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1. Introduction

At the RAN WG2#43 Meeting in Prague several papers were submitted regarding the problem of logical channel starvation with E-DCH [1,2,3]. This contribution summarises the current assumptions and suggests some mechanisms for the reduction and/or prevention of logical channel starvation.

The current assumptions are that:

In the E-DCH UE transmission power is allocated first to the DCH, and any left over power is used for the E-DCH. Then the problem is that this approach might result in starvation of the transmission of the low priority logical channels carried on the E-DCH. The problem is more significant as only a single transport channel is allowed per TTI.

If the node B scheduler can detect starvation of the low priority logical channels, then the scheduler may perform some action to reduce the starvation.

As stated in [1] starvation may not be a problem in reality as for combinations of high bit rate streaming RABs with low bit rate background RABs, the delay insensitive traffic can (and perhaps in some circumstances should) be delayed. However, without any mechanism to resolve starvation, low priority traffic classes could be permanently blocked, which is not desirable.

2. Logical Channel Starvation

Starvation can happen in several circumstances where we have certain RAB combinations. In particular the combination of conversational and streaming RABs with interactive and background services could be a problem. The starvation of interactive services in this scenario would have a serious, if not fatal result, on the efficient use of radio resources and therefore the user's experience.

Logical channel multiplexing should allow the sending of both high and low priority PDUs to prevent logical channel starvation. However this multiplexing operation has not yet been defined. It also seems likely that some signalling will be required between the Node B and the UE to guarantee a particular QoS for a given priority of logical channel and prevent starvation.

3. Proposals

Several possibilities for the prevention of logical channel starvation are possible including:

· On the detection in the Node B, RRC signalling could be used to either temporarily or permanently increase the priority of the low priority logical channel. However, RRC signalling is generally too slow for this to be a viable option.

· As discussed in [3], in HSDPA there are two possible different mechanisms for minimising delays to high priority data. Pre-emption is where the abortion of an ongoing transmission is allowed, to enable high priority data to be sent, and asynchronous HARQ allows high priority data to be sent in the next TTI of a free HARQ process. Release 99 mechanisms such as TFC sets cannot be used since only one transport channel is allowed for E-DCH.  It may be possible to use either of the two mechanisms for minimising delays in both high and low priority channels. 

Pre-emption is generally used in the multiplexing of MAC-e data when all HARQ processes are in use, to free up resources. Pre-emption is a mechanism that is up to now, only used to reduce potential delays in the transmission of high priority data. However, the mechanism could also be applied to prevent starvation, given some extra constraints, so that the lower priority channels cannot take too much resource away from the higher priority logical channels.

On the detection of starvation it should be possible to allow a temporary (limited in time and duration) suspension of transmission of the high priority channels to allow the transmission of potentially blocked lower priority channels.  This could be achieved by either aborting the transmission of ongoing HARQ processes, (pre-emption) or by scheduling transmission in the next available TTI of a free HARQ process. This mechanism would guarantee the delivery of the low priority channels at the expense of some degradation to the high priority logical channels.

The exact mechanism for the temporary change of priority of logical channel could be signalled in by RRC signalling on RAB set‑up, as a set of parameters, defining which logical channels may be pre‑empted and for what percentage of time and or amount of data they may lose their high priority status in the MAC-e multiplexing.

The effect of this temporary change of logical channel priorities will be to ensure that high priority logical channels transmissions cannot starve lower priority channels, and the expense of the sacrifice of some QoS in the high priority logical channels.

4. Conclusions

Our preferred solution is to assume after the detection of starvation that we either increase the priority of the low priority logical channels or reduce the priority of high priority logical channels. Such an increase in priority can be achieved by allowing a small and pre-determined amount of pre-emption resulting in only limited degradation of the high priority logical channels. 
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