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1 Introduction

A general question is what to do in the UE when a high(er) priority PDU appears in the UE transmission buffer and all HARQ processes are occupied. We discuss in this contribution possible alternatives and consequences of each.

2 Handling of higher priority PDU in HSDPA

In HSDPA, Node B scheduler can postpone the retransmission of a given HARQ process and send instead a higher priority PDU from the Node B buffer. In HSDPA there are, in fact, two different ways of doing that: 

1) retransmission of a given block is aborted by using NDI and the higher priority PDU is transmitted using this same HARQ process (the aborted PDU can be retransmitted later as a ‘new’ block with the original TSN, however, combining with the earlier transmissions is not possible) or 

2) retransmission of a given block (and HARQ process) is simply postponed and the higher priority PDU is transmitted using another HARQ process id (typically 6 HARQ processes are needed to ‘fill the transmission pipe’, it is however, possible to configure up to 8 processes, thus leaving 2 processes for higher priority PDUs). 

The first option is enabled by NDI and the second option by asynchronous HARQ operation and additional HARQ processes. 

Same alternatives are also possible for HSUPA. 

3 Handling of higher priority PDU in HSUPA

A single uplink E-DCH per UE and a single E-DCH transport block per TTI were decided in Montreal meeting. Furthermore, MAC-e multiplexing of several MAC-d flows into E-DCH was also decided. This means that multiple MAC-d PDUs from multiple MAC-d flows can be multiplexed into one MAC-e PDU.

In order to have good fill efficiency of the TTI and not to delay different priorities too much, we assume that several priorities should be supported within one TTI. This is different from HSDPA where only one priority is allowed per TTI. Therefore, for HSUPA, higher priority PDU should mean a PDU with higher priority than the highest priority within already transmitted MAC-e PDUs.

When such higher priority PDU appears in the UE transmission buffer and there is a pending retransmission for the next TTI, there are at least four alternatives:

1) wait until there is a free HARQ process available, i.e., complete pending retransmissions first
pros: simple
cons: higher priority PDU is delayed by one or more TTIs, the delay depends on the target BLER (higher BLER implies higher delay)

2) abort next lower priority HARQ process (e.g., by using NDI) and transmit the higher priority PDU instead of that, the aborted MAC-e PDU should be transmitted later as a ‘new’ transmission using the original TSN either in the same or other HARQ process
pros: high priority PDU not delayed
cons: retransmission of lower priority MAC-e PDU slightly delayed, buffered energy of earlier transmissions wasted

3) same as above but the aborted MAC-e PDU is discarded
pros: same as above
cons: lower priority MAC-e PDU lost, retransmission at higher layer required

4) send the higher priority PDU(s) (and other lower priority PDUs to fill the block?) in the next TTI using spare HARQ process id and postpone the retransmission of lower priority MAC-e PDU to next TTI.
pros: high priority PDU not delayed, no buffered energy wasted
cons: retransmission of lower priority MAC-e PDU slightly delayed, additional buffer for extra HARQ process, explicit HARQ process id required

3.1 Discussion

Alternative 3 in the previous subsection is out of question since it requires higher layer retransmission (which we try to avoid with MAC-layer retransmissions). Alternative 1 is attractive due to its simplicity, especially if the target BLER for the first transmission is low enough (10-20%). For high target BLER, alternative 1 may cause too large delay for the higher priority PDU. Alternative 4 is attractive, if asynchronous HARQ is selected for other reasons, i.e., if HARQ process id is sent anyway since extra flexibility is achieved almost free. However, this alone does not justify adoption of asynchronous HARQ. Alternative2 is also possible but somewhat less attractive.

4 Conclusions

Alternatives for supporting pre-emption were discussed. If asynchronous HARQ is selected, then pre-emption by using extra HARQ process could be specified.

