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1. Introduction

This paper considers the issues involved with handling mobiles with multiple simultaneous TBFs in GERAN for Rel5 on the Iu interface.  Support on the Gb interface is FFS.  In the GERAN Overall Description - Stage 2 [1] multiple TBFs for each mobile are allowed with one or more TBFs per allocated USF in the uplink.  

The addition of multiple TBF support to the GERAN opens up several issues, some more complex than others.  This document aims to identify some of these issues and explore possible solutions.  There are several open issues remaining that are identified in the conclusions section.  It is hoped that this paper will open a discussion on how best to support this feature in GERAN Rel5.  

It is assumed that one Radio Bearer is mapped to exactly one TBF and that RLC instances may live longer than a TBF, in line with the working assumptions in [1].  

2. Mobile Capability

It is important that the network knows the mobile’s capability for handling multiple TBFs in order (for example) for it to know how many downlink TBFs that it can attempt to set-up for a particular mobile.  

One option is to make it mandatory for mobiles that support multiple TBFs to support a particular number.  However, this seems to be needlessly inflexible and constrain handset manufacturers who may wish to offer different models with different capabilities.  

It is therefore proposed to include the maximum number of uplink and downlink TBFs that the mobile supports in the MS Radio Access Capability IE.  

3. Set-up and Release of TBFs

3.1. TBF Set-up

3.1.1. Normal TBF Set-up

Normal TBF set-up is achieved in the same manner as it is currently.  After establishing the first TBF via PRACH/RACH procedures, further TBF set-up from a mobile should normally be carried out using PACCH.  No changes are foreseen to this process except the possibility to set-up multiple TBFs in one transaction as discussed in section 3.1.2.  

3.1.2. TBF Set-up after Cell reselection

After cell reselection the mobile will most probably wish to re-establish all of the TBFs that it had in the old cell.  This could be achieved by setting up TBFs in sequence or by introducing new messages (or at least enhancing existing messages) and procedures to allow multiple TBF set-up in one transaction.  This should apply both for uplink TBFs and downlink TBFs.  

Either all TBFs can be set-up in a combined message or a sequential set-up procedure should be adopted (at a delay and radio signalling expense).  Adopting the sequential approach may introduce a burst of signalling interactions between the mobile and the network increasing delay during the period after cell reselection.  
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Figure 1
Multiple TBF set-up after Cell reselection

Multiple TBF set-up after cell reselection could be achieved by a mechanism similar to the one shown in Figure 1.  This assumes that the RLC instances live longer than an individual TBF.  In fact it assumes that the RLC instances should live as long as the bearer exists in the physical entity.  This will approach support the new GERAN feature “ciphering in RLC” avoiding the re-negotiation of the security keys at each TBF establishment.  

The MS first aborts operation in the old cell (cell #1 attached to BSS #1) and attempts to make an access in the new cell.  The new BSS (BSS #2) detects the arrival of the mobile in the new cell via the Cell Update message or via contention resolution, which triggers the RLC Context to be moved.  

The MS can access the new cell and could request set-up of all previous uplink and downlink TBFs via a special message that contains a mobile specific identifier (e.g. the combination of the cell#1 BSIC and G-RNTI - FFS).  The new BSS can then respond by allocating resources (PDCHs, timeslots and TFIs) for each of the Radio Bearers (UL and DL) in the RLC context.  

In order to facilitate such a procedure it is suggested that an extension to the Channel Request Description IE be made.  When such an extended IE is included in the PACKET RESOURCE REQUEST it should be able to allow for a request of resources related to multiple TBFs and RBs using for instance the old BSIC and G-RNTI as a mobile identifier.  

3.2. TBF Release

It may be useful to include a function to release all TBFs related to the mobile in one command.  This could be achieved by extending the PACKET TBF RELEASE message with a release-all field and/or the possibility to specify a list of TBFs.  

It could also be possible to have a main TBF with a longer delay (in the delayed release case) which is the last to be released.  This TBF would in effect keep FACCH-shared open for the longest time.  Such a TBF, the “main TBF”, could be defined as the last TBF still active for an individual mobile.  This concept requires further study but may be beneficial in reducing the TFI depletion problem.  

3.3. FACCH-Shared

It has been proposed that the signalling channel to be used for RRC messages on a SPSCH should be the FACCH-shared.  This channel can be delineated, as proposed in [3], by using the combination ‘11’ in the payload type field.  

It is proposed here that whenever there is one or more UL TBFs in existence there is an uplink FACCH-shared.  Further more it is proposed that whilst the MS is RRC connected there is an RLC instance for each of the SRBs supported.  This means that RLC instances for SRBs should live for the duration of the RRC connection.  This is of benefit to the radio interface in order to support the integrity protection without re-negotiation of the integrity protection key at each TBF establishment.  

An UL or DL TBF can support zero or one user RBs plus up to 4 SRBs by redefining some of the RLC/MAC header fields as suggested in [4] for the reduced RBid.  In the uplink the “PI” and “spare” bits can be used and in the downlink the two “RRBP” bits can be used to indicate which of the four possible SRBs is being conveyed in a FACCH-shared block indicated by payload type = “11”.  

This definition of FACCH-shared is therefore different to PACCH in that it is related to an MS and carried over a TBF (any TBF allocated to the MS in question).  PACCH is related to a PDTCH and can carry both individual mobile related messages and distribution messages.  

If a message needs to be carried over a SRB and no TBF exists in the appropriate direction, a TBF will have to be established.  However, if a TBF exists for a user data RB, there is no need to establish a new TBF.  This solution therefore minimises the number of TBFs (TFIs) required to carry SRBs on a SPSCH.  

4. TBF Scheduling

It is possible to allocate one USF to an uplink TBF, one USF to a mobile (for all uplink TBFs) or somewhere in between.  If one USF is allocated per mobile, the MS is responsible for multiplexing TBFs but the severe shortage of USFs would dictate that we should adopt the one USF per mobile (per PDCH) approach.  However, both options should be allowed in the standard.  

When using one USF to schedule multiple TBFs, the network must track the number of active TBFs for each USF and when the last uplink TBF is released the USF can be released.  Thus some changes to behaviour in 04.60 (e.g. on expiry of timer T3169) are required as the release of TFI and USF are currently coupled.  

In the downlink the network is responsible for scheduling all TBFs including those destined for the same mobile.  

5. TFI Management

Although it would be useful to allow mobiles to have many TBFs established, a lack of any restriction would lead to a TFI depletion problem.  It would seem unfair to refuse access to a mobile requesting one TBF because several other mobiles have multiple TBFs.  

Mobiles may have different capabilities associated with them such as the maximum number of TBFs allowed.  The network can then ensure that mobiles can not be allocated more TBFs than allowed.  

The network should be free to apply its own admission policy.  It should therefore be able to queue TBF establishment requests, reject them or accept them after terminating an existing (perhaps lower priority) TBF based on total load and/or individual mobile allocations.  The exact policy should be manufacturer/operator dependent.  

The network may wish to give priority based on service type (e.g. conversational bearers) and terminate some best-effort RBs (TBFs).  This procedure should be allowed in order to provide operator defined service differentiation.  

6. PACCH Handling

Currently (E)GPRS procedures only allow one TBF per direction (one uplink and one downlink) to be associated with a MS at any one time.  The PACCH signalling channel is bound to both the PDCH and the MS (as multi-slot classes generally dictate a single PDCH for PACCH). Therefore it is valid to use it for MS related, TBF related and PDCH related signalling.  However, this can lead to some confusion with identifiers being used for different purposes and may lead to the need to change some message types when considering multiple TBF support.  

Two important changes are suggested to PACCH signalling in order to better support multiple TBFs for a single mobile:

· PACCH messages that refer to TBFs should ideally be extended to cater for the cases where multiple TBFs can be referred to in one message.  

· The use of Global TFI to uniquely identify a mobile is still valid but may not always hold true for uniquely identifying a TBF.  

Some messages that can be considered for change/upgrade are described in the sub-sections below.  This is not an exhaustive list, but is there to indicate the type of changes that might be considered.  

6.1. PACKET TBF RELEASE

The PACKET TBF RELEASE message is currently defined 04.60 by identifying the mobile with the Global TFI (either an uplink or a downlink TFI belonging to the mobile).  There are then fields available to indicate release of the downlink TBF and the uplink TBF with release of both being possible.  

This mechanism does not work for multiple TBFs as identifying one uplink TBF associated with the mobile will identify the mobile but not the TBF to which the message is related.  Also identifying one (uplink or downlink TBF) does not specifically identify the downlink TBF to be released.  

If only one TBF is to be released at a time, the Global TFI can be used to identify the specific direction and TFI of the TBF to be released.  This represents a change in the use of Global TFI.  

To better support multiple TBFs it is proposed that a list of TBFs (up to a maximum number) be introduced including direction and TFI.  

6.2. PACKET TIMESLOT RECONFIGURE

In this message a Global TFI again identifies the mobile, but the existing message only provides the new downlink TFI and/or uplink TFI values.  In a multiple simultaneous TBF situation it is unclear as to which of the existing downlink or uplink TFIs that the downlink or uplink TFI corresponds to or whether it is a new TBF allocation.  

This message would need to be changed to specifically refer to the TBF(s) being addressed and their new TFI and resource assignments.  

6.3. PACKET MOBILE TBF STATUS

This message currently identifies an error situation detected by the mobile.  The mobile in question is identified via the Global TFI, however it would be useful to also specify the TBF (if applicable) to which the erroneously received message relates.  It would therefore be sensible to redefine Global TFI to refer explicitly to the TFI in question.  

7. Multi-slot Issues

The suggestions provided in [2] as to the handling of PACCH in multi-slot multiple TBFs seems like a good idea to support multi-slot mobiles and should be adopted.  In effect it de-couples the PACCH channel from the PDCH.  

8. Conclusions

The following paragraphs summarise the recommendations and the open issues discussed in the paper.  It is hoped that this will help in moving the discussion forward.  

The maximum number of uplink and downlink TBFs that the mobile supports should be included in the MS Radio Access Capability IE.  

FACCH-shared should be supported via the payload type = “11” and should exist whilst there is one or more active TBFs.  FACCH-shared can automatically carry four pre-defined SRBs by re-use of some of the MAC/RLC header bits and can be carried over an existing TBF if one exists.  These two concepts will minimise the number of TBFs required to support SRBs.  

Allocating a USF to one or more UL TBFs should be permitted which means that network procedures should be changed to de-couple the release of TFIs and USF values.  

The network should be allowed to give priority based on service type (e.g. conversational bearers) and terminate some best-effort RBs (TBFs).  This procedure should be permitted in order to provide operator defined service differentiation.  

Some PACCH messages need to be altered in order to correctly identify the TBF to which they apply as the Global TFI only identifies the mobile.  Global TFI should be mandated to refer to the specific TBF being addressed rather than just identifying the mobile station.  

To better support multiple TBFs it is proposed that a list of TBFs (up to a maximum number) is introduced into several PACCH messages.  

Open issues:

· Should we allow the set-up multiple TBFs in one signalling transaction?

· Should we support relocation of RLC context after cell reselection? If so how?

· Should the network be allowed to release some existing TBFs to allow new (higher priority) TBFs to be established?
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