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Impacts on RR, RLC/MAC protocols to support IMS conversational traffic class 
through an Evolved Gb interface

1. Introduction

In GERAN community there has been an extensive discussion regarding the enhancement of the A/Gb mode to support conversational services. While several contributions have been presented it is still not clear what, in the end, are the implications of the required enhancements. This document serves as a preliminary assessment of the impacts the Gb evolution would have on the RR and RLC/MAC protocols to support the conversational traffic class as defined in 3GPP TS 23.107.

2. Existing (E)GPRS

Today's (E)GPRS allows the transfer of PS domain data on a Packet Data Channel (PDCH) through the RLC, MAC and RR protocols. The RLC protocol supports data transfer in non-transparent mode only, either acknowledged or unacknowledged. 

The MAC protocol controls the access to and information transfer on the radio medium, as well as cell reselection procedures.

The RR protocol controls the access to the radio medium in packet idle mode within the GPRS cells that do not support the Packet control channels.

3. Impacts

3.1 Assumption

Due to the tight delay requirements, conversational traffic requires a dedicated channel reserved for the connection. It is not possible to do multiplexing between users on this channel as signalling delays would cause unacceptable deterioration in the service quality. Consequently, it is assumed in this document that dedicated channels are needed in order to support conversational IMS services in enhanced A/Gb mode [1], [2]. The use of shared channel, PDCH, with existing procedures is not sufficient to meet the desired QoS requirements. The service gap at cell reselection is too large, even with NACC. Consequently, a handover procedure is needed for conversational services. Reliable handover procedure, on the other hand requires frequent measurement reporting and controlling mechanism such as the RR procedures existing today in GSM.The MAC procedures are not sufficient without enhancements.. 

The following channel combination would be allowed for conversational PS services over PDTCH:

· PDTCH/F + PACCH/F + SACCH/TF

· PDTCH/H + PACCH/H + SACCH/TH

· PDTCH/F + PACCH/F + SACCH/TPF + EPCCH/F

· PDTCH/H + PACCH/H + SACCH/TPH + EPCCH/H

Where EPCCH is used in case of enhanced power control (uses bits within SACCH bursts).
Note that [1], [2] have different alternatives to provide these channel combinations. While [1] is already standardized within 3GPP Rel5 and is basically replacing TCH + FACCH with PDTCH + PACCH in the 26-multiframe, [2] proposes a new "dedicated" PDCH in the 52-multiframe where the new SACCH would replace the PTCCH and/or the idle frames. It should be noted that the benefits of this later alternative over the first one are unclear since either PTCCH is replaced, preventing the multiplexing of GPRS MSs on the same timeslot, or the idle frames are replaced, preventing any channel quality measurements on this timeslot by GPRS MS that would be multiplexed on this timeslot. I.e. either way, no GPRS MSs may be multiplexed on the same timeslot.

3.2 Preliminary impacts on radio resource related procedures

3.2.1 Radio Resource related procedures

If dedicated channels are introduced to A/Gb mode, it is unclear what protocol is involved into the resource request and allocation procedures for either MAC or RR protocols may be used. In [3] it has been also proposed that a new protocol layer GRR is introduced on top of RLC/MAC protocol and this protocol is used for controlling handovers etc. It is clear that some control mechanism for the handover is needed but what resource request and allocation procedures are used, and what state machines (and states) are operating is completely open. 

Because packet control channels are optional in A/Gb mode, and likely to remain so in Enhanced A/Gb mode, procedures must be supported on CCCH (RR), and optionally on PCCCH (MAC or MAC+RR). However, if PCCCH is present, the MS shall camp on PCCCH and procedures shall be initiated there:

· For mobile-terminated PS call, no procedure exists in A/Gb mode to assign a dedicated channel to a MS monitoring the PCCCH apart from the CS part (RR procedure on CCCH), clearly not applicable for PS call. Therefore:

· A new procedure should allow in a similar manner as in Iu mode (PACKET DBPSCH ASSIGNMENT) the assignment of dedicated resources through the PAGCH

· The PACKET PAGING REQUEST for TBF establishment procedure could be a) reused or b) modified: 

a) Upon receipt of a PACKET PAGING REQUEST for TBF establishment, a PACKET CHANNEL REQUEST with cause cell update is sent by the MS to the network which in turn assigns a TBF (on a normal PDCH) for signalling exchange. It is unclear how the dedicated resources can be assigned once the cell update is completed: it seems required to introduce a new dedicated resource assignment procedure on the PA[C/G]CH (similar to Iu mode PACKET DBPSCH ASSIGNMENT)

b) A TBF is essentially unidirectional, while bi-directional dedicated resources could be allocated early

No paging cause is currently available in the PACKET PAGING REQUEST message for TBF establishment that would inform an Enhanced A/Gb MS to request early dedicated resources. 

· For mobile-originated call, no procedure exists in A/Gb mode to request dedicated resources via the PRACH. Besides, the same issue as above regarding cell update raises here also.

For CCCH case, the RR protocol could be modified:

· Assignment of dedicated resources for PS domain data via the AGCH: whether a new message is needed or modifications of the Immediate Assignment message are possible is unclear. Though it should be noted that modifying the Immediate Assignment is quite likely impossible, as was already noticed during Iu mode work. 

· While the RR packet paging procedure could likely be reused, it is unclear what modifications are required (especially between GMM and RR) to support the enhancement inherent to conversational traffic class in the PS domain, while it is however essential here also to get a thorough understanding of the implications.

3.2.2 Data transfer

A preliminary assessment on the impacts on RLC/MAC for data transfer is given below:

· RLC procedures on PDTCH and PACCH remain likely unchanged

· MAC procedures for multiplexing are the same as in Iu mode. The MS must monitor the USF in downlink to be able to send any data in uplink, unless the TBF is the only user of the channel in which case the MS may ignore the USF.

· It is unclear what medium access mode is used for Enhanced A/Gb mode on dedicated channels (for PS domain). It is likely that a new medium access mode is needed, similarly to Iu mode, as no other mode is directly applicable nor adequate. Exclusive allocation and related procedures are defined for and tightly linked with DTM only, for a PDCH. Modifying the definition of exclusive allocation would make the specification cryptic.

· It is unclear how to define the case dedicated channel (for PS data) + shared channel case of Iu mode (MAC-DTM state) in Enhanced A/Gb mode. None of the current MAC modes allows such configuration.

· It is unclear what mechanism is used for releasing the radio resources and based on what criteria

3.3 Further impacts on RR

Dedicated channels and the PS handover procedure in particular require new kind of control functionality to be introduced. It has not been decided which layer would contain this functionality but there has been a proposal [3] to introduce a new protocol layer, GRR, on top of RLC/MAC to handle the handover, measurement reporting etc. This is naturally a major modification to the protocol stack. If, introduced, the new layer must interact with the existing RR procedures (e.g. DTM case if supported?) and MAC procedures (is MAC measurements going to be used?). Also the MS protocol state machine likely needs to be redefined or at least carefully clarified in order to know exactly in what state these new procedure applies. Most likely, a new specification should be created for the purpose in the same manner as RRC specification for the Iu mode.

It has been also proposed that in order to decrease the LLC and SNDCP overhead by getting rid of the SAPI and NSAPI fields in the protocol headers a radio bearer concept is introduced. This concept would naturally have major impact on the way the protocol stack behaves. The new procedures, e.g. establishment, reconfiguration and release would be needed and their interactions with the RLC/MAC & RR defined. 

4. Conclusions

In order to support PS domain conversational services in A/Gb mode, dedicated channels with a reliable handover and a small handover gap is needed. From specification point of view it is expected that similar changes as those made for the Iu mode are needed. The handover procedure requires new kind of control for PDTCH traffic on dedicated channels and therefore new controlling functionality is needed. This can be introduced in RR, RLC/MAC or a new GRR layer. In all cases the new functionality needs to be described and the relationship with existing functions & states defined (new state machines needed??). A new specification may be needed for this purpose. Further, if proposed optimisations on LLC & SNDCP layers, which would remove the SAPIs, are introduced the required radio bearer concept would have major impact on this new protocol layer (also for other layer). 

Based on the above, it can be concluded that the amount of changes that are required to introduce the conversational traffic class in the A/Gb mode are on the same level as those standardized for the Iu mode. Further analysis is needed to cover the changes needed in the BSSGP protocol, interworking etc.
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