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Multiple TBF Procedures for A/Gb Mode

1 Introduction

New procedures must be developed to allow an MS operating in A/Gb mode to support multiple TBFs. Support of multiple TBFs in A/Gb mode requires that both the BSS and MS support these new procedures.

2 Detailed Requirements for Multiple TBF Operation

The following detailed requirements have been identified for multiple TBF operation associated with A/Gb mode:

1.1 The ability to manage multiple TBFs shall be accomplished by modifying existing TBF procedures and expanding the capabilities of RLC/MAC control messages (i.e. by modifying existing messages and/or defining new messages as necessary).

· A new RR-like protocol entity used to support control plane signaling necessary for multiple TBF operation may be required if the existing RLC/MAC control message limitations (two blocks for downlink messages, one block for uplink messages) prove to be too limiting (FFS).

1.2 The BSS shall be responsible for making all resource allocation and re-allocation decisions when uplink or downlink TBFs are established.

1.3 Establishment of an initial uplink TBF shall be accomplished using existing contention based access procedures on the PCCCH (i.e. when an MS has no TBFs) or using new TBF handover procedures. 

· For the case where an initial uplink TBF is established using contention based access procedures, an MS shall not request the allocation of additional uplink TBFs until contention resolution is complete.

· Once an initial uplink TBF has been established, new procedures shall be used to support the establishment of additional TBFs (uplink or downlink) where each additional TBF is established one at a time. It is FFS if multiple additional TBFs can be established simultaneously after an initial uplink TBF has been established.

1.4 Establishment of an initial dowlink TBF when an MS has no TBFs shall be accomplished using  legacy procedures for determining MS location down to a cell level. Once the MS location has been determined the BSS may proceed as follows:

· Allocate a single initial downlink TBF using legacy procedures.

· New procedures shall be used to allocate additional TBFs (uplink or downlink) one at a time after an initial downlink TBF has been established. It is FFS if multiple additional TBFs can be established simultaneously after an initial downlink TBF has been established.

1.5 The BSS may decide that resource re-allocation is necessary at any point in time (i.e. independent of whether or not an additional TBF is to be established).

· Existing procedures shall be used to perform resource re-allocation when a mobile station has been allocated one uplink TBF, one downlink TBF or one uplink and one downlink TBF.

· New procedures shall be introduced to perform resource re-allocation when a mobile station has been allocated multiple uplink TBFs, multiple downlink TBFs or any combination of multiple uplink TBFs and multiple downlink TBFs.

1.6 If an MS has been allocated one or more downlink TBFs, each of these TBFs has a corresponding TFI that is unique over all the timeslots that are allocated to that TBF.

1.7 If an MS has been allocated one or more uplink TBFs, each of these TBFs has a corresponding TFI that is unique over all the timeslots that are allocated to that TBF. However, any given uplink TBF shall have a unique USF for each timeslot the TBF has been allocated to.

1.8 A TBF allocated multiple timeslots shall use the same channel coding scheme on each timeslot associated with that TBF. Different channel coding schemes may be used for different TBFs for the case where an MS has been allocated multiple TBFs. 

1.9 One TBF shall be limited to carrying information for one PFC (this includes PFCs that support signaling or user data). This requirement is based on recognizing the limited practical value of allowing PFCs that are realized using different LLC engines:

· Each PFC has an associated QoS that requires the use of a specific LLC SAP (i.e. a dedicated LLC engine is used).

· Multiplexing decisions made at the MAC layer take into account the relative priorities of RLC data blocks received on MAC SAPs (i.e. each MAC SAP is associated with a specific RLC engine).

· A PFC QoS that require the use of a specific LLC SAP would very likely require the use of a dedicated RLC engine (and therefore a dedicated TBF) to ensure that its QoS requirements can be satisfied at the MAC layer.

1.10 When allocating or re-allocating resources for one or more downlink TBFs the following information shall be conveyed:

· The BSS shall indicate the TFI and timeslot(s) associated with each TBF.

· The BSS shall indicate the RLC mode for each TBF.

1.11 When allocating or re-allocating resources for one or more uplink TBFs the following information shall be conveyed:

· A mobile station shall provide the BSS with an indication of the PFI associated with each requested uplink TBF.

· The BSS shall provide the following information for each TBF request it accepts:

· An indication of the TFI allocated to the TBF and the timeslots for which it is valid.

· An indication of the USF associated with each timeslot allocated to the TBF (TFI).

· An indication of the USF granularity to be used for the TBF.

· An indication of the power control parameters applicable to each allocated timeslot (if applicable).

1.12 When sending an RLC/MAC control message, the PACCH selected shall be on the same PDTCH as at least one of the TBFs being addressed by the RLC/MAC control message.

3 Procedures for Multiple TBF Operation

3.1 Initial Uplink TBF Establishment in Packet Idle Mode

The procedure for establishing an initial uplink TBF establishment provided here is limited to the case where a mobile station is in packet idle mode (i.e. the case where the MS requests an uplink TBF by making a contention access on the PRACH). A mobile station is not permitted to request additional uplink TBFs and the BSS is not permitted to establish any downlink TBFs until the contention resolution procedure used for establishing the initial uplink TBF is complete. 

When an MS in packet idle mode it shall attempt to establish an initial uplink TBF by first sending a PACKET CHANNEL REQUEST (PCR) message or an EGPRS PACKET CHANNEL REQUEST message on the PRACH indicating either one-phase or two-phase access as the establishment cause.  The BSS responds by sending it a PUA message on the PAGCH. The mobile station then proceeds as follows:

· For a two-phase access the MS shall send a PACKET RESOURCE REQUEST (PRR) on its assigned uplink block. 

· In this case the MS identifies itself (using a random or assigned TLLI) and shall indicate the PFI associated with its uplink TBF within the PRR message. 

· Upon receiving a PRR message the BSS allocates resources for a single uplink TBF by sending the MS a second PUA message containing a TFI and timeslot allocation, the MS identity received in the PRR message and a USF associated with the allocated TFI-timeslot pair.

· For a one-phase access the MS shall start sending RLC/MAC data blocks using uplink blocks allocated to its assigned USF value. In this case the MS identifies itself (using a random or assigned TLLI) and shall indicate the PFI associated with its uplink TBF in each RLC/MAC data block it sends until contention resolution is complete.

· When contention resolution is complete in the BSS it may perform resource re-allocation by sending the target MS a second PUA message containing a TFI and timeslot allocation for the TBF and a USF associated with each timeslot allocated to the TBF.

3.2 Incremental Uplink TBF Establishment in Packet Transfer Mode

When a mobile station is in packet transfer mode where one or more TBFs are currently established and contention resolution is not in progress, it may establish additional uplink TBFs on an incremental basis (i.e. only one TBF shall be requested in an RLC/MAC control message).

If one or more uplink TBFs are currently allocated, the MS shall send a modified PRR message using the PACCH of an existing uplink TBF. In this case the MS identifies itself using the TFI associated with the PACCH it selects for PRR message transmission and indicates the PFI associated with the additional TBF it wants to establish. 

If only downlink TBFs are currently allocated, the MS shall include the PFI for the new uplink TBF within a Packet Downlink Ack/Nack (PDA/N) message sent to the BSS in association with a downlink TBF. 

· Upon receiving a request for establishing an uplink TBF when a single downlink TBF that does not require resource re-allocation is currently allocated, the BSS shall respond by sending the MS an PUA message containing the following:

· The identity of the target MS.

· A TFI and timeslot allocation for the new uplink TBF.

· A USF associated with each timeslot allocated to the new uplink TBF.

· Upon receiving a request for establishing an uplink TBF when a single downlink TBF that requires resource re-allocation is currently allocated, the BSS shall respond by sending the MS an PTR message containing the following:

· The identity of the target MS.

· A TFI and timeslot allocation for the new uplink TBF.

· A TFI and timeslot allocation for the downlink TBF.

· A USF associated with each timeslot allocated to the new uplink TBF.

· Upon receiving a request for establishing an uplink TBF when two or more TBFs are currently allocated the BSS shall respond by sending the MS an MTRA (Multiple TBF Resource Allocation) message or a modified PUA message (FFS).

3.3 Initial Downlink TBF Establishment in Packet Idle Mode

The procedure for establishing an initial downlink TBF establishment provided here is limited to the case where a mobile station is in packet idle mode. 

When an MS is in packet idle mode the Network shall perform paging (if required) to locate the MS. Once the MS location has been determined (i.e. the specific serving cell for that MS has been identified) the BSS shall establish a downlink TBF as follows:

· A PDA message is sent to the target MS on the PCCCH.

· The PDA shall contain the following:

· The identity of the target MS.

· The TFI allocated to the TBF and the timeslot(s) over which the TFI applies.

3.4 Incremental Downlink TBF Establishment in Packet Transfer Mode

When a mobile station is in packet transfer mode where one or more TBFs are currently established, the BSS may establish additional downlink TBFs on an incremental basis (i.e. only one TBF is identified in an RLC/MAC control message) as follows:

· If a single uplink TBF not requiring resource re-allocation is currently allocated, the BSS shall send a PDA message on the PACCH containing the following:

· The identity of the target MS.

· The TFI allocated to the new downlink TBF and the timeslot(s) over which the TFI applies.

· If a single uplink TBF requiring resource re-allocation is currently allocated, the BSS shall send a PTR message on the PACCH containing the following:

· The identity of the target MS.

· A TFI and timeslot allocation for the new downlink TBF and all currently established uplink and downlink TBFs requiring re-allocation.

· A USF associated with each timeslot allocated for each uplink TBF requiring re-allocation.

· If two or more TBFs are currently allocated, the BSS shall send a MTRA message or a modified PDA message (FFS).

4 RLC/MAC Control Messages for Multiple TBF Operation

The new RLC/MAC control messages introduced in support of multiple TBF operation are limited to the cases of resource request, resource allocation, resource re-allocation, release of multiple TBFs and resource allocation error reporting. 

4.1 PACKET RESOURCE REQUEST (existing – modified)

This existing message is sent by an MS as follows:

· To request the allocation of resources for an uplink TBF during contention resolution.

· To request the allocation of resources for an additional uplink TBF when one or more uplink TBFs are currently allocated (new functionality).

· To request the termination of the currently allocated uplink TBF and the allocation of resources for a new uplink TBF.

4.2 PACKET UPLINK ASSIGNMENT (existing – modified)

This existing message is sent by the BSS as follows:

· In response to receiving a PRR message from an MS.

· In response to an MS request to allocate resources for an uplink TBF when the MS is currently allocated a single downlink TBF.

· Autonomously, when resource re-allocation is required when an MS has a single uplink TBF and no downlink TBFs.

· Autonomously, when an MS is currently allocated a single uplink TBF that requires resource re-allocation and a single downlink TBF that does not require resource re-allocation.

· To allocate resources for an additional uplink TBF when one or more uplink TBFs are currently allocated (new functionality).

4.3 PACKET DOWNLINK ASSIGNMENT (existing – modified) 

This existing message is sent by the BSS as follows:

· To allocate resources for a single downlink TBF when the MS has no currently allocated TBFs.

· To allocate resources for a single downlink TBF when the MS is currently allocated a single uplink TBF.

· To allocate resources for an additional downlink TBF when one or more downlink TBFs are currently allocated (new functionality).

4.4 PACKET TIMESLOT RECONFIGURE (existing – unchanged)

This existing message is sent by the BSS as follows:

· In response to an MS request to allocate resources for an uplink TBF when a single downlink TBF is currently allocated to the MS and requires resource re-allocation.

· Autonomously, to allocate resources for a downlink TBF to an MS when a single uplink TBF is currently allocated to the MS and requires resource re-allocation.

· Autonomously, to re-allocate the resources used by a single uplink and single downlink TBF currently allocated to an MS.

4.5 MULTIPLE TBF RELEASE (new - FFS) 

This new message is sent by the BSS on the PACCH to release multiple TBFs consisting of any combination of uplink and downlink TBFs. The MS shall respond to this message by sending a PACKET CONTROL ACK message on the PACCH.

5 Summary

This paper has outlined procedures and messages to be used for providing multiple TBF support in GERAN R5 for mobile stations operating in A/Gb mode. The following proposals are made:

· Adopt the requirements for multiple TBF operation as described in section 2 above.

· Adopt the multiple TBF establishment procedures as described in section 3.

· Adopt the use of existing and new RLC/MAC control messages for multiple TBF operation as described in section 4.
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