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1. Introduction
Since HSDPA was proposed for the downlink high-speed transmission technology, n-channel SAW HARQ has been considered as one of the key schemes, which has benefits in it’s short channel number usage and it’s ability of continuous transmission. However some concerns has been raised that n-channel SAW scheme do not detect of erroneous ACK/NACK signal exchange, which can happen anytime but not very frequently. The consequences of the erroneous ACK/NACK signal can be characterized as unnecessary packet processing and continuous NACK. Those problems are shown in the Fig 1.
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As we see in the figure, when node B misunderstands NACK as ACK, it transmits the new packet on the next sub channel to cause UE to soft combine 2 different packets (continuous NACK problem). On the other hand, if node B misunderstands ACK as NACK, it retransmits a packet that UE already has (unnecessary packet processing problem). 

Since the problems are caused by using the same channel number for new transmission and retransmission, the simplest solution would be appending New/Continue flag along with channel number, which results in transmitting one more bit every TTI. 

Another issue related to channel number is MAC reordering, which gets more advantages with more channel numbers. Async/Async HARQ scheme [1] with 5 bit packet identifier (or sequence number. In this contribution, packet identifier will be used rather than sequence number) was introduced as being better at in-sequence delivery and being robust to protocol error situation. However in-sequence delivery can be guaranteed without long sequence numbers as pointed out by [2]. 

Although we did not decide downlink channel structure yet, downlink control channel does not seem to have enough space for long sequence number (packet identifier). N-channel SAW with N/C flag, which would demand 4 bits on downlink control channel, does not come as an attractive approach. Async/Async HARQ could be overprovisioned, if smaller packet identifier can provide reasonable robustness to protocol error situation and can guarantee in-sequence delivery to some degree. 

In this contribution, we propose a protocol, which can prevent continuous NACK problem and unnecessary packet processing problem without using New/Continue flag. 

2. Protocol Description

The guideline for the proposed protocol that Node B shall obey to assign packet identifiers includes;

· Node B shall assign the same packet identifier to the retransmitted packet, and retransmission shall be completed within VRT (Valid Retransmission Time) after corresponding initial transmission.

· New packet shall be assigned the packet identifier from the new packet id pool.

· New packet id pool consists of packet identifiers that have not been used for more than VRT. 

The guideline for the proposed protocol that UE shall use to analyze the packet identifiers includes;  

· After negatively acknowledging a packet, UE shall consider a packet that arrives with the same packet identifier and within VRT as a retransmitted packet. If a packet with the same identifier does not arrive within VRT, the corresponding NACK signal shall be considered misunderstood as ACK by Node B.

· If a packet identifier appears twice within VRT without being negatively acknowledged, the corresponding ACK signal shall be considered misunderstood as NACK by Node B.

VRT is the predefined number of TTIs within which retransmission shall be completed. In N-channel SAW, N is decided with consideration of the time needed for retransmission [3]. The size of VRT can be determined with the number of sub channels as reference value. The largest number of sub channels ever proposed is 6 [3], and we propose this value as VRT. The packet identifier only needs to have length larger than VRT (e.g., VRT+1).

The simplified operation of the protocol is shown in Fig 2, where VRT is assumed 3 TTIs and 2 bits are used for packet identifiers. 
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In the above example, no 2-packet identifiers are within VRT except retransmission, because protocol error does not occur. 

Below Fig 3 shows another example where protocol error exists.   
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In the above example, UE detects NACK error when the corresponding packet does not arrive within VRT, and ACK error when 2 packet identifiers not negatively acknowledged are within VRT. 

The followings can be noted:

· The above scheme does not give any limitation on maximum retransmission time and window size while SR [1] proposed so far has strong relation between sequence number and maximum retransmission time and/or window size.

· VRT can be determined based on the robustness for error situation rather than window size or maximum retransmission time.

· Comparing to 6-channel SAW HARQ, VRT can be determined to be 6 or 7 and in that case, only 3-bit sequence number will be needed.

· The length of packet identifier in the proposed scheme is not enough for MAC layer reordering but as proposed in [2], sequence number is not necessary for MAC layer reordering.

3. Conclusion

We have number of ARQ proposals for HSDPA and they have their own pros and cons. 

N-channel SAW is good at downlink resource usage, but poor to detect protocol errors. N-channel SAW can be improved in detecting protocol errors with additional new/continue flag bit but the improvement is achieved at the expense of downlink resource usage. The proposed scheme in this contribution may be as good as N-channel SAW in terms of downlink resource, and does not suffer from the most critical protocol error of continuous NACK problem. 

Proposals in this contribution can be summarized as follows:

Proposal 1: To use short length of packet identifier (sequence number):

· In order to reduce the length of the bits for HARQ, consider short length of packet identifier (sequence number), where 3 bits are enough to support 6 sub-channel Asynch/Synch SAW HARQ.

Proposal 2: To use RLC packet reordering without help of long packet identifier (sequence number):

· As proposed in [2] and [4], RLC packet reordering can be done without long packet identifier.

References

[1] R2-011151 “HSDPA Hybrid ARQ protocol proposal”, Ericsson

[2] R2-011697 “In-Sequence delivery of synchronous N-Channel Stop-&-Wait HARQ”, Siemens AG

[3] R1-010553 “Further buffer complexity and processing time considerations on HARQ”, Nokia

[4] R2011969 “Reordering for In-sequence delivery”, Samsung
_1059950488.ppt
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Fig 2. Operation of the proposed protocol using 4 packet identifiers – no protocol error
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