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1. Introduction

This document discusses various HARQ alternatives that are under consideration for HSDPA as well as their signalling. Rather than proposing a detailed ARQ protocol for HSDPA this document shall trigger a discussion on existing alternatives. It should support the discussion to agree on the basic principles of the HARQ scheme that shall be used for HSDPA.  

2. ARQ retransmission protocol 

So far two proposals are being discussed N-channel SAW ARQ and Selective Repeat ARQ. Even if N-channel SAW is used, a sequence numbering over all channels is needed to provide in-sequence delivery to RLC. In that case little difference can be seen between these two proposals. The operation is basically the same, a transmitter and receiver window based ARQ will ensure the re-sequencing in both cases. The ARQ process should not be divided  into N-SAW channels to avoid signaling the ARQ process number.

3. Downlink Signalling

Asynchronous versus Synchronous

Synchronous transmission inherently required less signalling since certain information can explicitly derived by the timing of the transmission. Depending on the scheme used the signalling of the sequence number or retransmission number could be avoided. On the other side it makes the system more inflexible because transmission has to be done at predefined time instances. Particularly in the downlink it prevents channel state dependent scheduling of HSDPA to some extent. That could take a portion of the performance gain that  wants to be achieved by introducing adaptive coding and modulation. Not to compromise the benefits of a flexible scheduling in the downlink, we propose to use asynchronous downlink transmission. 

Signaling Requirements 

Asynchronous downlink transmission implies a sequence number (SN) transmitted in parallel to the HS-DSCH to identify the data block or the ARQ channel. To allow simple re-sequencing we propose to identify each packet by a unique Sequence Number without spitting the ARQ scheme into multiple channels. A sequence number of around 5 bits as proposed in [1] seems to be a reasonable proposal. The detailed mapping (dedicated, shared control channel or HS-DSCH)  and timing (in advance or at the same time) of the downlink signalling also needs to be discussed. 

4. Uplink Signalling

Asynchronous versus Synchronous

Low UE complexity and thus a small buffer size should be of utmost importance for the design of the ARQ protocol. Generally can be said the faster the feedback the smaller are the memory requirements. This implies independently whether a asynchronous scheme or a synchronous scheme is used the ACK/NAK has to be send as fast as possible. 

Synchronous uplink transmission would be a simple, straight forward implementation. This approach has the disadvantage that a different implementations as for low and high end UE's are not possible. It also does not allow that the ACK/NAK speed can be improved by clever implementations or with new technologies. There might also be other factors that could have an impact on the processing time and thus the ACK/NAK uplink timing. As a matter of fact UE processing time could vary from block to block. These drawbacks could justify the signaling overhead in connection with asynchronous transmission (e.g. Sequence Number). 

There might also be the possibility of a kind of synchronous uplink transmission with relaxed timing requirements that allows a unique correspondence between Sequence Number and ACK/NACK indicator. Since the slot size of HSDPA is currently not decided upon, we propose to wait with the decision until the next meeting. RAN1 intents to decide about the HSDPA slot size at the next meeting.  

Signaling Requirements

As already said ACK/NAK has to be send immediately. It means for the sake of UE complexity the ACK/NAK signaling should be send every HSDPA-TTI. This in turn makes status reports with multiple ACK/NAK's over code blocks of several HSDPA-TTI not very suitable for HSDPA. The sending of ACK/NACK per FEC encoded block of data instead of sending status reports would make the protocol very fast and simple. On the other hand multiple ACK/NAK, be it flags or sequence numbers, could be combined and more efficiently protected by CRC.  A combining of ACK/NACK information with other uplink signaling information would also be beneficial from this point of view. If CRC protection can not be used a suitable coding scheme needs to be provided for the signaling. Error handing needs to be considered in any case. Even if Status Reports over several HSDPA-TTI are being used, they have to be sent very regular to make UE buffer size reasonable. Therefore it is not likely that there is much gain by using such status reports in terms of uplink signaling. 
5. Conclusion and Recommendation 

Based on the arguments above we propose the following concept for the HSDPA HARQ scheme: 

· Transmitter and receiver window based ARQ scheme (e.g. Selective Repeat) 

· ARQ process should not be divided  into N-SAW channels to avoid signaling the ARQ process number
· Asynchronous downlink transmission 

· Sequence numbers transmitted in parallel to identify the data block uniquely in the downlink (timing still to be decided) 

· Fast ACK/NAK feedback for each HSDPA-TTI 

· Not clear yet whether to use synchronous or asynchronous uplink signaling. It should be investigated if a flexible synchronous uplink timing is possible depending on HSDPA slot structure

The different options should be discussed and agreements should be captured in the HSDPA TR preferably in the HARQ and signalling section. A decision on these basic parameters should be sufficient at this point of time to start working on the protocol itself. The detailed parameter of the Hybrid ARQ scheme should only be selected after careful complexity analysis. Up to now it is also not yet decided by RAN1 whether Incremental Redundancy or Code Combining or another variation will be used. There are also variations of Chase Combining proposed that would require retransmission versions to be transmitted. More time should also be spend to analyze the sensitivity of the protocol against ACK/NACK errors. 

References 

[1] R2-011177 HSDPA related signalling parameters in the downlink, Nokia, Version 2

[2] R2-011151 HSDPA Hybrid ARQ protocol proposal, Ericsson






















































Page 1 of 3

