1. ABSTRACT

EDGE is the next step in the evolution of GSM and IS- 136. The objective of the new technology is to increase data transmission rates and spectrum efficiency and to facilitate new applications and increased capacity for mobile use.

With the introduction of EDGE in GSM phase 2+, existing services such as GPRS and high-speed circuit switched data (HSCSD) are enhanced by offering a new physical layer. The services themselves are not modified. EDGE is introduced within existing specifications and descriptions rather than by creating new ones.

GPRS allows data rates of 115 kbps and, theoretically, of up to 160kbps on the physical layer. EGPRS is capable of offering data rates of 384 kbps and, theoretically, of up to 473.6 kbps. A new modulation technique and error-tolerant transmission methods, combined with improved link adaptation mechanisms, make these EGPRS rates possible. This is the key to increased spectrum efficiency and enhanced applications, such as wireless Internet access, e-mail and file transfers
GPRS/EGPRS will be one of the pace setters in the overall wireless technology evolution in conjunction with WCDMA. Higher transmission rates for specific radio resources enhance capacity by enabling more traffic for both circuit- and packet-switched services.
2. Introduction 
This white paper is intended for global system for mobile

 communications (GSM) operators interested in understanding Ericsson’s view on how enhanced data for global evolution (EDGE) can play an important role in the evolution toward wideband code division multiple access (WCDMA). 

EDGE can be introduced in two ways: (1) as a packet-switched enhancement for general packet radio service (GPRS), known as enhanced GPRS or EGPRS, and (2) as a circuit-switched data

enhancement called enhanced circuit-switched data (ECSD). This white paper, however, will only discuss the packet-switched enhancement, EGPRS. The purpose of this white paper is to describe EDGE technology and how it leverages existing GSM systems and complements WCDMA for further growth.
2.1. Background

Regarded as a subsystem within the GSM standard, GPRS has introduced packet-switched data into GSM networks. Many new protocols and new nodes have been introduced to make this possible. 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 codingto GPRS and by making adjustments to the radio link protocols, EGPRS offers significantly higher

throughput and capacity.
3. EDGE(ENHANCED DATA RATES FOR GLOBAL EVOLUTION)

With the introduction of EDGE in GSM phase 2+, existing 

services such as GPRS and high-speed circuit switched data 

(HSCSD) are enhanced by offering a new physical layer. The 

services themselves are not modified. EDGE is introduced 

within existing specifications and descriptions rather than by creating new ones.

GPRS allows data rates of 115 kbps and, theoretically, of up 

to 160kbps on the physical layer. EGPRS is capable of 

offering data rates of 384 kbps and, theoretically, of up to 

473.6 kbps. A new modulation technique and error-tolerant 

transmission methods, combined with improved link 

adaptation mechanisms, make these EGPRS rates possible.

 This is the key to increased spectrum efficiency and 

enhanced applications, such as wireless Internet access, e-mail and file transfers
GPRS/EGPRS will be one of the pace setters in the overall wireless technology evolution in conjunction with WCDMA. Higher transmission rates for specific radio resources enhance capacity by enabling more traffic for both circuit- and packet-switched services.
3.1. EDGE TECHNOLOGY:

GPRS EDGE
Modulation -------GMSK 8-PSK/GMSK

Symbol rate------- 270 ksym/s 270 ksym/s

Modulation bit rate-------- 270 kb/s 810 kb/s

Radio data rate per time slot--------- 22,8 kb/s 69,2 kb/s

User data rate per time slot --------20 kb/s (CS4) 59,2 kb/s (MCS9)

User data rate (8 time slots)--------- 160 kb/s 473,6 kb/s

(182,4 kb/s) (553,6 kb/s)
The differences between the radio and user data rates are the result of whether or not the packet headers are taken into consideration. These different ways of calculating throughput often cause misunderstanding within the industry about 

Actual throughput of GPRS AND EDGE.

.
3.2. EDGE MODULATION SCHEME

The modulation type that is used in GSM is the Gaussian minimum shift keying (GMSK), which is a kind of phase modulation. This can be visualized in an I/Q diagram that shows the real (I) and imaginary (Q) components of the transmitted signal (Figure 3). Transmitting a zero bit or one bit is then represented

by changing the phase by increments of + _ p. Every symbol that is transmitted represents one bit; that is, each shift in the phase represents one bit.

. I/Q diagram showing EDGE modulation benefits. To achieve higher bit rates per time slot than those available in GSM/GPRS, the modulation method

requires change. EDGE is specified to reuse the channel structure, channel width, channel coding and the existing mechanisms and functionality of GPRS

and HSCSD. The modulation standard selected for EDGE, 8-phase shift keying (8PSK), fulfills all of those requirements. 

8PSK modulation has the same qualities in terms of generating interference on adjacent channels as GMSK. This makes it possible to integrate EDGE channels into an existing frequency plan and to assign new EDGE channels in the same way as standard GSM channels.

The 8PSK modulation method is a linear method in which three consecutive bits are mapped onto one symbol in the I/Q plane. The symbol rate, or the number of symbols sent within a certain period of
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GPRS EDGE

Modulation GMSK 8-PSK/GMSK

Symbol rate 270 ksym/s 270 ksym/s

Modulation bit rate 270 kb/s 810 kb/s

Radio data rate per time slot 22,8 kb/s 69,2 kb/s

User data rate per time slot 20 kb/s (CS4) 59,2 kb/s (MCS9)

User data rate (8 time slots) 160 kb/s 473,6 kb/s

(182,4 kb/s) (553,6 kb/s)
3.3. CODING SCHEME

For GPRS, four different coding schemes, designated CS1 through CS4, are defined. Each has different amounts of error-correcting coding that is optimized

for different radio environments. For EGPRS, nine modulation coding schemes, designated MCS1 through MCS9, are introduced. These fulfill the same task as the GPRS coding schemes. The lower four EGPRS coding schemes (MSC1 to MSC4) use GMSK,whereas the upper five (MSC5 to MSC9) use 8PSK
.

GPRS user throughput reaches saturation at a maximum of 20 kbps with CS4, whereas the EGPRS bit rate continues to increase as the radio quality increases,

until throughput reaches saturation at 59.2 kbps. Both GPRS CS1 to CS4 and EGPRS MCS1 to MCS4 use GMSK modulation with slightly different throughput performances. This is due to differences in the header size (and payload size) of the EGPRS packets. This makes it possible to resegment EGPRS packets. A packet sent with a higher coding scheme (less error correction) that is not properly received, can be retransmitted with a lower coding scheme (more error correction) if the new radio environment requires it. This resegmenting (retransmitting with another coding scheme) requires changes in the payload sizesof the radio blocks,
which is why EGPRS and GPRS do not have the same performance for the GMSKmodulated coding schemes. Resegmentation is not

possible with GPRS.
3.4. COMPUTING PLATFORMS

The platforms where EDGE could work is any mobile device that you wish to use. The option are numerous in what kind of device to be used:

· Pda’s

· Laptops/notebook computers

· Phones

The options will be as similar to what we use in GPRS but EDGE provide greater speed and other advantages.

Not all devices that support GPRS will support EDGE, but over a period of time the devices will be EDGE  driven.

On use of EDGE there will be no. of features that get associated with the platforms that use it:

· Speed

· Connectivity

· Accessibility

4. EDGE VS GPRS

Regarded as a subsystem within the GSM standard, GPRS has introduced packet-switched data into GSM networks. Many new protocols and new nodes have been introduced to make this possible.

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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EDGE leverages the knowledge gained through use of the existing GPRstandard to deliver significant technical improvements.
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5. EDGE DATA OPTIONS FOR DIFFERENT PLATFORMS

6. PACKET HANDLING

Another improvement that has been made to the EGPRS standard is the ability to retransmit a packet that has not been decoded properly with a more robust coding scheme. For GPRS, resegmentation is not possible. Once packets have been sent, they must be retransmitted using the original coding scheme even if the radio environment has changed. This has a significant impact on the throughput, as the algorithm decides the level of confidence with which the link

adaptation (LA) must work.
A. The GPRS terminal receives data from the network on the downlink. Due to a GPRS measurement report that was previously received, the link adaptation algorithm in the base station controller

decides to send the next radio blocks (e.g., numbers 1 to 4) with CS3. During the transmission of these packages, the carrier-to-interference ratio (C/I) decreases dramatically, changing the radio environment. After the packets have been transmitted, the network polls for a new

measurement report, including the acknowledged/unacknowledged bitmap that tells the network which radio blocks were received

correctly.
B. The GPRS handset replies with a packet downlink acknowledged/unacknowledged message containing the information about the link quality and the bitmap. In this scenario, it is assumed that packets 2 and 3 were sent erroneously.

C. Based on the new link quality information, the GPRS link adaptation algorithm will adapt the coding scheme to the new radio environment using CS1 for the new packets 5 and 6. However,because GPRS cannot resegment the old packets, packets 2 and 3 must be retransmitted using CS3,

although there is a significant risk that these packets still may not be decoded correctly.
As a result, the link adaptation for GPRS requires careful selection of the coding scheme in order to avoid retransmissions as much as possible. With EGPRS, resegmentation is possible. Packets sent with

little error protection can be retransmitted with more error protection, if required by the new radio environment. The rapidly changing radio

environment has a much smaller effect on the problem of choosing the wrong coding scheme for the next sequence of radio blocks because resegmentation is possible.
6.1 ADDRESSING WINDOW

Before a sequence of coded radio link control packets or radio blocks can be transmitted over the Um (radio) interface, the transmitter must address the packets with an identification number. This information is then included in the header of every packet. The packets in GPRS are numbered from 1 to 128.After transmission of a sequence of packets (e.g., 10 packets), the transmitter asks the receiver to verify the correctness of the packets received in the form of an

acknowledged/unacknowledged report. This report informs the transmitter which packet or packets were not successfully decoded and must be retransmitted.

Since the number of packets is limited to 128 and The addressing window is 64, the packet sending process can run out of addresses after 64 packets. If an erroneously decoded packet must be retransmitted, it may have the same number as a new packet in the

queue. If so, the protocol between the terminal and thenetwork stalls, and all the packets belonging to the same low-layer capability frame must be retransmitted. In EGPRS, the addressing numbers have been increased to 2048 and the window has been increasedto 1024 in order to minimize the risk for stalling. This, in turn, minimizes the risk for retransmitting low-layer capability frames and prevents decreased throughput.
6.2 MEASUREMENT ACCURACY

As in the GSM environment, GPRS measures the radio environment by analyzing the channel for carrier strength, bit error rate, etc. Performing these measurements takes time for a mobile station, which is of no concern in the speech world as the same coding

is used all the time. In a packet-switched environment, it is essential to analyze the radio link quickly in order to adapt the

coding toward the new environment. The channel analysis procedure that is used for GPRS makes the selection of the right coding scheme difficult since measurements for interference are performed onlyduring idle bursts. As a result, measurements can only beperformed twice during a 240-millisecond period. For EGPRS, the standard does not rely on the same “slow” measurement mechanism. Measurements are taken on each and every burst within the equalizer of the terminal, resulting in an estimate of the bit error

probability (BEP). Estimated for every burst, the BEP is a reflection of

the current C/I, the time dispersion of the signal and the velocity of the terminal. The variation of the BEP value over several bursts will also provide additional information regarding velocity and frequency hopping.A very accurate estimation of the BEP is then possible

to achieve.
6.3 INTERLEAVING

To increase the performance of the higher coding schemes in EGPRS (MCS7 to MCS9) even at low C/I, the interleaving procedure has been changed within the EGPRS standard. When frequency hopping is used, the radio environment is changing on a per-burst level. Because a radio block is interleaved and transmitted over four

bursts for GPRS, each burst may experience a completely different interference environment. If just one of the four bursts is not properly received, the entire radio block will not be properly decoded and will

have to be retransmitted. In the case of CS4 for GPRS,hardly any error protection is used at all. With EGPRS, the standard handles the higher coding scheme differently than GPRS to combat thisproblem. MCS7, MCS8 and MCS9 actually transmit two radio blocks over the four bursts, and the interleaving occurs over two bursts instead of four.This reduces the number of bursts that must be retransmitted should errors occur. The likelihood of receiving two consecutive errorfree bursts is higher than receiving four consecutive errorfree

bursts. This means that the higher coding schemes forEDGE have a better robustness with regard to frequencyhopping.
6.4 LINK ADAPTATION

Link adaptation uses the radio link quality, measured either by the mobile station in a downlink transfer or by the base station in an uplink transfer, to select the most appropriate modulation coding scheme for transmission of the next sequence of packets. For an uplink packet transfer, the network Informs the mobile station which coding scheme to use for transmission of the next sequence of packets. The modulation coding scheme can be changed foreach radio block (four bursts), but a change is usually initiated by new quality estimates. The practical adaptation rate is therefore decided by the measurement interval. There are three families: A, B and C. Within each family, there is a relationship between the payload sizes, which makes resegmentation for retransmissions possible.
6.5 INCREMENTAL REDUNDANCY

Incremental redundancy initially uses a coding scheme, such as MCS9, with very little error protectionand without consideration for the actual radio link quality. When information is received incorrectly,additional coding is transmitted and then soft combined in the receiver with the previously received information. Soft-combining increases the probability of decoding the information. This procedure will be repeated until the information is successfully decoded.

This means that information about the radio link is not necessary to support incremental redundancy. For the mobile stations, incremental redundancy support is mandatory in the standard.
6. EDGE BENEFITS

Short term benefits

Capacity and Performance - EDGE triples the capacity of GPRS. This capacity boost improves the performance of existing applications and enables new services such as multimedia services. It also enables each transceiver to carry more voice and/or data traffic.

Mid term benefits

Complementary Technology - EDGE and WCDMA are complementary technologies that together will sustain an operator’s need for third generation network coverage and capacity nationwide.
Long term benefits

Harmonization with WCDMA - EDGE can be seen as a foundation toward one seamless GSM and WCDMA network with a combined core network and different access methods that are transparent to the end user.

8. CONCLUSION

With the introduction of EDGE in GSM phase 2+, existing 

services such as GPRS and high-speed circuit switched data 

(HSCSD) are enhanced by offering a new physical layer. The 

services themselves are not modified. EDGE is introduced 

within existing specifications and descriptions rather than by creating new ones.

GPRS allows data rates of 115 kbps and, theoretically, of up 

to 160kbps on the physical layer. EGPRS is capable of 

offering data rates of 384 kbps and, theoretically, of up to 

473.6 kbps. A new modulation technique and error-tolerant 

transmission methods, combined with improved link 

adaptation mechanisms, make these EGPRS rates possible.
The differences between the radio and user data rates are the result of whether or not the packet headers are taken into consideration. These different ways of calculating throughput often cause misunderstanding within the industry about 

Actual throughput of GPRS AND EDGE.
EDGE provides faster access of ip packets and help in faster working of  GPRS. Which enables rapid connectivity and accessibility
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