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Concept Paper for Multiple TBFs in A/Gb Mode

1. Background

As mobile station processing capabilities and packet data centric service offerings continue to increase, mobile stations will have to support an increasing number of PDP contexts with increasingly varied quality of service requirements.  For instance, mobile users who have a real time audio, a web browser and an e-mail application running at the same time require support for all these applications with their appropriate QoS.  

It is possible to support multiple PDP contexts (i.e. multiple applications) using the current standards either by mapping all required data streams onto one TBF or by repeatedly releasing and setting up a new TBF each time data from a different application needs to be transmitted.  However, both of these approaches have limitations as described below: 

· Each PFC is associated with one or more PDP contexts having an associated QoS that requires the use of a distinct LLC SAP. It is expected that a QoS requiring the use of a distinct LLC SAP would also require the use of a distinct RLC engine (and therefore a distinct TBF). As such, the option of simultaneously mapping multiple distinct PFCs that use different LLC SAPs onto a common TBF is seen as having minimal practical value.

· In order to simultaneously map multiple PFCs onto one TBF they must all share the same RLC engine and TBF mode. If the QoS of different PFCs are such that they require the use of a different RLC mode there is no choice other than to repeatedly release and re-establish TBFs to support payload delivery for these PFCs. This is of course undesirable as it leads to delays and high signalling load. 

· Even if different PFCs can utilise the same TBF from a QoS perspective, the smallest unit for LLC multiplexing is the LLC frame. The payload of an LLC frame may be up to 1520 octets. Therefore, it is not possible to effectively multiplex an application transmitting small packets and having strict delay requirements together with an application transmitting large packets. 

Given these limitations associated with single TBF operation, support for multiple TBF operation is seen as a requirement for A/Gb mode in order to accommodate increased and diversified packet data centric services anticipated in the near future.

2. High Level Requirements

The high level requirements proposed for the multiple TBF operation in A/Gb mode are provided below.

2.1. Multiple parallel data streams to/from one MS shall be realised through introduction of multiple TBFs.

2.2. R5 mobiles shall optionally support multiple TBFs. Multiple TBF support shall be indicated by the MS to the network as a separate feature (i.e. using MS radio access capability reporting).

2.3. Multiple TBFs shall be supported both in multi-slot and single-slot operation.

2.4. Multiple TBFs shall be supported for uplink and for downlink data streams.

2.5. Multiple TBFs shall only be supported on PDCHs.

2.6. A Multiple TBF capable MS shall support signalling for 8 uplink TBFs.

2.7. A Multiple TBF capable MS shall support signalling for 8 downlink TBFs.

2.8. Each TBF supported by an MS shall be able to possess different QoS characteristics (i.e. a separate RLC instance must be provided for each TBF).

2.9. Multiple TBFs shall be multiplexed on a radio block basis.

2.10. One TBF shall be limited to carrying information for one PFC. This requirement is based on recognizing the limited practical value of allowing PFCs that are realized using different LLC engines (i.e. each PFC is mapped to a unique LLC SAP) to share a common RLC engine.

2.11. One USF shall be allocated per timeslot allocated to an uplink TBF.

2.12. The BSS shall be responsible for scheduling each uplink TBF using USF values according to the restrictions of the resources allocated for any given uplink TBF (e.g. number of timeslots allocated).

2.13. When cell change is required, a TBF not subject to handover shall be released and then re-established once the MS enters the new cell.

2.14. When cell change is required, a TBF subject to handover shall be allocated resources for use in the new cell prior to cell change and shall be directed to the new cell via a handover command.

2.15. Both dynamic allocation and extended dynamic allocation shall be supported for multiple TBFs.

2.16. New procedures for suspending and resuming an uplink TBF shall be introduced to support bandwidth efficient and fast resumes for the case where an MS has been allocated multiple uplink TBFs (FFS).

3. Multiple TBF Capability

Multiple TBF capability reporting shall not vary between mobiles that support multiple TBFs. As a result,  an MS shall report that it supports one of the following:

· 8 TBFs in each direction (all MS that supports multiple TBF)

· 1 TBF in each direction (all MS that do not support multiple TBF). 

This does not mean that an MS that indicates it supports multiple TBFs can support 8 uplink TBFs + 8 downlink TBFs at all times under all circumstances. If an MS attempting to establish one or more additional TBFs experiences limitations (e.g. available memory, processor capacity, etc.) that would prevent the additional TBF(s) from being established, it shall report this condition in an error response to the network (i.e. the TBF establishment procedure would fail).

An MS having an allocated PFI may not always have physical resources allocated to it. Therefore the TBF limitations of a multiple TBF capable MS only reflect the maximum number of simultaneous TBFs that can be supported (i.e. not the number PDP contexts that can be activated). There is also a practical limit on the number of TBFs that can be supported which is imposed by the number of LLC SAPs currently available (i.e. currently 8 simultaneous LLC data streams are possible, 4 operating in acknowledged mode and 4 operating in unacknowledged mode). 

There may also be a limitation in the amount of memory available in an MS that may restrict the number of simultaneously active TBFs, see G2-020269 [1].

4. Conclusions

This paper has outlined at a high level the justification and requirements for supporting multiple TBF support in GERAN R5 for A/Gb mode. It is proposed that the high level requirements provided in section 2 above be adopted.
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