent to the mobile terminal, the WAP Gateway is responsible for 

mapping the WDP packets to the correct format. This format is specified by the tunnel 

protocol that is used between the WAP Gateway and the Wireless Data Gateway. In the

case of IS-136 the Wireless Data Gateway is a teleservice server. WAP Forum has 

specified a network-independent tunnel protocol for this interface. It is a subset of 

SMPP v3.4 called Wireless Data Gateway Adaptation^]. Nevertheless, proprietary 

tunnel protocols are most commonly used in this interface. Currently the WAP Gateway 

supports the aforementioned Wireless Data Gateway Adaptation, but also UCP and 

SMPP, as well as Computer Interface for Message Distribution (CIMD) by Nokia. 

CIMD is designed only for the GSM network, so in the case of IS-136 the possible 

choices are SMPP and UCP.

GHOST, the WDP bearer in IS-136, is used between the teleservice server and the

mobile terminal. Despite the fact that GHOST is specified as a WAP bearer[7], it is not 

yet available for this purpose. The reason is very simple, there are not any handsets 

supporting GHOST commercially available just yet. In addition, GHOST will only 

work in handsets that are interoperable between GSM and IS-136 networks. However, 

the lack of proper handsets does not affect the Gateway development. The reason is that 

the Gateway only has to communicate with the teleservice server, and by using one of 

the aforementioned tunnel protocols, it is able to do that. The best choice for IS-136 

would be SMPP, because it is most widely used for this purpose. Another reason is the
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fact that the generic SMPP3.4 driver of the Gateway also provides support for the 

Wireless Data Gateway Adaptation protocol. The current SMPP driver implementation 

in the Gateway is designed for the GSM network, and it would require some 

modifications in order to ensure support for IS-136. If the modifications are made, the 

Gateway will be capable of handling WAP traffic over the GHOST bearer. Next, the 

required changes to the SMPP driver will be explained.

GHOST supports both binary and text based headers. The header structure is defined 

using the User Data Header (UDH) framework as defined in GSM 03.40(28]. When 

GHOST is used as a WAP bearer, the headers are always sent in binary format in order 

to reduce the size of data transferred over the network. Because of this, the SMPP driver 

of the Gateway must be able to handle binary data both in the uplink (i.e. from the 

teleservice server to the Gateway) as well as in the downlink (from the Gateway to the 

teleservice server). This means that support for bi-directional transfer of binary data 

must be added to the SMPP driver. In addition, the SMPP specification^] includes 

some parameters with network-specific values, which will have to be changed when the 

SMPP driver is updated from GSM to IS-136. Figure 11 shows the protocol profile 

when operating on the IS-136 GHOST bearer service.
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WAE iVAE/Other servers

Subnetwork

Tunnel

TSAR = Teleservice Segmentation and Reassembly (optional feature)

Figure 11. WDP over IS-136 R-DATA using GHOST.

UDP is adopted as the WDP protocol definition for those cases where IP is used as the 

routing protocol. The other bearers in IS-136 i.e. GUTS, circuit- and packet-switched
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data, utilize datagram services provided by UDP. GUTS is slightly different from the 

other UDP bearers, because it actually uses UDP only between the teleservice server 

and the mobile terminal. The connection between the Gateway and the teleservice

server uses the SMPP tunnel protocol. The implementational changes are therefore 

related to the SMPP driver. First of all, the same changes as required for GHOST must 

also be done for GUTS. Furthermore, the driver must be configured in such a way that it 

emulates transfer of UDP traffic. This is done by modifying the driver to send datagram 

packets instead of short messages. The WDP layer of the Gateway's WAP protocol 

stack must be forced not to segment outgoing messages, because the segmentation and 

reassembly procedures are managed by the teleservice server. This can be done by 

changing the configuration of the driver. When these changes have been made, the 

SMPP driver will be able to emulate UDP traffic as required for GUTS. Figure 12 

illustrates the protocol profile when operating on the IS-136 GUTS bearer service.
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R-DATA
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SSAR = Simplified Segmentation and Reassembly

Figure 12. WDP over IS-136 R-DATA using GUTS.

Circuit-switched data is implemented similarly as in GSM, so no changes are needed to 

the Gateway. Also the packet-switched bearers CDPD and GPRS use UDP, and they do 

not require an interface to a teleservice server. For IS-136 GPRS, or GPRS-136 as it is 

also called, the UDP interface is identical to the existing GSM-specific implementation, 

i.e. the Gateway connects to a GGSN when data is transmitted over the GPRS network.

Despite the fact that CDPD is not used in GSM, it does not require implementational 

changes in the Gateway. When data is transmitted using CDPD as bearer, the WAP
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Gateway establishes a connection to a Mobile Data Intermediate System (MD-IS), 

which provides NAS functionality^]. The MD-IS then transfers the data to the mobile 

terminal through a Mobile Data Base Station (MDBS). The mobile terminal has a fixed 

IP address, which is a unique feature compared to all the other treated bearers. The 

protocol profile looks as shown in Figure 13 when CDPD is used as the bearer.
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MDLP Sub
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SNDCP
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MDLP = Mobile Data Link Protocol MAC = Medium Access Control
SNDCP = SubNetwork Dependent Convergence Protocol

Figure 13. WDP over CDPD.

4.2.2 Protocols related to WAP

Certain WAP-specific services include additional interfaces and protocols to be 

supported by the Gateway. These services are called Push and Wireless Telephony 

Application (WTA). Also location-based WAP services require interfaces to other 

network elements. Location-based services will be only partly specified by the WAP

Forum, so the practical implementation is proprietary. This study concerns the Nokia 

implementation, and how it can be applied to the treated networks. The security 

protocols SSL and WTLS operate above the transport protocol layer, and are therefore 

independent of the underlying transport network.

The WAP Push framework introduces a means to transmit information to a device 

without previous user action. In other words, the Push transaction is server-initiated 

instead of user-initiated. A Push Initiator (PI) initiates the transaction by sending the
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information to the Gateway. After this, the Gateway sends the information to the client 

using one of the suitable bearers. The interface protocol between the PI and the 

Gateway is called Push Access Protocol (PAP)[3i], and it is network-independent. The 

protocol between the Gateway and the mobile terminal is called Push Over The Air 

(PushOTA) [32], and it is also independent of the underlying transport network. Figure 

14 shows a high-level comparison between Pull and Push transactions.

Pull transaction

Push transaction

Mobile
Terminal

Origin 
Server/ 

Push InitiatorGateway

Figure 14. A comparison of Pull and Push transactions.

This server-initiated operational principle creates a certain requirement for the used 

bearer. According to the specifications^], the client device address must have a static 

value from a well-known network address space. This means that those bearers, which 

assign dynamic addresses to the clients, can not be used for Push transactions. In GSM 

the only possible bearer is SMS, since it uses the static MSISDN number for the client 

address. The other bearers use dynamic IP addressing. In addition, circuit-switched 

bearers can not be used for Push services, because the circuit connection can only be 

established from the client, not from the server. The conclusion is that in IS-136, the 

only possible bearer for Push services is GUTS. It uses an IS-136-specific MSISDN 

encoding for client addresses. GHOST uses the GSM-specific MSISDN encoding, and

it requires phones that are interoperable with GSM. GHOST is therefore not suitable for 

the majority of IS-136 subscribers.

Support for Push in IS-136 means implementational changes in the Gateway. There 

must be an interface between the GUTS bearer implementation and the Push Proxy 

Gateway (PPG) component of the WAP Gateway. There are also certain Push-specific 

parameters that must be added to the GUTS bearer configuration. Only by doing these 

modifications, Push services can be supported in IS-136 networks.
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WTA is another WAP feature that requires network-specific implementation. The WTA 

framework supports Wireless Telephony Applications that interface with the in-device 

telephony related functions and the network telephony infrastructure^]. WTA services 

require proper terminals, a WAP Gateway, and a WTA server, which basically is an 

origin server. Practical examples of WTA services are incoming call handling (accept, 

redirect call etc.), voice mail, and e-mail. The specifics of WTA services are defined in 

the form of an interface called Wireless Telephony Application Interface (WTAI). The 

WTAI specifications include an addendum for IS-136 networks, which will have to be 

supported when updating the existing WTA functionality of the Gateway from GSM to 

IS-136. This addendum lists two network-specific features that are mandatory for the 

WMLS encoder in the Gateway. These are support for the IS-136 network WTAI 

library identifier, and support for IS-136 network WTAI function identifiers. Obviously 

these features must be incorporated in the Gateway if WTA is to be supported in IS- 

136.

Location-based services, which can be seen as a form of WTAI services, are in the 

process of being specified by WAP Forum. Location based WAP services are, in short, 

services dependent on a geographical location. The WAP location framework is 

designed in such a way that there will not be any dependencies of network- or 

positioning technology. The actual positioning technologies, which will provide the 

location information in the different networks, will be proprietary implementations 

designed by the handset and network infrastructure manufacturers. The location 

framework supports several different location information formats in order to be as 

transparent and interoperable as possible.

A location-based service request might be processed in the following way, depending 

on the implementation: First the mobile terminal sends the location-based service 

request to the Gateway. The request is directed from the Gateway to the content server, 

which replies with a request for the mobile terminal's location information. This request 

is passed back to the mobile terminal, which sends the location information to the 

Gateway. The Gateway then passes the information to a location server, which converts 

the information to the required format (e.g. latitude/longitude coordinates) and sends it 

to the content server through the WAP Gateway. Finally, the content server sends the
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location-enhanced content to the mobile terminal through the Gateway. Figure 15 shows 

the elements that are needed for location-based services.

Mobile
Terminal

WAP
Gateway

Content
Server

Location Server

Figure 15. Network elements for location-based WAP services.

Due to the technology-independent nature of the WAP Location framework, there are 

no specific requirements related to different mobile networks. However, the location 

server must be modified to support the positioning technologies that are used in 

different networks. Naturally there is also a need for mobile terminals that support the 

positioning technologies, as well as the WAP location framework.

Nokia is developing a proprietary solution for location-based services. It is designed in 

cooperation between the WAP Gateway and location server development organizations. 

The location server will support GSM-specific location information, i.e. cell ID, timing 

advance and signal strength. If location-based services are to be supported in IS-136 as 

well, the location server must support an IS-136-specific positioning method. At least 

Nokia has had plans to use Global Positioning System (GPS) in IS-136 terminals, but 

currently it is unknown whether this will be the used method or not.

The Gateway, on the other hand, is not affected by the positioning methods because its 

only task is to route the traffic between the other network elements. For the Gateway's 

part, the only implementation requirement is to support the WAP location framework 

specification. The next version of the Gateway will support this specification.
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4.2.3 Supporting services

The WAP Gateway utilizes a number of supporting services. Currently there are 

interfaces for subscriber identification, statistics reporting and billing, as well as an 

interface to a Network Management System (NMS). The only service that is network- 

dependent is subscriber identification. Billing information and statistics reports are 

transferred using the File Transfer Protocol (FTP), and the interface between the 

Gateway and the NMS uses the Simple Network Management Protocol (SNMP). Both 

of these protocols are official Internet Protocol standards, and they are by no means 

related to the mobile network.

The Subscriber Identification Resolver (SIR) is used for resolving a unique subscriber 

identifier for requests that come through the UDP bearers. In these cases the request 

packet contains only the subscriber's IP address, which is normally dynamically 

allocated and does not give any specific information about the subscriber. With SIR, the 

Gateway is able to resolve e.g. the user's MSISDN for various purposes, most 

importantly billing.

The common authentication protocol, Remote Authentication Dial-In User Service 

(RADIUS)[35j is used to transfer the identifiers from a NAS to the Gateway. RADIUS is 

able to carry the subscriber's identifiers in the "calling-station-id" attribute. SIR extracts 

the attribute and the corresponding IP address from RADIUS packets and writes the 

mapping to a database storage to be readable by the Gateway. SIR also acts as a proxy 

between the NAS and a separate RADIUS server, which manages the user 

authentication and accounting when a request is made. SIR can manage the accounting 

if a RADIUS server is not available, but in that case authentication is not provided. The 

current implementation of SIR is depicted on a high level in Figure 16. The figure 

shows the elements and protocols that are used for identifying the subscriber when a 

request is made.
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Figure 16. Interfaces of the SIR system.

The implementation of SIR is network-dependent due to the fact that the NAS 

functionality might not be identical in the different networks. In addition, the subscriber 

identifiers might vary depending on the used bearer type. The current SIR 

implementation supports subscriber identification when GSM CSD or GPRS bearers are 

used. Because of the fact that IS-136 is very similar to GSM, SIR will support also IS- 

136 networks without implementational changes. Even if the MSISDN encoding is 

different compared to GSM, the MSISDN will arrive to SIR in the correct format. The 

NAS configuration, however, must be done according to the SIR specification so that 

the correct information packets are transmitted. As the next chapter will describe, the 

implementation of SIR in IS-95 is not as straightforward as in this case. The simplicity 

of adapting SIR to IS-136 comes from the fact that the network is very similar to GSM.

4.3 Protocols in IS-95

4.3.1 Protocols related to bearer services

IS-95 supports SMS, CSD and packet data bearers for transmission WAP traffic. Each 

of these must be implemented in the Gateway in order to provide full-scale services.

IS-95 SMS is a WDP bearer. The WDP datagrams use the WAP teleservice, which is 

defined in the IS-637 specification^]- WDP datagrams are sent in the User Data 

subparameter of SMS point-to-point messages. The client address, i.e. the MSISDN, is 

encoded according to IS-637. Because some datagrams may be too long to fit in one 

SMS message, a datagram can be segmented, sent in several SMS messages, and
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reassembled at the destination. The IS-637 standard does not define segmentation and 

reassembly procedures, so instead they are defined in the WAP WDP specification^]. 

Figure 17 shows the protocol profile when operating on the IS-95 SMS bearer service.

Mobile Terminal WAP Gateway

vVAE/Other serveriWAE

Message Center

WDP

MC I/FSMS (IS-637) (IS-637)

Figure 17. WDP over IS-95 SMS.

The implementation of IS-95 SMS requires modifications in the WDP layer of the 

Gateway's WAP protocol stack. The SMS message format must be adapted to the 

format specified in IS-637 and WAP-200. Segmentation and reassembly must be 

implemented. In addition, the interface between the Gateway and the MC must be 

modified according to the specifications of the used interface protocol. In this case the

logical choice for interface protocol would be SMPP, because of its popularity and the 

fact that it is used also in GSM and IS-136. Therefore, the SMPP driver of the Gateway 

must be designed so that IS-95-specific features are supported according to the latest 

SMPP specification^].

Circuit- and packet-switched bearers do not require any new interface protocols. When 

circuit-switched data is used, there are two options for the Gateway to connect to the 

IWF. Depending on the functionality of the IWF, the connection can be established 

either directly or through a PSTN. In the latter case the data will be sent through a 

modem pool located in the PSTN. Packet-switched data will always be sent directly

from the IWF to the Gateway. If CDPD is used, an MD-IS acts as the IWF and transfers 

the data between the mobile terminal and the Gateway.

Both circuit- and packet-switched bearers use UDP as the transport protocol. They use 

IPv4 for client addressing. According to WAP-200[7], circuit- and packet-switched 

bearers in IS-95 do not require WDP adaptation, since they use UDP. The conclusion is
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that no implementational changes are needed for the Gateway to support these bearers 

for transmission of WAP traffic.

4.3.2 Protocols related to WAP

There are two WAP services that require network-specific modifications to the 

Gateway. These are, like in IS-136, support for Push and WTA.

The bearer requirements for Push services are the same as for any network, as 

mentioned in chapter 4.2.2. Client addressing and the unsuitability of CSD as a Push

bearer results in only one choice. The only bearer capable of transmitting Push 

messages in IS-95 is SMS.

In order to provide Push services, the WDP layer of the WAP protocol stack must be 

modified so that it has an interface to the PPG component of the Gateway. The SMS 

bearer configuration must also be extended to include the Push-specific parameters that 

are required by the PPG.

The requirements for WTA support are not exactly known at the moment. The WAP 

Forum is currently designing the IS-95 addendum for the WTAI specification. The 

addendum will contain similar requirements as for IS-136, i.e. changes in the WMLS 

encoder of the Gateway. If the Gateway shall support WTA in IS-95, the WMLS 

encoders must support IS-95 Network WTA library identifiers and IS-95 Network WTA 

function identifiers as specified in the upcoming WTAI specification addendum.

Location-based services do not require any IS-95-specific modifications to the Gateway. 

As mentioned in chapter 4.2.2, the WAP location framework is network-independent, so 

the main issue is to have a location server and mobile terminals that support the used 

positioning technology. It is currently unknown what kind of positioning technology

will be used in IS-95. The CDMA Development Group is in the process of finding a 

suitable technology for this purpose.
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4.3.3 Supporting services

The majority of supporting services are, as mentioned earlier, independent of the mobile 

network technology. In fact, subscriber identification is the only supporting service that 

needs to be adapted to IS-95. The reason is that there is no NAS for SIR to connect to. 

Subscriber identifiers must, in this case, be forwarded from an IWF to SIR. Due to this, 

the SIR functionality is tightly related to the functionality of the IWF.

The current implementation of SIR uses the RADIUS protocol for receiving and 

transmitting the subscriber identifiers. In order for SIR to function in the IS-95 network, 

it needs to communicate with the IWF by using RADIUS. As a result of this, the IWF 

must support RADIUS similarly to the NAS used in GSM and IS-136.

The configuration of the IWF must also be adapted according to the SIR requirements. 

The configuration parameters and overall functionality of the IWF might vary 

depending on the vendor, so the implementation must be designed to be as flexible as 

possible. Nevertheless, the implementation of SIR in GSM has showed that in practice, 

however, different vendors' NAS:s might require different kinds of configuration 

settings in order to work properly. One option would be to define the SIR settings for a 

widely used IWF, such as the one manufactured by CommWorks. The CommWorks

IWF acts as a RADIUS proxy by forwarding the subscriber identifier packets to SIR. If 

this kind of IWF is used, the issue for SIR development is to find the right configuration 

settings both in the IWF as well as in SIR.

There is also another method of arranging subscriber identification, but this approach is 

completely different from the one mentioned above. Openwave, a mobile Internet 

software vendor, has implemented a system for subscriber identification in its WAP 

browsers. These browsers are used in all IS-95 WAP terminals, including Nokia's. 

Openwave's system requires proprietary features both in the terminal browser as well as 

in the Gateway. If this system were to be chosen instead of SIR, negotiations about 

software licensing would have to be established with Openwave. The biggest advantage

of this solution is the fact that it is already implemented and fully functional. On the 

other hand, the adoption of this system would also mean that the subscriber
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identification would be dependent on the browser manufacturer, which could be 

considered a disadvantage. In any case, it is up to the R&D management to decide 

which method is to be chosen for subscriber identification.

4.4 Chapter summary

This chapter presented the protocols related to bearers and WAP services in the treated 

networks. The specific implementation requirements were identified, so that the WAP 

Gateway could be developed for IS-136 and IS-95 networks. The requirements include 

updates to bearers, Push and WTA functionality, as well as to the subscriber

identification resolution system. Most of the changes are related to existing 

functionality, but also a completely new feature would be needed if the subscriber 

identification is redesigned, as described in chapter 4.3.3.
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5 WAP Gateway architecture

5.1 Chapter objectives

This chapter presents feasible Gateway architectures in IS-136 and IS-95 environments. 

The internal and external components of the Gateway are described, as well as the 

changes they require. The requirements set on mobile terminals are also identified, since 

there must be terminals capable of using the features and services that the Gateway 

provides. Finally, some estimates are presented concerning the availability of proper 

terminals.

5.2 Gateway architecture for IS-136

As a result of chapter 4.2, which presented the protocols and implementation 

requirements for IS-136 networks, a framework for the Gateway architecture can be 

made. Figure 18 represents a logical model of the architecture, based on the 

functionality of the Gateway. The figure shows the interfaces and their relationships 

with internal components of the Gateway.
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Figure 18. WAP Gateway interfaces and internal components.

The Gateway consists of the following components:

• The main subsystem, which integrates the request handling subsystem into the 

Gateway and provides some additional functionality. The request handling 

subsystem includes the bearer drivers.

• The management subsystem, which provides the user interface for monitoring and 

controlling the Gateway.

• A subsystem that monitors the status of other subsystems and interfaces with the 

NMS system.

• A subsystem for performing all offline tasks not involved in the WAP request 

handling.

• PPG = The Push Proxy Gateway is the Push request handling subsystem of the 

Gateway. PPG sends the Push messages using an appropriate bearer.
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• SIR = Subscriber Identification Resolution subsystem provides the subscriber 

identifier based on the temporary IP address. The identifiers are retrieved from the 

NAS.

Most of these components are not affected by the IS-136-specific modifications.

Basically only the request handling subsystem and its bearer drivers need to be updated

according to the requirements set by the bearers. A summary of the implementational

changes mentioned in chapter 4.2 looks as follows:

• The SMPP3.4 driver must support transfer of binary headers. This requirement 

concerns GHOST and GUTS bearers.

• The SMPP3.4 driver must support the IS-136 network in general. The SMPP 

specification includes network-specific parameter values, which will have to be 

updated for IS-136. Also this requirement concerns GHOST and GUTS bearers.

• The SMPP3.4 driver must support the GUTS bearer. The driver must be configured

in such a way that it emulates transfer of UDP traffic, i.e. messages are sent as 

datagram packets instead of SMS messages. The messages must not be segmented.

• The Push Proxy Gateway (PPG) component of the WAP Gateway must be able to 

use the GUTS bearer.

• Push-specific parameters must be added to the GUTS bearer configuration.

• Support for WTA functionality in IS-136 must be added. The WMLS encoders in 

the request handling subsystem must be modified according to the WTAI addendum 

for IS-136 networks. The encoders must support IS-136 network WTAI library 

identifier, and IS-136 network WTAI function identifiers.

5.3 Gateway architecture for IS-95

Chapter 4.3 presented the protocols and implementation requirements for IS-95 

networks. Based on this knowledge, the Gateway architecture can be outlined. Figure 19 

depicts a logical model of the architecture, showing the interfaces and their relationships 

with internal components of the Gateway.
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Figure 19. WAP Gateway interfaces and internal components.

The implementational changes concern the SIR and request handling subsystems. As 

described in chapter 4.3, the following changes need to be done:

• The request handling subsystem must support the IS-95 SMS bearer. This will be 

done by redesigning the WDP layer of the WAP protocol stack. The mapping of 

WDP for IS-95 SMS must be done according to the WAP WDPp] specifications.

• The SMPP3.4 driver must support the IS-95 network in general. The SMPP

specification includes network-specific parameter values, which will have to be 

updated for IS-95. This requirement concerns the SMS bearer.

• The Push Proxy Gateway (PPG) component of the WAP Gateway must be able to 

use the SMS bearer.

• Push-specific parameters must be added to the SMS bearer configuration.

• Support for WTA functionality in IS-95 must be added. The WMLS encoders in the 

request handling subsystem must be modified according to the forthcoming WTAI
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addendum for IS-95 networks. The encoders must support IS-95 network WTAI 

library identifier, and IS-136 network WTAI function identifiers.

• A method for subscriber identification must be chosen. There are two alternatives, 

as described in chapter 4.3.3: either SIR with CommWorks' IWF, or Openwave's 

proprietary client identification solution. If Openwave's solution is chosen, 

negotiations about software licensing must be initiated. If SIR is chosen, the 

requirements are as follows:

• The IWF must be configured to work with SIR. In practice this means that the 

IWF must forward the correct attributes (e.g. IP address and MSISDN) in the 

RADIUS packets.

• SIR must be configured to work with the IWF. SIR must be able to extract the 

correct attributes from the RADIUS packets sent by the IWF.
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5.4 Changes in mobile terminals

A network-independent Gateway alone does not guarantee WAP services in the treated 

networks, naturally there is also a need for proper terminal equipment. There are a 

number of updates needed in the terminals. Next, these requirements will be presented 

for IS-136 and IS-95 networks.

5.4.1 Terminals in IS-136

The terminal requirements are directly related to the bearers and WAP services offered 

in IS-136. Currently available terminals basically support only CSD, although some 

include also CDPD. The terminal browsers support the WAP 1.1 standard, which does 

not include Push and WTA services. IS-136 terminals must support the following new 

features:

• Support for GHOST bearer. The first GSM/IS-136 interoperable terminals (GAIT

terminals) are expected to be available before the end of year 2001рб]. The GAIT 

terminals will include GHOST support.

• Support for GUTS bearer. G UTS-capable terminals are in the process of being 

tested. Market release dates are unknown.

• Support for GPRS bearer. GPRS-capable terminals are expected to be available 

before the end of year 2001 [20]-

• The terminals are required to have a WAP browser with support for Push and WTA 

services. Proper browsers are estimated to be available before the end of year 2001.

• Ultimately also terminals with support for location information are needed. 

Terminal availability is impossible to predict due to the fact that it is unknown 

which positioning technology will be used in IS-136.

The next version of the Nokia WAP browser will support WAP 1.2.1, which includes 

Push and WTA functionality. There is no official information available concerning the 

product launch date. At least the Nokia 8310 (GSM/GPRS) terminal will have this 

browser, which means that it will probably be included in the upcoming IS-136
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terminals as well. The market leading browser vendor, Openwave, has estimated that 

their next browser version with support for WAP 1.2.1 will ship in commercial handsets 

in mid 2001 [37]. Actually the Motorola A6188 (GSM) terminal has it already, so it 

seems that Push and WTA services will be available in at least some IS-136 WAP 

terminals before the end of this year.

As mentioned earlier, GPRS is not yet publicly available in IS-136. AT&T Wireless, the 

largest IS-136 operator in the U.S., has announced that it will start to deploy a GPRS

network during the year 2001(2o]. By the end of the year, the GPRS network is supposed 

to cover 40% of AT&T's subscribers. AT&T has also reached agreements with terminal 

manufacturers for proper terminals. Cingular Wireless, another major U.S. operator, is 

currently testing GPRS in California and Nevada. Commercial deployment is planned to 

start during the year 2001.

5.4.2 Terminals in IS-95

Most of the current mobile terminals in IS-95 support CSD and network-specific packet 

data. The new software requirements for IS-95 terminals are the following:

• Support for SMS bearer. Market release dates are unknown.

• Support for CDPD bearer. However, there are separate CDPD modems that can be 

used with laptops, PDA:s etc.

• The terminals are required to have a WAP browser with support for Push and WTA 

services. Proper browsers are estimated to be available before the end of year 2001.

• Ultimately also terminals with support for location information are needed. 

Terminal availability for location services is impossible to predict due to the fact 

that it is unknown which positioning technology will be used in IS-95.

As mentioned earlier, Openwave is the market leader for browsers in WAP-enabled IS- 

95 terminals. Also the Nokia 6185i, which is Nokia's only IS-95 WAP terminal, uses 

Openwave's browser. WAP 1.2.1 functionality, which includes Push and WTA, is 

estimated to be publicly introduced in Openwave's browser in mid 2001. Due to the fact
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that there are already GSM terminals with WAP 1.2.1 browsers, it is likely that they 

will be included in IS-95 terminals in the near future as well.

5.5 Chapter summary

This chapter presented the Gateway architectures in IS-136 and IS-95 network 

environments. The different components and the changes in their functionality were 

described. Furthermore, the requirements set on mobile terminals and WAP browsers

were introduced. A problematic issue related to WAP services in the treated networks is 

the lack of proper terminal equipment. The equipment manufacturers are naturally very 

discreet about their plans concerning market release dates. Nevertheless, the Gateway 

should be updated and developed so that the functionality is ready when the terminals 

finally become available.
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6 Functionality verification

6.1 Chapter objectives

At this point, when the software requirements have been specified, the network 

infrastructure can be defined as well. This chapter presents the infrastructure in the form 

of a test environment, which includes all the required network elements. Examples of 

actual vendor-specific network elements will be presented. Furthermore, this chapter 

includes the functionality verification methodology in the treated networks. The 

functionality verification will cover only the IS-136 and IS-95-specific implementation, 

since the network-independent features are tested during functional testing in the GSM 

network. Also the interoperability testing procedure, which verifies proper functionality 

against different manufacturers' mobile terminals, will be explained.

6.2 WAP Gateway functional testing in IS-136

Because of the fact that GPRS is not yet used in IS-136 networks, there is no possibility 

to test transfer of packet data in IS-136. However, the GPRS bearer is included in the 

GSM-specific functional testing of the Gateway. The functionality of the GPRS bearer 

is very similar in both cases, so it is assumed that GPRS will work also in IS-136. Other 

features impossible to test are WTA, GUTS- and GHOST bearers, as well as Push- and 

location services. All of these require proper handsets, which are unavailable at the 

moment. However, this chapter includes test descriptions and environments for all of 

the aforementioned features, which should be tested as soon as there is proper 

equipment available.

6.2.1 Requirements for testing

The purpose of the tests is to verify that the WAP Gateway works in a live IS-136 

environment. IS-136 mobile terminals will be used to send WAP requests to the 

Gateway via a teleservice server and a NAS located in an IS-136 network. The
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Gateway will service the requests by retrieving content from the Internet and sending 

the responses back to the terminal via the teleservice server and the NAS.

The tests must be executed with the Gateway running on a standard UNIX-based 

platform. The Gateway must have access to an origin server located in the Internet. The 

Gateway must be configured to an appropriate MC, IWF, and IS-136 network. Access 

must also be provided to a RADIUS-, WTA-, and location server, as well as a Push 

Initiator. The IS-136 functional testing will be done after the complete functionality of 

the Gateway has been verified in the GSM network environment.

6.2.2 Test environment

Figure 20 shows the environment that is required for functional- and network 

compatibility testing in IS-136.

MS

Figure 20. Environment for IS-136 testing.

Each element requires its own piece of hardware. Table 1 includes the hardware that is 

needed for the various network elements. It should be noted that the mentioned 

hardware platforms are only examples, there might also be other options available.

Table 1. Hardware for IS-136 testing.

Element Hardware

WAP Gateway Standard UNIX-based platform e.g.

-HP L2000 Series server

-Sun Netra tl405 server
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Teleservice Server Standard UNIX-based platform from either HP or Stratus, e.g.

-HP L2000 Series server

-Stratus Continuum Series 1200 server

NAS Cisco AS5300

Origin Server Options:

-PC

-standard UNIX-based platform e.g. HP, Sun

Push Initiator Options:

-PC

-standard UNIX-based platform e.g. HP, Sun

RADIUS Server Sun UNIX platform

Location Server Sun UNIX platform

Mobile terminals Standard IS-136 terminals with built-in digital data

WTA server Hardware is currently unknown due to the lack of proper WTA

servers

The corresponding requirements for network element software are presented in Table 2.

Table 2. Software for IS-136 testing.

Element Software

WAP Gateway -Gateway software with IS-136-specific implementation

Operating system:

-Solaris 8 for Sun Netra tl405

-HP-UX 11.0 for HP L2000

Teleservice Server -Lógica Telepath SMSC software supporting GHOST and

GUTS bearers and the IS-41 signaling protocol

-HP-UX 11.0 operating system

NAS Cisco AS5300 Series IOS (operating system)
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Origin Server Operating system:

-Windows NT, Linux, UNIX etc.

Web server:

- iPlanet, Apache etc.

Push Initiator Options:

-Nokia WAP Load Generator PI software on Windows NT

-Nokia Activ Alert PI software on UNIX

RADIUS Server Nokia IP Authenticator (NIA) version 2.1.1

Location server Nokia Artuse Location Server software supporting a network-

specific positioning technology

Mobile terminals -GUTS, GHOST, and CSD support

-Location Information support

-WAP 1.2.1 browser

WTA server WTA server software supporting the network-specific WTAI

functions

6.2.3 Test descriptions

The features to be verified are GUTS-, GHOST-, and CSD bearers, Push-, WTA- and

location services, and subscriber identification (i.e. SIR). These are the features that 

require new implementation to the Gateway, as described in chapter 4.2.

The GUTS bearer testing should be done similarly to the SMS bearer testing in GSM. 

From the Gateway's point of view, the GUTS bearer functionality is almost identical to 

the SMS bearer. The GUTS bearer is controlled by the SMPP driver. Therefore the 

testing should concentrate on the SMPP interface between the Gateway and the 

teleservice server. It should be verified that the messages are transferred properly over 

this interface, and of course all the way between the origin server and the mobile 

terminal. Requests should be done both in connection-oriented mode as well as

connectionless mode. This testing requires a mobile terminal supporting GUTS, a 

teleservice server supporting GUTS, and an origin server with WML content.
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GHOST testing should be done similarly to the GUTS bearer testing. The main 

difference is that a GHOST-capable mobile terminal is needed. It should be verified that 

the messages are transferred properly between the origin server and the mobile terminal, 

with special focus set on the SMPP interface between the Gateway and the teleservice 

server. Requests should be done both in connection-oriented mode as well as 

connectionless mode.

The CSD bearer tests should be done in order to verify the core functionality, i.e. that 

requests are properly handled and sent to the mobile terminal over the CSD connection. 

Both connectionless and connection-oriented requests should be tested. This testing 

requires a mobile terminal supporting CSD, a NAS, and an origin server with WML 

content.

Push testing should be done using the GUTS bearer. It should be verified that different 

types of Push messages are sent properly from the Push Initiator (PI) to the Gateway, 

from the Gateway to the teleservice server, and finally from the teleservice server to the 

mobile terminal. This testing requires a mobile terminal supporting Push and GUTS, a 

teleservice server supporting GUTS, and a PI supporting IS-136 message format.

It should also be verified that SIR works in the IS-136 environment. During SIR testing, 

the Gateway's transaction logs and billing information should be verified. The logs and

billing information should contain the subscriber identifiers as resolved by SIR. This 

testing requires a mobile terminal supporting CSD, a NAS, and an origin server with 

WML content.

Location services should be verified when a proper positioning technology has been 

taken into use. The testing methodology is unknown due to the lack of specifications 

and equipment. Nonetheless, the verification of location services requires a mobile 

terminal supporting location information, a location server, and an origin server with 

location-enhanced WML content.

Finally, the WTA functionality in IS-136 should be verified. The verification should be 

done similarly to WTA testing in GSM. In addition to the common WTA features, the
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network-specific features should be tested. WTA testing requires a mobile terminal 

supporting GUTS and WTA, a teleservice server supporting GUTS, and a WTA server 

supporting IS-136-specific WTA features.

6.3 WAP Gateway functional testing in IS-95

The test requirements for IS-95 and IS-136 are very similar to each other. The test 

environment in IS-95 also includes many of the elements used in IS-136. The main 

differences in testing are the network-specific bearers and the subscriber identification 

methods. Due to the different bearers, there are also some network elements that are 

unique to the treated networks. Currently the lack of proper equipment makes it 

impossible to test the SMS bearer, as well as Push-, WTA-, and location services in the 

IS-95 network. In spite of this, the environment and testing focus can be defined.

6.3.1 Requirements for testing

The purpose of the tests is to verify that the WAP Gateway works in a live IS-95 

environment. IS-95 mobile terminals will be used to send WAP requests to the Gateway 

via an MC and an IWF located in an IS-95 network. The Gateway will service the 

requests by retrieving content from the Internet and sending the responses back to the 

terminal via the MC and the IWF.

The tests must be executed with the Gateway running on a standard UNIX-based 

platform. The Gateway must have access to an origin server located in the Internet. The 

Gateway must be configured to an appropriate MC, IWF, and IS-95 network. Access 

must also be provided to a RADIUS-, WTA-, and location server, as well as a Push 

Initiator. The IS-95 functional testing will be done after the functionality has been 

verified in the GSM network environment.
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6.3.2 Test environment

Figure 21 shows the environment that is required for functional- and network 

compatibility testing in IS-95.

Origin
server

Location
serverPush

Initiator

RADIUS
server WTA

server

Figure 21. Environment for 1S-9 5 testing.

The hardware requirements are identical to the ones mentioned in table 1 (for IS-136

testing), with the exception of the MC, the IWF, and the mobile terminals. Table 3 

presents the hardware for these elements.

Table 3. Hardware for IS-95 testing.

Element Hardware
Message

Center (MC)

Standard UNIX-based platform from either HP or Stratus, e.g.

-HP L2000 Series server

-Stratus Continuum Series 1200 server

IWF CommWorks (3Com) 2.5G IWF

Mobile

terminals

Standard IS-95 terminals with built-in digital data

The software for these elements is presented in Table 4.

Table 4. Software for IS-95 testing.

Element Software
Message

Center (MC)

-Lógica Telepath SMSC software supporting the IS-41 signaling

protocol

-HP-UX 11.0 operating system
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IWF CommWorks 2.5G IWF operating system

Mobile

terminals

-SMS, CSD, and IS-95 packet data support

-Location Information support

-WAP 1.2.1 browser

6.3.3 Test descriptions

The features to be verified are SMS-, CSD-, and packet data bearers, Push-, WTA- and 

location services, and subscriber identification. These are the features that require new 

implementation to the Gateway, as described in chapter 4.2.

The SMS bearer testing should be done similarly to the SMS bearer testing in GSM. 

The SMS bearer is controlled by the SMPP driver. Therefore the testing should 

concentrate on the SMPP interface between the Gateway and the teleservice server. It 

should be verified that the messages are transferred properly over this interface, and of 

course all the way between the origin server and the mobile terminal. Requests should 

be done both in connection-oriented mode as well as connectionless mode. This testing 

requires a mobile terminal supporting SMS, an MC, and an origin server with WML 

content.

The CSD bearer tests are identical to the ones in IS-136, except for the fact that an IWF 

is used instead of a NAS. The details of testing are the same as described in chapter 

6.2.3.

The IS-95 packet data bearer testing should cover the basic functionality, i.e. the request 

handling and the transmission of WAP content to the mobile terminal. Both 

connectionless and connection-oriented requests should be tested. This testing requires a 

mobile terminal supporting IS-95 packet data, an IWF, and an origin server with WML 

content.
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Push testing should be done using the SMS bearer. It should be verified that different 

types of Push messages are sent properly from the Push Initiator to the Gateway, from

the Gateway to the MC, and finally from the MC to the mobile terminal. This testing 

requires a mobile terminal supporting Push and SMS, an MC, and a Push Initiator 

supporting IS-95 message format.

It should also be verified that the IS-95-specific implementation of SIR works in a live 

network environment. During SIR testing, the Gateway's transaction logs and billing 

information should be verified. The logs and billing information should contain the 

subscriber identifiers as resolved by SIR. This testing requires a mobile terminal 

supporting CSD or packet data, an IWF, and an origin server with WML content.

The verification of location services is identical to the corresponding testing in IS-136. 

The same lack of equipment, as mentioned in chapter 6.2.3, applies also for location 

services in IS-95.

The WTA functionality verification in IS-95 is similar to the one in IS-136. However, 

SMS is used as the bearer instead of GUTS, and the teleservice server is replaced with 

an MC.

6.4 Functional testing of the CDPD bearer

The CDPD bearer can be tested as a part of functionality verification in either the IS-95 

or IS-136 network. The CDPD bearer tests share the same requirements and 

environment as IS-95 and IS-136 testing. Obviously access to a CDPD network is also 

required. Figure 22 shows the test environment.

CDPD Network Origin
server

MD-IS WAP
Gateway

IS-95 / IS-136 Network

Figure 22. Environment for CDPD bearer testing.

63 (71)



Applying the WAP Gateway to TDMA and CDMA networks

As can be seen from the figure, the Gateway must have access to an MD-IS located in 

the CDPD network. Access to the MD-IS is established through standard IP routers. The 

mobile terminal connects to the CDPD network using either the lower (800 MHz) or 

upper (1900 MHz) frequency range, depending on the characteristics of the terminal and 

the underlying IS-95 or IS-136 network. The testing should cover the basic 

functionality, i.e. the request handling and the transmission of WAP content to the 

mobile terminal. Both connectionless and connection-oriented requests should be tested. 

This testing requires a mobile terminal supporting CDPD and an origin server with 

WML content.

6.5 Certification and interoperability testing

The WAP Forum offers a certification and interoperability testing program that covers 

mobile terminal testing and WML content verification. The certification program is 

administered on behalf of the WAP Forum by its designated certification authority, 

Open Group. After a product has passed Open Group's certification test suite, the WAP 

Forum will officially certify it. The product, which in this case is the WAP Gateway, 

must undergo a number of tests that cover the requirements in the latest WAP 

specifications. At the moment, the test suite is designed according to the requirements in 

the WAP 1.2.1 technical specifications.

The certification and interoperability testing can be executed in all mobile networks 

supporting WAP, including IS-95 and IS-136. The test suite is nearly identical for all

networks. The only exception is the verification of WTA functionality, which includes 

network-specific features. Currently the test suite includes the requirements specified in 

the GSM and IS-136 WTAI addendums. The tests will also cover IS-95 WTAI 

functionality after the corresponding addendum has been finalized.

Certification and interoperability testing does not require changes to the test 

requirements or environments. The only issue is to use different manufacturers' mobile 

terminals when executing the tests, so that interoperability will be verified. The Open 

Group decides which terminals and bearers are to be used. The test suite can be 

accessed from everywhere, as long as the Gateway is able to establish a connection to
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the Internet. After the tests have been executed successfully and the results have been 

approved by Open Group, the Gateway can be officially certified.

6.6 Chapter summary

New features and functionality must undergo testing before commercial usage can be 

started. This chapter described the WAP Gateway functionality verification in IS-95 and 

IS-136 networks. The test requirements and environments were defined. The test 

environments correspond to the operational environments in live networks. This chapter 

also presented examples of actual vendor-specific network elements, which can be used 

in testing, as well as in a live environment.

The functional testing of different features was described on a somewhat higher level. 

Detailed descriptions can not be made before the product specifications have been 

completed. However, the main areas and objectives of functional testing were 

explained. Also the certification and interoperability testing procedures were explained. 

The functionality verification is the last step in the process of applying the WAP 

Gateway to IS-95 and IS-136 networks. After the functionality has been verified, the 

product is ready for commercial deployment.
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7 Conclusions

7.1 Summary

As network technologies are evolving and improving, mobile usage of the Internet is 

becoming more common. WAP is the most widely deployed technology enabling 

mobile access to the Internet. WAP has been designed to be as network-independent as 

possible, so that equal services could be offered to mobile subscribers in various 

networks. In order to make equal services a reality, an interoperable WAP Gateway is 

needed. In this case interoperability means that the Gateway is able to serve customers 

in more than only one mobile network technology.

This study described the methods of applying the WAP Gateway to two different 

networks, IS-136 (TDMA) and IS-95 (CDMA). These are the dominant technologies in 

the North American market, regarding both coverage and the amount of subscribers. 

Both technologies are also deployed in a number of other markets, as mentioned in 

chapter 3.4. Together with GSM, these networks comprise the great majority of mobile 

subscribers throughout the world.

The objective of this study was to provide the technical solutions that are required to 

apply the WAP Gateway to IS-136 and IS-95 networks. In order to meet this objective, 

a number of subtasks were done. To begin with, the protocols concerning data 

transmission in the treated networks were studied. Protocols related to bearer services, 

WAP services, and supporting services were presented, as well as their impact on the 

Gateway implementation.

Secondly, the architecture of the Gateway was described in both of the treated networks. 

The required changes to the Gateway's internal and external components were 

explained, along with the requirements for proper mobile terminals. More precisely, the 

changes concern internal components including the SMPP driver, the Push Proxy 

Gateway, the Subscriber Identification Resolution subsystem, and the WAP protocol 

stack in the request handling subsystem. Support for network-specific bearer services 

require changes in the SMPP driver and the Push Proxy Gateway. The Subscriber
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Identification Resolution subsystem needs to be modified in IS-136 and completely 

redesigned in IS-95. The WAP protocol stack must be updated so that the IS-95 SMS 

bearer and WTA services can be supported. Changes in external components concern 

the NAS and the IWF, which have to be modified so that subscriber identification can 

be arranged in both of the treated networks. The primary requirements for mobile 

terminals are support for network-specific bearers and the WAP 1.2.1 -standard.

Finally, the functionality verification methodology was introduced. The functional-, 

certification-, and interoperability testing procedures were described. Models of the 

Gateway's operational environment were shown, as well as examples of vendor-specific 

network elements. The hardware and software of the network elements were defined.

7.2 Final discussion

Due to its immaturity, the mobile Internet market is still experiencing many changes. 

New technologies are being developed, and the established ones, like i-Mode and WAP, 

will have to compete even harder to maintain their position in the market place. Even 

short-term predictions concerning the success of different technologies are difficult to 

make.

The evolution of mobile networks enhances data transmission in many aspects. Mobile 

Internet users are able to get new, improved services at faster speeds. The mobile core 

networks are changing towards the fixed side, with IP as the main feature. It is probable 

that the core networks will eventually be completely IP-based. This will result in 

significant changes in mobile Internet technologies. However, it is predicted that current

2G networks will dominate the mobile data market for several years to come, as 

mentioned in this study. This means that current mobile Internet technologies, including 

WAP, are also likely to exist for as long as bandwidth limitations are an issue. 

Operators are therefore upgrading their networks in such a way that current services will 

co-exist with new ones, keeping WAP as the basic solution for mobile Internet services.

An interoperable Gateway provides a means for operators to offer WAP services to their 

customers regardless of the mobile network technology. Especially in the U.S., where
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several network standards are widely supported, interoperability is an important issue. 

The findings of this study show that interoperability can be achieved by doing certain 

implementational changes to the Gateway. Even if some changes might require 

additional research, the implementation procedure can be considered relatively 

straightforward. For the Gateway vendor, the major benefit of interoperability is 

naturally the potential new customers operating in the different networks. For the 

operators and end-users, interoperability means transparent, network-independent 

services.

7.3 Future directions

The development of the Gateway is an ongoing process. Naturally the first and most 

important task is to implement the network-specific changes. After that has been done, 

the functionality must be verified in both IS-136 and IS-95 environments. As a part of 

functionality verification, also certification- and interoperability testing should be done. 

After these tasks have been completed, the product can be commercially launched.

The WAP specification is constantly being updated. New features are added and old 

ones are modified. Keeping the Gateway functionality up to date is an important task for 

the future. In practice this means that new WAP features must be implemented. New 

bearers must also be supported, in case such are specified. The next WAP release, called 

WAP 2.0, will contain a number of new technical specifications^. After the release has 

been finalized, it should be checked whether these specifications contain network- 

specific requirements.

Data rates and volumes are increasing as a result of the network evolution. In order to 

match the growing demands, the Gateway's performance must be enhanced. The 

evolving networks also require compatibility. In other words, different network 

generations should be supported simultaneously, so that a single Gateway could provide 

services in 2G as well as 3G networks. The target is to make the transition to upcoming 

generations as smooth as possible.
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