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1. Introduction

For Rel-5 an error recovery procedure [1] had been proposed, which aims at reducing the risk of NACK-to-ACK-misinterpretations (N>A-misinterpretations). Such N>A-misinterpretations cause the NodeB to assume that a MAC-hs PDU was received error-free by a UE although it was not, and the UE expects a retransmission for this MAC-hs PDU. The next MAC-hs PDU on this HARQ process is then sent with the NDI toggled, so that for the UE this looks, as if the NodeB had aborted transmission of this MAC-hs PDU. As a consequence of the N>A-misinterpretation, the MAC-hs PDU is lost.

Investigations into the reliability of the HS-DPCCH, which carries ACK/NACK feedback, revealed that it is impossible to achieve a N>A-misinterpretation probability of 10-4 without any modifications to the HS-DPCCH. As a consequence, several other proposals besides the error recovery procedure were submitted, which aimed at improving the reliability of the HS-DPCCH [2]. While the error recovery procedure can be looked upon as a L2 based mechanism, these other mechanisms were pure L1 schemes. 

The current specifications contain the possibility of repetition of ACK and NACK. Though this is a way to improve the reliability of ACK and NACK, it has quite bad implications on the throughput: If e.g. the ACK/NACK feedback is repeated once for each MAC-hs PDU, it halves the peak throughput for a UE. Apart from that, it is not a mechanism, which can “react”  to bad channel conditions. It can only be configured in advance, and hence causes inefficiency, whenever the channel conditions do not need the repetitions.

Based on the argumentation that also in the critical cases, like soft handover, a N>A-misinterpretation probability of 10-3 or higher would be acceptable from a higher layer point-of-view, the error recovery procedure as well as other schemes proposed for improving the reliability of the HS-DPCCH were no longer considered for Rel-5.

This case of N>A-misinterpretation is the only one, in which the NodeB is not aware of the MAC-hs PDU loss. The other case of MAC-hs PDU loss is given by an abortion actually decided by the NodeB. Criteria for abortion are that the maximum number of retransmissions for a MAC-hs PDU are reached or that the timer T1 (made available at NodeB ) has elapsed for a particular MAC-hs PDU, in which case it is useless to transmit this MAC-hs PDU, since it would anyway be discarded in the UE, because the reordering timer T1 has elapsed for this MAC-hs PDU.

1.1 Why N>A-misinterpretation risk should be reconsidered

Recently (RAN2#36 and RAN2#34), the implications of an RLC reset on a RB mapped to the HS-DSCH were discussed. It turned out that with the current specification of the HS-DSCH it has to be avoided, what is actually possible in R99,  namely to configure an RLC entity of a RB, which is mapped to the HS-DSCH, with two logical channels, where one logical channel is used to carry RLC Control PDUs, and is therefore mapped to a transport channel with better FEC. 

As a consequence it is impossible to allow for RLC Control PDUs to be transmitted with better FEC than that of RLC data PDUs, as it is the case for R99-channels. 

Since the NodeB so far has no indication on whether a N>A-misinterpretation has happened or not, N>A-misinterpretation will necessarily lead to a loss of the MAC-hs PDU, for which the NodeB erroneously assumes that it was received error-free by the UE. 

Loss of RLC Control PDUs could have a significant impact under soft-handover conditions, since here even a probabililty of 10-3  for N>A-misinterpretation is difficult to achieve. In Downlink direction this would be relevant for the STATUS PDU containing an MRW SUFI for SDU discard procedure with explicit signalling as well as to some limited extent for STATUS PDUs stating about, which PDUs were correctly received via the Uplink. The RESET PDU is certainly not of big importance, since an RLC RESET is expected to happen rarely.

In view of these new aspects, the error recovery procedure is reconsidered here, however, with a significant modification, which allows for keeping the 1-bit-NDI, while the earlier proposal [1] was based on a 2-bit-NDI.

2. Error Recovery Procedure for the HARQ protocol working with a 1-bit-NDI
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As in the earlier proposal, the UE can send via the HS-DPCCH a Revert (REV) signal (in addition to the ACK or NACK) to request the Node B to retransmit an earlier packet which was not successfully decoded, and for which a NACK had already been sent. This recovery procedure is triggered when the UE has sent a NACK for a packet X (having failed to decode it) and the NDI for the next packet Y (received on the same HARQ process as X) is toggled and hence indicates new data. 

In contrast to the earlier proposal, the REV is not sent directly after the UE detects the unexpectedly toggled NDI, but later, as described in the following: 

When receiving a packet Y together with an unexpectedly toggled NDI, the UE replaces – as defined by the normal HARQ protocol without recovery procedure – the soft bits of X, which are still in its soft buffer of this HARQ process, with those of Y, and tries to decode the received new packet Y. If it cannot decode Y, it asks for a retransmission for Y by sending a NACK in the usual way, until it can decode Y. If the UE finally succeeds in decoding Y, it sends a REV instead of ACK. The REV is defined to both acknowledge the successful decoding of Y and, in addition, indicate to the Node B that the UE has perceived a N>A- misinterpretation and would like the Node B to retransmit X, i.e. the packet, which Node B actually sent immediately before Y on the considered HARQ process. Thus the REV gives a further opportunity to recover the packet X which would otherwise have been lost due to a N>A-misinterpretation at the Node B. 

It must be noted, however, that there is in fact another scenario, in which the UE would perceive that a N>A-misinterpretation had occurred, also if the the Node B had correctly understood the UE’s NACK in relation to packet X, but had decided nonetheless to abort transmission of that PDU. The Node B would choose to abort a PDU if, for example, a maximum number of retransmissions was exceeded. Any error recovery procedure must not prevent such an “abortion”.

With the above described modified recovery procedure with the REV signal also expressing an ACK, it is possible to maintain the abortion functionality. - An abortion would be done as follows: If the Node B in fact wanted to abort transmission of X, it would not retransmit X after receiving the REV, but would continue with the next packet Z to be sent after Y. Z would be just as acceptable to the UE as a retransmission of X, since both would be sent with a toggled NDI with respect to the NDI used for the transmission of Y and any retransmissions for Y. 


Fig. 1 shows the usage of the REV signal in detail. Packets are identified by their TSN. TSN11’ means a retransmission for the packet that was assigned TSN11. This retransmission could be an identical copy of the packet with TSN11, or self-decodable or non-self-decodable redundancy for this packet. Note that the REV is interpreted by the Node B as follows for a given HARQ process: “Retransmit the packet which was actually sent before the packet (here TSN11) for which the REV was received (and for which the REV indicated successful decoding)” – i.e. in this example retransmit TSN10. 

As follows from the definition of the error recovery procedure explained so far, both self-decodable and non-self-decodable retransmission schemes can be applied with the procedure.

2.1 Additional error cases

Due to the additional option of transmitting REV, additional potential error cases are introduced:
 Misinterpretation of an ACK as a REV (A>R), of a NACK as a REV (N>R), of a REV as a NACK (R>N), and of a REV as an ACK (R>A). The first three of these new error cases merely result in unnecessary retransmissions of a packet:

A>R: Causes an unnecessary retransmission for the packet that was sent before the one, for which the misinterpreted ACK was sent.

N>R: Has two implications. Firstly, this causes an unnecessary retransmission for the packet, that was sent before the one, for which the misinterpreted NACK was sent. Secondly, it results in an unexpected NDI, so that the UE would initiate a real recovery procedure (i.e. actually send a REV) for the packet for which it sent the NACK which was misinterpreted as a REV (see Fig. 2).
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R>N: Causes an unnecessary retransmission for the packet, for which the REV indicated successful decoding. 

The only error case which can result in the loss of a packet is R>A, whereby the packet which the REV asked  to be retransmitted is finally lost. Thus there remains a finite risk of packet loss, but the probability of this occurring is much lower than without the option to transmit a REV, because the REV is only sent, after a N>A-misinterpretation is detected by the UE, i.e. P(MAC-hs PDU loss because of feedback error) = P(N>A) · P(R>A).

2.2 Assessment

The error recovery procedure first provides to the NodeB an indication that the UE perceived a N>A-misinterpretation on a given HARQ process. 

Based on this indication, the NodeB can take further actions, i.e. it can retransmit the data packet Y, which the UE is missing, or it can continue with sending a new packet, which would then mean that the transmission of Y is actually aborted. 

Compared with the other possibilities of modifying the HS-DPCCH, e.g. adding pilot bits, this mechanism is very simple, since it does not change the HS-DPCCH slot formats. In addition, it allows for assessing the Uplink channel conditions in the sense of a quality measurement. If the uplink channel conditions are bad, i.e. frequent N>A-misinterpretations have to be faced, Node B would have to choose a more robust MCS (modulation and coding scheme) such that retransmissions for the MAC-hs PDUs are very rare, so that also MAC-hs PDU loss (due to N>A-misinterpretations) becomes sufficiently rare.

3. Proposal

It is propsed to consider the error recovery procedure together with the other proposed schemes for improving the reliability of the HS-DPCCH, if there is an intention to increase the reliability of the HS-DPCCH for Rel-6 or later releases.
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Figure 1:  Normal operation of the Error Recovery Protocol.
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Figure 2: Behaviour in case of a N>R misinterpretation. Due to the N>R misinterpretation, the packet with TSN9 is unnecessarily retransmitted, but the subsequent REV then causes the packet with TSN10 to be transmitted again so it is not lost.
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