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EDGE: Signalling for EGPRS

1	Introduction

The scope of this document is to point out changes needed to signalling for GPRS to make it possible to establish a TBF using EGPRS capabilities, i.e. the RLC protocol is not considered.

The changes affect GSM specifications 04.08 and 04.60.

2	Impacts of RR sublayer when introducing EDGE

In this section we will try to bring up the modifications to the current GPRS standard that has to be done in order to include EGPRS functionality.

The signalling that we are focusing on in this section is the signalling related to uplink TBF establishment, and also, we foresee minor additional changes to system information messages. 

2.1	SYSTEM INFORMATION

It is important for the MS to know if EGPRS is supported or not when establishing an uplink TBF, since it is desirable to be able to use specific cause codes in the Packet Channel Request message (see �ref _Ref445693325 \r \h ��Establishment of an uplink TBF�). When an MS enters a cell, it always first reads the SYSTEM INFORMATION 13 (SI 13) message on BCCH. If PBCCH exists in the cell it will switch to PBCCH and read amongst others PACKET SYSTEM INFORMATION 1 (PSI 1), see �ref _Ref443369845 \h ��Figure 1�. PSI 1 includes an information element referred to as GPRS Cell Options IE and here it is possible to add extra information on EGPRS capability in the cell. 
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Figure �seq Figure \* Arabic �1�. System Information transmission. Fields that probably need to be updated due to EGPRS are marked with bold.



If PBCCH is not present, GPRS Cell Options IE is present in SI 13. Hence, regardless of PBCCH is present or not, EGPRS capability could be informed by changing one information element. For a downlink TBF it is not as important to know if EGPRS is supported or not because the NW already knows (from earlier MM registration process, see chapter 3) if the MS supports EGPRS or not. The establishment of TBFs is discussed in the following sections.

PSI1 and SI13 has been evaluated to see if there is any problem to introduce the information of the network EDGE capability into these messages. In PSI1 there is less than 17 octets defined today which means that there is space left for this new information. In SI13 the space left depends on the length of the Mobile allocation IE if present. There is no max length defined for this IE, so the information contained is either shorter than maximum allowed or will fill the message up completely. The introduction of the EDGE capability into this message will lower the maximum allowed information contained in the Mobile Allocation IE.

2.2	Establishment of an uplink TBF

An UL TFB could be established either using PBCCH or BCCH. These cases are described in the following subsections.

2.2.1	PBCCH/PCCCH available

The message sequence chart (MSC) for an establishment of an uplink TBF, using PBCCH/PCCCH is shown in �ref _Ref443373140 \h ��Figure 2�.
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Figure �seq Figure \* Arabic �2�. Establishment of UL TBF using ‘two phase access’. Fields that probably need to be updated due to EGPRS are marked with bold.

�PACKET CHANNEL REQUEST

There are mainly three different values in the PACKET CHANNEL REQUEST message that can be used for UL TBF establishment. The random access burst contains either 11 or 8 bits. The type of burst used in the cell is broadcast by the network. The PACKET CHANNEL REQUEST message is shown in �ref _Ref443471872 \h ��Table 1� (11 bits message) and �ref _Ref445693386 \h ��Table 2� (8 bits message). 

bits���11 …             ...1�Packet Channel Access��0 m m m m m p p r r r�One Phase Access Request.��1 0 0 n n n p p r r r�Short Access Request��1 0 1 n n n p p r r r�Short Access Request, EGPRS mode.��1 1 0 0 0 0 p p r r r�Two Phase Access Request��1 1 0 0 0 1 r r r r r�Page Response��1 1 0 0 1 0 r r r r r�Cell Update��1 1 0 0 1 1 r r r r r�Mobility Management procedure��1 1 0 1 0 0 r r r r r�Single block without TBF establishment��1 1 0 1 0 1 p p r r r�EGPRS OPAR me=x1��1 1 0 1 1 0 p p r r r�EGPRS OPAR me=x2��1 1 0 1 1 1 p p r r r�EGPRS OPAR me=x3��1 1 1 0 0 0 p p r r r�EGPRS OPAR me=x4��1 1 1 0 0 1 p p r r r�EGPRS OPAR me=x5��1 1 1 0 1 0 p p r r r�EGPRS OPAR me=x6��1 1 1 0 1 1 p p r r r�EGPRS OPAR me=x7��1 1 1 1 0 0 p p r r r�EGPRS OPAR me=x8��1 1 1 1 0 1 p p r r r�EGPRS OPAR me=x9��1 1 1 1 1 0 p p r r r�EGPRS OPAR me=x10��1 1 1 1 1 1 p p r r r�EGPRS OPAR me=x11�����Table �seq Table \* Arabic �1�. PACKET CHANNEL REQUEST 11 bit message content. The shaded fields are  additions for EGPRS.



bits���8 …        ...1�Packet Channel Access��1 m m m m m r r�One Phase Access Request��0 0 n n n r r r�Short Access Request��0 1 0 0 0 r r r�Two Phase Access Request��0 1 1 0 1 r r r�Two Phase Access Request, EGPRS mode��0 1 0 0 1 r r r�Page Response��0 1 0 1 0 r r r�Cell Update��0 1 0 1 1 r r r�Mobility Management procedure��0 1 1 0 0 r r r� Single block without TBF establishment��All others�Reserved��Table �seq Table \* Arabic �2�. PACKET CHANNEL REQUEST 8 bit message content. The shaded field is an addition for EGPRS mode.

In the two tables above m, p, r and n stand for respectively:

m: 	Multislot Class

me:       Uplink Multislot class specific for EDGE one phase access 

p: 	Radio Priority

r: 	Random Reference

n: 	Number of blocks



The different access types that could be interesting to use when establishing an EGPRS connection are:

One Phase Access Request (OPAR)

The OPAR case is the most important case to include a parameter indicating EGPRS capability in the PACKET CHANNEL REQUEST message. This is the fastest and most effective way of TBF establishment and it would suite the EGPRS mode nicely. But since the OPAR parameter includes 5 bits of ‘multislot class’ is seems to be quite hard to include an ‘OPAR EGPRS mode’. It is probably impossible to include when using an access burst of 8 bits. In the 11 bit case however, which could be used when EGPRS is supported, an EGPRS OPAR could be signalled using previously reserved fields, see �ref _Ref443471872 \h ��Table 1�. Using all the reserved values to indicate a certain multislot class, gives 11 available values on “me” to cover different uplink capabilities for EDGE  in an uplink access.

Notice that setting up a TBF in EGPRS mode by no means implies that it immediately uses 8PSK. The network can order the MS to use any MCS, including the GMSK based ones.

Short Access Request (SAR)

This one is used when a small number of RLC blocks (<= 8) need to be transmitted. There is room to include a ‘SAR EGPRS mode’. It could be considered not to have SAR for EGPRS, but to use standard GPRS SAR instead.

Two Phase Access Request (TPAR)

It is possible to add a ‘TPAR EGPRS mode’. But it is not really necessary because EGPRS mode could instead be requested in the PACKET RESOURCE REQUEST (follows later in the signalling sequence) message. Adding an extra field in the MS Radio Access Capability IE indicating the mobile stations EGPRS class is sufficient. The EGPRS class could e.g. indicate support for modulation type and power class.

PACKET RESOURCE REQUEST

As mentioned, MS Radio Access Capability IE could be modified to indicate the mobile stations EGPRS class.

PACKET UPLINK ASSIGNMENT

Another information field that has to be modified is the Channel Coding Command (in PACKET UPLINK ASSIGNMENT message). In EGPRS mode 8 different modulation and coding schemes are defined and therefore we need 3 bits instead of 2. In addition to the extended Channel Coding Command (CCC), an extra 'retransmission resegment' field (1 bit) should be sent along with this command. This field tells the MS whether it should resegment retransmissions to an MCS close to the one indicated in the CCC (e.g. used in LA mode or when memory shortage in BS in IR mode), or stick to the initially used MCS (used in IR mode when memory is available). When resegmentation is ordered, the MCS for retransmissions should be as close to the one ordered for fresh transmissions as possible.

2.2.2	PBCCH/PCCCH not available

The MSC for establishment of an uplink TBF, using BCCH/CCCH, is shown in �ref _Ref444587316 \h ��Figure 3�. 

This case is not as flexible as when using PBCCH/PCCCH. The CHANNEL REQUEST message is probably not possible to modify further since it contains only 8 bits, and those eight bits are already reserved for GSM, GPRS etc. Hence, EGPRS mode could be requested in the PACKET RESOURCE REQUEST message, similar to the case of using a two-phase access (described in sec. �ref _Ref443468423 \r \h ��PBCCH/PCCCH�). The modification of the PACKET RESOURCE REQUEST message is covered in sec. �ref _Ref443468423 \r \h ��PBCCH/PCCCH�.
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Figure �seq Figure \* Arabic �3�. Establishment of an uplink TBF using BCCH/CCCH.



2.3	Establishment of a downlink TBF

In the case of setting up a downlink TFB, we do not foresee any major changes in any RR signalling messages. This is because the NW has all the information about the MS, i.e. EGPRS capable or not. EGPRS will require a modified/extended link quality measurement report in the PACKET DOWNLINK ACK/NACK message. In addition to the extended measurement report, an extra 'LA/IR' field (1 bit) should be sent along with this report. This field tells the BS whether it should select MCSs based on LA operation (e.g. used in LA mode or when memory shortage in MS in IR mode), or based on IR operation (used in IR mode when memory is available).

2.4	Summary of modifications due to EDGE introduction

In this paper we have mainly focused on the modifications that have to be done in order to establish TBFs, both in uplink and downlink. Certainly, there are more modifications to be made and for example we have not discussed:

PACKET DOWNLINK ACK/NACK message

-The Channel Quality Report field probably needs to be reviewed in order to support the LA algorithm in EGPRS with extended measurements.

PACKET UPLINK ACK/NACK message

Error cases

-All new error cases when EGPRS capability is introduced must be taken care of.

Power control

The identified messages that need to be modified to support EGPRS mode are summarised in �ref _Ref443471849 \h ��Table 3�.

Message�Field/IE modification��PACKET SYSTEM INFORMATION 1

SYSTEM INFORMATION 13�EGPRS cap. introduced in GPRS Cell Options IE.��PACKET CHANNEL REQUEST�‘SAR EGPRS mode’ parameter added. ‘OPAR EGPRS mode’ possible?��PACKET UPLINK ASSIGNMENT�Channel Coding Command represented by 3 bits.��PACKET RESOURCE REQUEST�EGPRS cap. introduced in MS Radio Access Capability field IE��Table �seq Table \* Arabic �3�. Summary of messages affected by EGPRS introduction

3	Impacts of MM sublayer when introducing EDGE

A deeper analysis of the Mobility Management sublayer protocol is needed.

So far a change in the Attach procedure and the Routing Area Updating procedure is foreseen to update the Classmark information element and MS Radio Capability information element with new information of EGPRS capabilities.

4	Impacts of SM sublayer when introducing EDGE

An analysis of the Session Management sublayer protocol is needed.
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