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1. Introduction

In this contribution some HARQ issues are discussed and our opinion is presented. The topics discussed are the in-sequence delivery of packets to RLC, MCS change between transmissions and IR vs. Chase combining.

2. In-sequence delivery of packets to RLC

Release'99 RLC assumes that the packets are received in order. For UM service, if an RLC-PDU is missing, the complete RLC-SDU is discarded. For AM service, a missing RLC-PDU causes a retransmission request. If the RLC-PDUs are not received in sequence, some RLC-SDUs may be discarded unnecessarily for UM and some unnecessary RLC-PDU retransmissions may be generated for AM. Therefore, either MAC-hs has to provide the in-sequence delivery of the RLC-PDUs or RLC has to be modified to support out of sequence delivery of RLC-PDUs.

From the HARQ/MAC-hs implementation point of view, the easiest solution would be to modify RLC. RLC anyway inserts sequence numbers to all RLC-PDUs both in AM and UM. Therefore, a re-sequencing function should not be too complicated to add to RLC. If in-sequence delivery is not required at MAC-hs, then the HARQ numbering can be very simple: with synchronous N-channel HARQ, a single bit would be enough, with asynchronous N-channel HARQ in addition HARQ process number is needed.

If the re-sequencing is implemented at MAC-hs layer, HARQ block numbering at MAC-hs level is required (RLC-PDU numbering is typically not known at MAC layer). This numbering should be cross the HARQ processes to recover from totally lost TTIs (UE id lost). If longer HARQ block numbers are used, HARQ process numbers are not needed anymore since the combining can be based on the HARQ block number. This in turn makes the HARQ scheme very similar to a selective repeat (SR) scheme. In order to control the re-sequencing buffer sizes, some tx- and rx-windows should be specified.

Asynchronous HARQ requires the HARQ process number to be signaled in the downlink. If N=6, 3 bits are needed for HARQ process number. In addition, at least one bit sequence number is needed per HARQ process to recover from errors in ACK/NACK. This implies that at least four bit 'sequence numbers' are needed with asynchronous N-channel HARQ. By introducing, e.g., five bit sequence numbers which run cross the HARQ processes would not significantly increase the signalling load and would allow in sequence delivery of packets from MAC-hs.

To summarize, two possible options are

· Synchronous N-channel HARQ with 1 or 2 bit sequence numbers (to save in signalling) and RLC to be modified to support out of sequence delivery of RLC-PDUs

or

· Asynchronous N-channel HARQ with (e.g.) 5 bit sequence numbers across the N channels. The soft combining would be based on these numbers. The acknowledgement would still be synchronous, i.e., each TTI would be acknowledged separately with a fixed delay, therefore, no sequence number is needed in the acknowledgement. 

Our current proposal is to use asynchronous N-channel HARQ with, e.g., 5 bit sequence numbers across the N channels. This would allow in-sequence delivery of RLC-PDUs from MAC-hs.

3. No MCS change between retransmissions

In order to simplify the HARQ scheme, the retransmission always should contain the same transport blocks as the first transmission. If the MCS is changed between retransmissions, then in order to keep the transport blocks the same, either the TTI length in slots or the amount of codes has to be changed. Since the TTI length is assumed to be either fixed or semi static, we only consider the number of channelization codes here.  If the MCS is changed to a more robust mode more, then more codes are needed, which may not always be possible, e.g., if all codes are already in use. If the MCS is changed to less robust mode then less codes are needed, which typically could be easier to arrange. However, the change of MCS between retransmissions in any case complicates the scheduling and should therefore be avoided. Furthermore, MCS change between retransmissions would require IR scheme which further complicates the scheme.

We propose not to change MCS between retransmissions.

4. IR vs. Chase combining

With IR some performance gains might be achieved but currently they seem to be only marginal. Our current proposal is Chase combining for its simplicity.

