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Wireless Access of GSM

Abstract:

Global System for Mobile communications (GSM) started to be developed by Europeans when

the removal of many European trade barriers (encouraging business travel) intensified the need to

provide “communications without boundaries”. In 1982, European Posts and Telecommunica-

tions Conference (CEPT) allocated two 25 MHz blocks of channels for a future Pan-European

Cellular System. A special group was formed in the same year to specify a European system

requirements for a common technical standard operating under the title ‘Group Special Mobile”,

later called Global System for Mobile communications (GSM). In September 1987, operators led

by UK, France, Germany and Italy compiled a Memorandum of Understanding. By February

1988, GSM had produced sufficient specifications and recommendations to allow development

and manufacturing to begin.

In the June, 1999 issue of IEEE Personal Communications in titled “EDGE: Enhance Data Rates

for GSM and TDMA/136 Evolution” [1] GSM is recognized as one of the second generation wire-

less networks with worldwide success. It is used by more than 135 million subscribers in over 100

countries. Although the existing wireless networks data services are inefficient and do not fulfill

the needs of users and operators, support for data communication over the radio interface is emi-

nent and wireless systems are rapidly improving. This project report will discuss the proposed

system of General Packet Radio Service (GPRS) which will address data services inefficiencies of

GSM as well as the enhancement that Enhanced Data Rates for Global Evolution (EDGE) will

introduce to GSM in catering the third generation (3G) wireless networks.



Background:

GSM is on of the main wireless access system in today’s fast growing communication systems.

GSM has improved user privacy with sophisticated speech coding, ciphering and authentication

schemes. GSM is an open network architecture. It allows Integrated Services Digital Network

(ISDN) like access (a telephone network that is digital) and CCS7 transport layer protocols (a

message-based signaling protocol that controls information traveling between signaling points in

a network). GSM provides Intelligent Network concepts that enables operators to interrogate

intelligent databases with CCS7 protocols. GSM works with the Radio Frequency bands of 890-

915 Mhz (up-link), and 935-960 Mhz (down-link), 124 duplex RF carriers, 8 full rate channels per

carrier as well as 16 half rate channels per carrier. GSM provides circuit-switched data services

with user bit rate up to 14.4 kb/s. Furthermore, it provides an enhanced bi-directional paging ser-

vices as well as a smart card that was the first brick towards personal mobility, Subscriber Identity

Module (SIM). In today’s market where datacom and telecom are converging, the prevailing net-

work architecture need to put additional requirements to support high-speed data, video, and mul-

timedia traffic as well as voice signals to users on the move. This brings us to the vision of

International Telecommunication Union (ITU). ITU have been developing a second-generation

evolution to the third-generation recommendation for International Mobile Telecommunications

in the year 2000 (IMT-2000) since 1980’s. It is, now, known as Universal Mobile Telecommunica-

tions Services (UMTS).

Description:

The remarkable growth of cellular mobile telephony as well as the need for wireless data services

promises an impressive potential for a market that combines GPRS and GSM. Currently, data

rates are too slow and the connection setup takes too long and is rather complicated. Moreover,



the service is too expensive for most users. The drawback results from the fact that the current

wireless data services are based on circuit switched radio transmission. At the air interface, a

complete traffic channel is allocated for a single user for the entire call period. In case of bursty

traffic, e.g. Internet traffic, this results in a highly inefficient resource utilization. The introduction

of GPRS to GSM wireless networks enables the cost effective and efficient use of GSM network

resources of packet mode data applications. This is because GPRS uses a packet-mode technique

to transfer high and low speed data and signalling in an efficient manner. It optimizes the use of

network and radio resources and also defines the common framework for cellular connection to

Internet Protocol (IP) and X.25 networks. Moreover, the introduction of EDGE by Telecommuni-

cations Industry Association (TIA) in USA and ETSI in Europe, will further provides an evolu-

tionary path to the 3G wireless networks. EDGE enhances the A-bis interface (a data bottleneck

of GSM) which supports up to 16 kb/s per traffic channel to about 64 kb/s by making allocation of

multiple A-bis slots to one traffic channel necessary.

GPRS Architecture Overview:

GPRS is logically implemented on the GSM structure via the addition of two network nodes, the

Serving GPRS Support Nodes (SGSN) and the Gateway GPRS Support Nodes (GGSN). SGSN is

at the same hierarchal level as GSM’s MSC. It is linked to the base station systems via Frame

Relay and it keeps track of the individual MS’s locations and manages security functions and

access controls. The GPRS mobility management protocol is derived from GSM’s Mobile Appli-

cation Protocol (MAP). However, The mobility management of GPRS is separate from GSM

mobility management. The mobile management database reside in the SGSN. It has visited loca-

tion registration (VLR) or home location registration (HLR) like functionality. GPRS uses the

International Mobile Station Identity (IMSI) as a primary key in accessing the GPRS network



database. In the June, 1999 IEEE Personal Communications article in titled “GPRS and IS-136

Integration for Flexible Network and Services Evolution,” [2] Figure 1 is presented as the over-

view of regular GPRS network architecture. GPRS has two levels of mobility management meth-

ods: macromobility which tracks the current serving SGSN and micromobility which tracks the

terminal location through the routing area or cell level. On the other hand, GGSN, provides access

to SGSN and facilitates interworking with external packet-switched networks with IP-based

GPRS backbone networks and X.25 networks. GGSN manages routing information for GPRS

subscribers. The routing information is used to tunnel data packets to the SGSN. A mobile station

in GPRS network can operate in one of the following three modes of operation:

•Class A: The MS can attach to both GPRS and other GSM services, and it supports simulta-

neous operation of both services.

•Class B: The MS can attach to both GPRS and other GSM services, but it supports only one

set of services at a time and is able to monitor only one paging channel at a time.

•Class C: The MS can attach only to GPRS services excluding GSM services.

One of the mobility management capability of GPRS is that it is able to coordinates with GSM

through the Gs interface so that the MS in class B can still be paged for either voice or circuit-

switched calls while the it is monitoring the GPRS paging channel in the packet side. In GSM/

GPRS networks, all MSC-originated paging of GPRS-attached MS’s shall go through the SGSN.

This will allow the GPRS network coordination of paging via SGSN based on IMSI. SGSN is

capable of converting the MSC paging message into SGSN paging. Paging via SGSN is more effi-

cient method since the SGSN is capable of paging either a cell or routing area with the MS listen-

ing to only one paging channel. GPRS provides two categories of services. These are Point-to-

Point (PTP) and Point-to-Multipoint (PTM) services. The PTP services provide the transmission



of one or more packet between two users. On the other hand, the PTM services provide the trans-

mission of a single message to multiple subscribers. According to ETSI’s GSM 03.60 specifica-

tion [3], SGSN and GGSN functionality may be combined in the same or different physical node.

In such case, the Gp interface provides the functionality of the Gn interface and the security func-

tionality for inter-Public Land Mobile Network (PLMN) communication based on mutual agree-

ment between operators. In general, GPRS may interwork with IP Public Packet Data Network

(PDN), Connectionless Network Protocol (CLNP) public PDN and X.25 public PDN as well as

other GPRS PLMN.

                              Figure 3 on page 50 of [2].

 Figure 1. Regular GPRS network architecture.

Description:

With the introduction of GPRS to the GSM architecture, now, GSM standards provide packet data

services up to 22.8 kb/s. Although, according to ETSI’s GSM 02.34 [4] and GSM 03.64 [5] spec-

ifications, a higher bit rates can be accomplished with multislot operation. Since, both high-speed

circuit-switched data (HSCSD) and GPRS are still based on the original Gaussian minimum shift-

ing keying (GMSK) modulation, the increase of bit rate is not that much. In 1997, EDGE was pri-

marily proposed to ETSI as evolution of GSM’s radio interface. The EDGE concept includes one

packet-switched mode (EGPRS) and one circuit-switched data mode (ECSD). Furthermore,



EDGE will enhance the existing GSM standards for delivering the 3G services.

Evaluation of approaches:

 ITU’s IMT-2000 initiative for the 3G wireless networks proposals are to overcome the ineffi-

ciency deployment of wireless data services. The 3G capabilities from a network perspective

leads us to the addition of packet switching, Internet access, IP connectivity to current wireless

system.

Oliphant, in the August, 1999 IEEE Spectrum article in titled “The Mobile Phone Meets the Inter-

net,” [6] he listed the chief requirements of any 3G technologies both declared and implied:

•Voice quality comparable to that of the Public Switched Telephone Network (PSTN)

•A data rate of 144 kb/s for user in motor vehicles moving fast over large area

•A data rate of 384 kb/s for pedestrians, standing still or moving slowly over small area

•Phased-in support for 2.048 Mb/s operation for office use.

•Support for both packet switched and circuit switched data services

•An adaptive radio interface suited to the highly asymmetric nature of most internet communi-

cations - a much greater bandwidth for the downlink than the uplink.

•More efficient usage of the available spectrum.

•Support for a wide variety of mobile equipment.

•Flexible introduction of new services and technologies.

Bodies involved in the standardization of 3G mobile communication systems include ETSI in

Europe, ARIB in Japan, TIA and T1P1 in USA and TTA in South Korea. To support the different

spectrum cases and meet ITU’s recommendations, EDGE and Wideband Code-Division Multiple

Access (WCDMA) have been identified as the 3G radio access building blocks. EDGE is a com-

mon technical option for both TIA/Electrical Industries Alliance (EIA)-136 and GSM operators’



data services. EDGE is subject to standardization in TIA TR45.3 and ETSI SMG. Compared to

the existing data services in GSM and TIA/EIA-136, EDGE will provide higher user bit rates and

spectral efficiency. EDGE will introduce GPRS infrastructure-based services on existing 200 kHz

carrier and the existing 30 kHz carrier using 8-phase shift keying (PSK) modulation-based radio

interface. In the June, 1999 IEEE Personal Communications article in titled “EDGE: Enhanced

Data Rage for GSM and TDMA/136 Evolution,” [1] it is noted that 8-PSK is selected since it pro-

vides higher date rates, high spectral efficiency and moderate implementation complexity. Fur-

thermore, the 8-PSK pulse shape is linearized GMSK thus allowing 8-PSK to fit into the GSM

spectrum mask. This implies that GMSK modulation defined in GSM is part of the EDGE con-

cept. The symbol rate for both modulation is 271 kb/s and the gross bit rate per time slot is still

22.8 kb/s for GMSK and 69.2 kb/s for 8-PSK. Figure 2, illustrates the perceived user quality in

terms of information bit rate with EDGE and standard GPRS. In the article, it is noted that the

standardization bodies representing GSM and TIA/EIA-136 and the subscribers of Personal Digi-

tal Cellular (PDC) have chosen to evolve GSM core network, including packet/IP capabilities.

                          Figure 1 (right) on page 58 of [1].

 Figure 2. Perceived user quality in terms of bit rate for EDGE and standard GPRS with 8-PKS.

The enhancement made by EDGE to the GSM/GPRS network is illustrated by Figure 4. It is

noted that only the A-bis interface is affected. The A-bis interface today supports up to 16 kb/s per

traffic channel. However, with the introduction of EDGE, with allocation of multiple A-bis slots

per traffic channel, the bit rate will increase up to 64 kb/s for each traffic channel. Figure 3, illus-



trates the GSM/GPRS network architecture and the shaded nodes and interfaces are affected by

EDGE.

                        Figure 4 on page 60 of [1].

 Figure 3. GSM/GPRS simplified network architecture. The shaded nodes and interfaces are
affected by the introduction of EDGE.

The coverage simulation in noise-limited systems for the EDGE/GSM with 8-PSK and a standard

GSM are analyzed and illustrated in Figure 5. It shows the average packet bit rate per user distri-

bution for EDGE/GSM in the case of 60 users/sector (0.28 b/s/Hz/site) compared to standard

GSM with 27 users/sector (0.11 b/s/Hz/site). Also, the coverage simulations result is also calcu-

lated with the link-level simulation and the block error rate performance was found. The Eb/N0

was further converted to a packet bit rate distribution. It is assumed that in the GSM case a full-

rate speech coder, speech coverage requires an Eb/N0 distribution of 6 dB. However, the require-

ment for the 8-PSK modulation scheme of EDGE/GSM is lower due to the high gross bit error.

The result shows that EDGE/GSM provides better average packet bit rate per user per time slot

than standard GSM.

                       Figure 10 (left) and figure 14 (right) on pages 63 and 65 of [1], respectively.

Figure 5. Average packet bit rate per user for EDGE/GSM and standard GSM (left) and the Aver-
age packet bit rate per user distribution, coverage limited, for EDGE/GSM and standard GSM..



Conclusion:

The GSM standard was digital from the beginning. Now, GSM provides GPRS to its operators

and users to support high data rate services. With the advancement of World Wide Web, Internet

has grown faster than the current wireless technology can support. With the continued globaliza-

tion of telecommunication standards, GSM is converging with other wireless technologies to bet-

ter position its network to the evolution of 3G wireless networks. EDGE and WCDMA have  been

identified as the 3G radio access building blocks. In this project report, we discussed in detail

about EDGE which is the convergence of GSM and TDMA/136 to build a common foundation to

offer common global radio access. EDGE will provide significantly higher user bit rates and spec-

tral efficiency than both GSM and TDMA/136. Since EDGE uses the existing frequency plans, it

introduces the enhanced system in a smooth way to the 3G wireless networks. For future study, I

would like to investigate WCDMA.
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