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1. Introduction

The current HARQ protocol design contains two mechanisms to avoid stalling of the HARQ protocol, i.e. to avoid that MAC-hs PDUs wait infinitely long in the reordering entity, because the next expected MAC-hs PDU A is still missing in the reordering entity (gap in the reordering buffer corresponding to a TSN gap) and will never be received, because a NACK>ACK-misinterpretation happened for the NACK that was sent for this MAC-hs PDU A:

· Timer-based mechanism

· Window-based mechanism

The timer is usually configured so long that it takes care of stall avoidance, if transmission to one UE is interrupted, because other UEs have to be served, i.e. the timer value should be in the order of seconds.

Due to the currently fixed window size of 32, due to the TTI of 2ms, it takes 64 ms, until the window-based mechanism can clear a stall situation.

Due to the fact that RAN2 took the decision (R2-021736), not to ask for an optimisation of the physical layer design (e.g. by adding pilot bits) such that in all cases, i.e. also the critical ones (Soft Handover), a NACK>ACK-misinterpretation does not happen with a higher probability than 10e-4, at least in the critical cases, there will be in many cases, esp. the critical ones, a higher frequency of NACK>ACK misinterpretations, i.e. 10e-03 or more, depending on the UL transmission power available for the NACK. Note that the maximum TX power of the UE is limited, i.e. at cell boundaries, there is a high risk that the maximum TX power is not sufficient to convey the NACK with sufficient reliability.

A NACK>ACK-misinterpretation always causes a MAC-hs PDU loss, since NodeB assumes that a MAC-hs PDU was received error-free, though it was not. I.e. with the RAN2 decision, at least in the critical cases, MAC-hs PDU loss would occur with 10e-03 or even higher probability.

With an increased probability of MAC-hs PDU loss, the risk of having gaps in the reordering buffer increases. Simulation results were presented, which were to indicate that there would not be any problem for delay performance, if a MAC-hs PDU loss of 10e-03 were assumed. However, in these simulations, the reordering timer was set to 50ms, so that the timer based mechanism always clears any stalling condition before the window-based mechanism could do it. Hence, companies felt that there is no evidence, that an increase in the MAC-hs PDU loss probability to a value of 10e-03 could easily be tolerated from a delay performance perspective.

For this reason, some companies felt that it would be beneficial to have means in place for stall avoidance in addition to the timer-based and the window-based mechanism.

2. Discussion of available proposals

Three approaches for improving the HARQ protocol performance in terms of delay on L2 have been under discussion (listed in chronological order):

1. Acknowledged Sequence Number (Lucent)

2. TSN gap removal based on HARQ activity (ASUStek, Qualcomm) 

3. Error Recovery Procedure, which aims at reducing the risk of MAC-hs PDU loss (Philips)

Evaluation of 1 (Acknowledged Sequence Number): 

· Can only remove the oldest (and therefore possibly already obsolete) TSN gap, since the Acknowledged Sequence Number (ASN) carried in a MAC-hs PDU cannot be changed, when this MAC-hs PDU is retransmitted, i.e. only a small fraction of the TSN gaps can actually be removed.

· Needs a change in the MAC-hs header format.

Evaluation of 2 (TSN gap removal based on HARQ activity):

· Would remove TSN gaps in some cases, when a NACK>ACK-misinterpretation or an abortion happens, e.g. the rules described in R2-021593 only apply for a small fraction of the possible state combination. The latest version of the ASUStek version as described in R2-021974, only considers the “Pre-emption not allowed case, i.e. re-initiateing a MAC-hs PDU transmission after aborting it because a higher priority stream is to be served first, is not possible, while in the “pre-emption allowed case”, only for the highest priority stream, TSN gap removal is possible (R2-021593), which is also a severe limitation. Further details on the limitations of the ASUStek proposals can be found in R2-022091.

· Needs a rule on the nodeB side, which forbids retransmitting a MAC-hs PDU of a lower priority stream, whose transmission was aborted, since nodeB had to switch to a higher priority stream destined for the same UE. 

· Using activity/inactivity of HARQ processes seems dangerous, when switching to other UEs: Then, the HARQ processes become inactive, and the reordering buffer containing some missing MAC-hs PDUs would be emptied, although there would be a retransmission on HARQ level, as soon as the UE is again served. In this case, an unnecessary retransmission on RLC level would result, since RLC would be triggered, by the missing RLC-PDUs, to send status reports for the different RBs. 

Evaluation of 3 (Error Recovery Procedure): 

· Allows for improving the parameter (MAC-hs PDU loss due to NACK>ACK-misinterpretation), which determines those cases, in which TSN gaps in the reordering buffer would be beneficial to be removed, i.e. it causes such TSN gaps becoming sufficiently rare: Under normal conditions (i.e. not being in SHO), where L1 can guarantee a NACK>ACK misinterpretation risk of between 10e-03 and 10e-04, with the recovery procedure MAC-hs PDU loss due to NACK>ACK mis-interpretation would be lower than 10e-05 at the same TX power, i.e. virtually no TSN gaps, for which it is useful to remove them, would ever exist, and what is even more important, the required retransmission (on RLC level) of the RLC-PDUs carried in the lost MAC-hs PDUs is no longer required. 

· Allows for further reducing the required TX power for ACK/NACK transmission also under normal conditions, if MAC-hs PDU loss with a probability of 10e-04 is sufficient.

· Needs a third UL signal (REV command) and additional buffer for as many uncoded MAC-hs PDUs as there are HARQ processes, i.e. up to 8, and an additional bit on the HS-SCCH to provide the separation between an Abortion Indication and the indication that nodeB received a REV (2-bit NDI). According to R1-02-0794 adding a bit to the HS-SCCH comes at a cost of less than 0.15 dB per bit in the worst-case scenario (single path 120 km/h). 

With the coding of the REV command described in R1-021063 (using also CQI bits), the changes to L1 are minimal, and also the reliability of the REV command is further improved.

· Allows for a clear distinction between abortion and NACK>ACK-misinterpretation by introducing a 2-bit-NDI (This would also solve the error case indicated in R2-022178/R2-021931). 

3. Recommendation

Only the error recovery procedure is able to combat the additional delay at its roots, if TSN gaps are not yet removed by the available means for stall avoidance. 

The alternative proposals can remove TSN gaps in some cases and in these few cases reduce the delay. However, there is no evidence that the delay reduction, which can be achieved, is actually noticeable. So far, it can only be expressed in qualitative terms that delay seems to be improved to some extent. In contrast to this, the error recovery procedure allows for clear quantitative improvement by way of the reduced MAC-hs PDU loss probability.

Especially the proposal based on the HARQ activity bases on a rule in nodeB, which forbids retransmitting a MAC-hs PDU of a lower priority stream, whose transmission was aborted, since nodeB had to switch to a higher priority stream destined for the same UE. Such a limitation is not seen as justified, due to the unclear gain of the rules for delivering MAC-hs PDUs, which still wait, because the next expected PDU is missing.

It is recommended to adopt the error recovery procedure as described in R2-022092 for the purpose of delay performance improvement. Since an Abortion is indicated explicitly on the HS-SCCH (and not just by toggling the 1-bit NDI, which indicates, in the current version of the protocol, that either a NACK>ACK-misinterpretation or an abortion has happened), problems with missing the HS-SCCH as pointed out in R2-022178 would be solved.
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