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1. Introduction
HARQ is one of the techniques being considered for the enhanced uplink dedicated transport channel ([E]-DCH). When UE is in soft handover, [E]-DCH transmit power can be reduced by employing SHO operation (macro selection diversity) also for [E]-DCH transmission, which means that multiple active set Node Bs will be involved in [E]-DCH reception. 

To improve [E]-DCH performance, it seems desirable to employ HARQ as well as macro selection diversity. However, HARQ in SHO is not so clear so far. 

In this contribution, we discuss HARQ-related overall structure considering non-SHO as well as SHO case. Note that chapter 2 is directly written in the format of text proposal into TR 25.896.
2. HARQ structure for [E]-DCH
-------------------------- Start of text proposal -----------------------------------

7.2.x
Hybrid ARQ overall structure

In Rel-5 HSDPA, physical/MAC layer N-channel stop-and-wait (SAW) hybrid ARQ was introduced for downlink. The HARQ of HSDPA supports both chase combining and incremental redundancy (IR). Protocol termination in Node B allows for fast retransmission and thus improves the end-to-end delay of the packet-based services. A similar HARQ in uplink is proposed to be studied for the enhanced uplink dedicated transport channel ([E]-DCH).
For non-soft handover situations, there is no fundamental difference in HARQ between uplink and downlink with respect to the fact that there are a single transmitting entity and a single receiving entity. In soft handover situations, however, there is a major difference in HARQ between uplink and downlink:

· In the downlink, a single UE receives the HSDPA packet. Therefore, soft combining and termination of retransmission protocol is relatively straightforward.

· In the uplink, multiple Node Bs can receive the [E]-DCH packet. The fundamental problems to solve include locations of soft buffer and reordering buffer as well as synchronization of HARQ protocol status in the multiple Node Bs. 

Considering the above aspects, HARQ overall structure is discussed in the followings.

7.2.x.1 
Reordering buffer location

In SHO, some of the active set Node Bs will decode [E]-DCH transmission successfully while the others will not. Then, SRNC will take the successfully decoded one. To fully utilize this selection combining gain, reordering buffer should reside in SRNC.

7.2.x.2 
Soft buffer location

To support HARQ with soft combining, it is efficient to locate soft buffer in Node B. 

7.2.x.3 
HARQ protocol termination

7.2.x.3.1

Non-SHO case

When UE is not in SHO, since only a single Node B receives [E]-DCH transmission, it is quite natural to terminate HARQ protocol in Node B, i.e., Node B generates ACK/NACK message and sends it to UE. 

7.2.x.3.1

SHO case

When UE is in SHO, there are two possible options as follows, which need to be further evaluated.

HARQ protocol termination in Node B
HARQ protocol termination in Node B allows for fast retransmission and thus improves the end-to-end delay of the packet-based services. 

However, since UE may receive different ACK/NACK messages from the active set Node Bs, UE cannot have benefit of soft combining for ACK/NACK decoding. This implies increased ACK/NACK transmit power. 

Another issue is how to maintain synchronization of HARQ status of active set Node Bs. A possible solution is use of new data indicator. The new data indicator is incremented every time when transmission of a new data block is started. It tells the receiver that transmission of a new data block has been started for the given HARQ process and the received data block should not be combined with the data block in the soft combining buffer. Node B can flush out the soft buffer upon receiving the new data indicator from the UE. A fundamental problem with this method is that with current uplink power control strategy, the new data indicator is not guaranteed to be reliably received by all the active set Node Bs. This would result in very large power offset for the new data indicator possibly implying loss of coverage. 

HARQ protocol termination in SRNC
In this method, each active set Node B generates a temporary ACK/NACK after soft combining and decoding of [E]-DCH packet. If [E]-DCH packet is decoded successfully, the Node B sends SRNC the temporary ACK as well as the decoded packet. Otherwise, the Node B sends only NACK to SRNC. Then, upon receiving temporary ACK/NACK messages from the active set Node Bs, SRNC can determine the final ACK/NACK and sends it to the UE via the active set Node Bs. This structure is illustrated in Figure 1.
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Figure 1. HARQ protocol structure with protocol termination in SRNC

HARQ status of the active set Node Bs will be naturally synchronized by virtue of the final ACK/NACK sent from SRNC. Therefore, there is no need for signalling of the new data indicator on uplink, which would help to improve [E]-DCH coverage. Since all the active set Node Bs send the same ACK/NACK message by physical layer signalling, UE can get soft combing gain in ACK/NACK decoding and hence ACK/NACK transmit power can be reduced. 

It is noted that Iub signalling of soft samples is not needed, since the soft buffer resides in Node B. Regarding final ACK/NACK decision in SRNC, there is a need for simple Iub signalling which includes ACK/NACK information.

Considering the time delay between packet transmission and ACK/NACK reception, the round trip delay between Node Bs and SRNC and SRNC processing time will be added to the time delay of the Node B termination case. However, using longer TTI (e.g., 10ms or 20ms) and reasonable number of HARQ channels can provide the long available processing time so that the added time delay is tolerable. Another observation justifying use of longer TTI is that it is unlikely that UEs in SHO should be provided with high data rate services, which usually require short end-to-end delay and hence short TTI with high transmit power.

7.2.x.4 
HARQ combining scheme

Use of IR in addition to chase combining can improve system throughput. When UE is in SHO, however, there might be some restrictions on use of non-self-decodable IR version as follows. 

When UE is in SHO, some of the active Node Bs may miss initial transmission, since receive power level may not be enough due to SHO principle. In this case, non-self-decodable retransmissions will not be helpful for those Node Bs that have missed the initial transmission. This may reduce the achievable selection combining gain as well as system throughput. 

If UE knows that some active set Node Bs have missed the initial transmission, UE may send initial transmission again. This may imply loss in throughput. 

-------------------------- End of text proposal -----------------------------------

3. Conclusion
In this contribution we have discussed HARQ overall structure to be further studied for SI “Uplink Enhancements for Dedicated Transport Channels”. It is proposed to include the text proposal of chapter 2 in this contribution into TR 25.896.
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