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ABSTRACT

Though we are living in the era of 3G technologies, GSM has played a very important role in this technology movement and still there is a huge customer base for GSM users. With the advent of commercial GSM in Europe in 1992 to the status of EDGE in 2005, GSM Network elements and Radio Interfaces remain the core base model for all these innovative ideas. Due to the wide spread use of GSM technology, its network and radio model has played a very important role for future technology improvements. This survey report is just an attempt towards explaining the basic technologies of GSM and how GPRS and EDGE followed this model for their own implementations. We’ll mainly look into, how GSM takes care of the frequency and time domain issues and how GPRS and EDGE further enhance these issues to their advantage to use the Radio Interface in more efficient way.
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1. INTRODUCTION

Mobile Communications

Over the last decade the mobile telecommunications network has been in transition. The old network was primarily designed for switched-voice traffic and was relatively simple. It was based on Radio Interface (TDMA+FDMA) for subscriber access and a network of telephone exchanges (other nodes in the mobile network) to process calls. This network is evolving into one designed for integrated access, transport, and switching of voice, high-speed data, and video. The network will be based on a variety of complex technologies. 

Starting with its launch in 1992 (commercial release), GSM has been evolving since then, moving through different technologies, 2.5G GPRS and then to EDGE which is also planned to be technologically enhanced for full 3G. 

Radio interfaces play a very important role in the design of any communication network as it’s the last mile access technology, which is available to the user. Due to the inherent issues of interference, fading the design and technologies of the radio interface has always been enhanced to provide the last mile user more and more bandwidth in terms of bits per second. This enhancement comes into different flavors like efficient coding algorithms, efficient modulation techniques and well-planned frequency/time bandwidth utilization among the customer base as per their requirement and as per the nature of the traffic movement/generation. 

In this survey report, we look deep into the GSM Radio interfaces and their functioning. What are design and implementation issues engineers found in its development and what is the final, established, commercial model available. Then we’ll look into how GPRS has used this model for the Packet Switching keeping the same Radio Resources intact and adding a few network nodes in the core network. Finally we’ll see how EDGE is built over GPRS by adding more efficient modulation techniques to Radio Interface without touching the core  network nodes.

2. The GSM Network – Circuit Switching Domain

The GSM network was designed keeping in mind the voice activities of the user and its main purpose was to provide voice connectivity like Public Switched Telephone Networks but with mobility. So Call Processing activities were the major criteria to decide and fix the implementation standards of GSM. The data communication was of secondary importance to this network but to support this also, designers have considered the circuit switching itself the mechanism for transmitting data packets.

GSM Architecture

[image: image9.png]MS BTS BSC MSC

oM oM
Layerd 1w M
3
[BSSMAP)
5T
RR | Lozar
RR i | | [Brs?
\appm || |LaPDm | LaPD Lapp | Scer ||| scer
Laver 1 || |Laver 1 | Layer 1 | | | Layer 1 | m7P P

Um Abis A




Figure 1: GSM Architecture (Ref. Alcatel)

The Mobile Station (MS) directly interacts with one of the Base Transceiver Stations, which in turn interacts with a Base Station Controllers (BSC). BTS and BSC combined together forms the BSS. More than one BTSs are connected with one BSC. The BSC further interacts with Mobile Station Controller (MSC) which is a the heart of the GSM network.  MSC further gives connectivity to the PSTN and other PLMNs.  MSC is also responsible to interact with HLR and VLR, which form the Permanent and Temporary data bases for all the subscribers static and dynamic information.


GSM Protocol Stack
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Figure 2: GSM Protocol Stack (Ref. ETSI)
Protocols on the Um interface

· Layer 1:  Physical layer.

· Layer 2: Here the LAP-Dm protocol is used (similar to ISDN LAP-D). LAP-Dm has the following functions :

· Connectionless transfer on point-to-multipoint signaling channels.

· Setup and take-down of layer 2 connections on point-to-point signaling channels.

· Connection-oriented transfer with retention of the transmission sequence, error detection and error correction.

· Layer 3: Contains the following sublayers which control signaling channel functions (BCH,CCCH and DCCH).

- Radio Resource Management (RR) : The role of the RR management layer is to establish and release stable connection between mobile stations(MS) and an MSC for the duration of a call, and to maintain it despite user movements. The following functions are performed by the MSC  

· Call selection

· Handover

· Allocation and take-down of point-to-point channels

· Monitoring and forwarding of radio connections

· Introduction of encryption

· Change in transmission mode

- Mobility Management (MM) : Mobility Management handles the control functions required for mobility e.g. 

· Authentication

· Assignment of TMSI

· Management of subscriber location

- Connection Management (CM) : Connection Management is used to setup, maintain and take down call connections; it is comprised of three subgroups :

· Call Control(CC) :- Manages call connections.

· Supplementary Service Support(SS) :- Handles special services.

· Short Message Service Support(SMS) :- Transfers brief texts.


Neither the BTS nor the BSC interpret CM and MM messages. They are simply exchanged with the MSC or the MS using the Direct Transfer Application Part (DTAP) protocol on the A interface. RR messages are mapped to or from the Base Station System Application Part (BSSAP) in the BSCREF for exchange with the MSC.

GSM Radio Interface

GSM Radio interface uses the base FDMA+TDMA technologies along with an optional Slow Frequency Hopping. The spec are the specifications are mentioned below. 

•124 radio carriers, inter carrier spacing 200khz.

•890 to 915mhz mobile to base – UPLINK

•935 to 960mhz base to mobile - DOWNLINK
•8 channels/carrier

Frequency Re-Use Distance and the Cluster Size

Radio cells are combined into clusters and each frequency is used once per cluster. Cells of cluster neighboring any other cluster may reuse all frequencies occupied in a cluster in a regular way and thereby repeat the cluster. Because the clusters must supply an entire area with coverage, only certain cluster patterns consisting of, e.g. 3,4,7,9,12 and 13 cells are possible.

The minimum distance between two co-channel cells is called reuse distance D and can be calculated as below.
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Where R is radius of one cell.
Sectoring and Splitting

Now to increase the reuse of the GSM frequencies, there are different approaches currently existing in the field. Sectoring and splitting are the most commonly used mechanism to achieve this.

In sectoring 

•Divides CELL into THREE or SIX sectors – each sector caters a subset of the frequencies

•C/I ratio increases – due to directivity

•No. of channels/sector drops – and so the trucking gain

In splitting

•Decrease the transmission power in Base and mobile

•In effect more and smaller cells

•Frequency reuse increases with more no. of cells

•HALF CELL radius leads FOUR folds increase
Physical and Logical channels

The concept of physical channels and more number of logical channels multiplexed onto these physical channels are applied in GSM, which ultimately allows the system to run multiple activities in parallel which doesn’t really require to use dedicated every slot transmission. Thus the physical channel reuse capabilities are enhanced to a much more level. For example A sequence of EIGHT TDMA Frames (8 time Slots per frame)  on one Physical Channel can be broken down into THREE  Logical channels (4+2+2 slots).

The layout of the Logical channels is given below.

FCCH -- FREQUENCY CORRECTION CHANNEL (Downlink)

SCH      -- SYNCHRONISATION CHANNEL (Downlink)

BCCH   -- BROADCAST CONTROL CHANNEL (Downlink)

PCH      -- PAGING CHANNEL (Downlink)

RACH   -- RANDOM ACCESS CHANNEL (Uplink)

AGCH   -- ACCESS GRANTED CHANNEL (Downlink)

SDCCH -- STAND ALONE DEDICATED CONTROL CHANNEL (U+D)

SACCH -- SLOW ASSOCIATED CONTROL CHANNEL (U+D)

FACCH -- FAST ASSOCIATED CONTROL CHANNEL (U+D)

The hierarchy of frames used in GSM is as below 

•ONE Time Slot = 15/26 ms

•8 timeslots – ONE TDMA frame (120/26 ms)

•26 TDMA Frames – 26-frame Multiframe  (120 ms)

–TCH, SACCH/T, FACCH
•51 TDMA Frames – 51-frame Multiframe (3060/13 ms)

–FCCH, SCH, BCCH, RACH, AGCH, PCH, SDCCH, CBCH, SACCH/C

• 26*51 = 1326 TDMA Frames = 1 Superframe (6.12 second)

•2048 Superframes = 1 Hyperframe (2715648 TDMA Frames) (3 h, 28 m, 53 s, 750 ms)
GSM Speech and Channel coding

First of ALL speech is converted to 8 Ksps by going through a LPF and a A/D converter. Then each symbol is encoded as 13 bits giving 104 Kbps output. Now this is applied to a RPE/LTP encoder, which converts this to 13Kbps. 

Speech is divided into 20 millisecond samples, each of which is encoded as 260 bits, giving a total bit rate of 13 kbps

After that channel encoder comes into picture. The Algorithm for channel encoder is given below.

•The 260 bits are divided into three classes:

–Class Ia 50 bits - most sensitive to bit errors.

–Class Ib 132 bits - moderately sensitive to bit errors.

–Class II 78 bits - least sensitive to bit errors.
•Class Ia bits have a 3 bit cyclic redundancy code added for error detection = 50+3 bits.

•132 class Ib bits with 4 bit tail sequence = 132 + 4 = 136.

•Class Ia + class Ib = 53+136=189, input into a 1/2 rate convolution encoder of constraint length 4. Each input bit is encoded as two output bits, based on a combination of the previous 4 input bits. The convolution encoder thus outputs 378 bits, to which are added the 78 remaining class II bits.

•Thus every 20 ms speech sample is encoded as 456 bits, giving a bit rate of 22.8 kbps.
•To further protect against the burst errors common to the radio interface, each sample is interleaved. The 456 bits output by the convolution encoder are divided into 8 blocks of 57 bits, and these blocks are transmitted in eight consecutive time-slot bursts. Since each time-slot burst can carry two 57 bit blocks, each burst carries traffic from two different speech samples.

3. GPRS – Packet Switching in GSM

With time it was realized that GSM was not designed for the packet switching as the nature of packet traffic is quite different than the voice. The voice being a continuous activity requires fixed rate on the channel for longer periods whereas due to the burst nature of packets, this is not valid. Packet transmission require variable data rate on the channel for shorter intervals. Once this was visualized, the core network was modified to take care of this issue. The new nodes SGSN and GGSN were added in the core network and the lower layers (Layer 2) in BTS and MS were also changed to handle the issues of data traffic. The channels, which were dedicated and circuit switched earlier are now allotted to the use on the fly and released. This allotment has got the provision to allot slots in bursts to cater the need of data traffic.

Architecture of GPRS
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Figure 3: GPRS Architecture (Ref. Vocal Technologies)

Timeslot building requires new functionality on the mobile side. Needs a Serving support node (SGSN), a Gateway support node (GGSN) and a charging gateway function to support packet switched transactions. The packet switched traffic is separated from the circuit switched traffic at the BSC/PCU and diverted to the core network.

Protocol Stack of GPRS
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Figure 4:  GPRS Protocol Stack (Ref. Nuntius Solutions)

New Logical Channels for Data

As the concept of logical channel were explained in the GSM discussion, the same concept is applied here and GPRS generates new type of logical channels to cater the need for the whole new type of Packet transfer. This logical channel follows the 52-frame multiframe architecture as mentioned below.

ONE TDMA Frame = 8 slots

52-multiframe (GPRS) = 52 TDMA frames

This 52 TDMA frames are having EIGHT physical channels throughout. Now these logical channels are mapped onto these physical channels (EIGHT Max). A Radio Block is formed and of FOUR consecutive timeslots of different TDMA frames. So there are 12 Radio Blocks with ONE Idle Block after each block. It is possible to provide the successive slots in the same TDMA frame (Radio Blocks). Thus the burst nature of the Packet traffic is fulfilled by this new framing architecture and  the logical channels availability on the fly.   

The new Logical channels supported are

•PRACH – Packet Random Access Channel, uplink, used to initiate uplink transfer

•PPCH – Packet Paging Channel, downlink, BSC uses this to page the MS before downlink transmission

•PAGCH – Packet Access Grant Channel, downlink, resource assignments are sent on this channel

•PDTCH – Packet Data Traffic Channel, up & downlink, used to send data packets

•PACCH – Packet Associated Control Channel, up & downlink, used to convey signaling along with PDTCH

Channel coding schemes

	Scheme
	Peak Rate per slot (kbps)
	RLC Block size
	Code
rate

	CS-1
CS-2
CS-3
CS-4
	9.05
13.4
15.6
21.4
	181
268
312
428
	.5
.66
.75
1.0


	User Data Rate 
	CS1
	CS2
	CS3
	CS4

	1 Timeslot
	9.05 kbps
	13.4 kbps
	15.6 kbps
	21.4 kbps

	8 Timeslot
	72.4 kbps
	107.2 kbps
	124.8 kbps
	171.2 kbps


Table 1: Various coding available for GPRS
codC
4. EDGE – A Technology Advancement over GPRS

Once the GPRS comes into use, with time and with more user requirements, it was realized that the radio resource is scarce and it will remain as such if the underlying technology for the modulation of RF will remain as such. So it was proposed to use better modulation techniques to improve the data rate for the user as the last mile RF technology is the barrier for the mobile users. Instead of using the tradition GMSK, 8-PSK modulation technique is proposed so that the keeping the symbol rate same, the bit rate increases THREE times. And this enhanced GPRS is termed as EDGE.

[image: image12.png]GPs:
GMSK Moduaton

1bitper symbel

ces:
EPSK Mockation

o

3 it per symbel




Figure 5: Modulation Techniques in GPRS and EDGE (Ref. Ericsson)

The table, below list the technical differences of GPRS and EDGE.
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Figure 6: Difference GPRS and EDGE (Ref. Ericsson)

Architecture of EDGE 

EDGE is a method to increase the data rates on the radio link for GSM. Basically, EDGE only introduces a new modulation technique and new channel coding that can be used to transmit both packet-switched and circuit-switched voice and data services. EDGE is therefore an add-on to GPRS and cannot work alone. GPRS has a greater impact on the GSM system than EDGE has. By adding the new modulation and coding to GPRS and by making adjustments to the radio link protocols, EGPRS offers significantly higher throughput and capacity.
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Figure 7: EDGE Architecture (Ref. Ericsson)

GPRS and EGPRS have different protocols and different behavior on the base station system side. However, on the core network side, GPRS and EGPRS share the same packet-handling protocols and, therefore, behave in the same way. Reuse of the existing GPRS core infrastructure (serving GRPS support node/gateway GPRS support node) emphasizes the fact that EGPRS is only an “add-on” to the base station system and is therefore much easier to introduce than GPRS.

5. Conclusions

With more and more demand for higher bit rates for complex applications, more and more innovative ideas and technologies come into existence. GPRS and EDGE are just a few of them. But still future demands more bit rate that is not being satisfied by these networks today due to limitations of a RF interface and allocated frequencies.  
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