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1. Introduction

The Enhanced Uplink will in many cases be configured together with the HS-DSCH as a downlink transport channel. In this case, the HS-DSCH would usually be used to carry Status Reports of AM Radio Bearers mapped to the Enhanced Uplink. In contrast to Radio Bearers mapped to R99 channels, where it is possible to send RLC Control PDUs with stronger FEC, the reliability of RLC Control PDU transmission via the HS-DSCH is the same as for RLC Data PDUs.

In particular, the rate of PDU loss arising from NACK->ACK misinterpretations on the HS-DPCCH would not be any better for the Control PDUs than for the Data PDUs.  

In this context, the Error Recovery Procedure (for the HARQ protocol) working with a 1-bit-NDI (which was described in detail in [1]) can be useful to provide the necessary reliability for Control PDUs transmitted on the HS-DSCH to support the Enhanced Uplink.

It is therefore proposed to add the following text to section 11 of 25.896:

2. Reference

[1] R2-032422 “Error Recovery Procedure for the HARQ Protocol working with a 1-bit NDI”, Philips, RAN2#39

Text Proposal for TR25.896:

__________________________________________________________________________________________________

11
Impacts to L2/L3 Protocols

[…]

11.x
AM Radio Bearers mapped to the Enhanced Uplink with the HS-DSCH as downlink transport channel

The Enhanced uplink will in many cases be configured together with the HS-DSCH as downlink transport channel. In this case, usually the HS-DSCH will be used to carry Status Reports of AM Radio Bearers mapped to the Enhanced Uplink. In contrast to Radio Bearers mapped to R99 channels, where it is possible to send RLC Control PDUs with stronger FEC, the reliability of RLC Control PDU transmission via the HS-DSCH is the same as for RLC Data PDUs. 
MAC-hs PDU loss can arise from two causes: 

a) A NACK>ACK-misinterpretation happens (on the HS-DPCCH), so that the scheduler does not send the requested retransmission

b) The scheduler decides to abort transmission of a MAC-hs PDU, e.g. because a maximum number of retransmissions has been reached or if 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.

The Node B is unaware of MAC-hs PDU loss if a NACK-to-ACK-(N>A)-misinterpretation happens. In soft handover scenarios, it is difficult to achieve a reliability of 10-3 for N>A- misinterpretations. 

A L2 mechanism to improve the MAC-hs PDU transmission reliability is provided by the Uplink Feedback Error Recovery Procedure. 

11.x.y Uplink Feedback Error Recovery Procedure

In the Uplink Feedback Error Recovery Procedure, the UE can send via the HS-DPCCH, in addition to the ACK and NACK,  a Revert (REV) signal 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. 

When receiving a packet Y together with an unexpectedly toggled NDI, the UE replaces – as defined by the normal HARQ protocol without the 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 the 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. 

The UE cannot distinguish between whether the Node B wants to abort a MAC-hs PDU transmission or whether a NACK-to-ACK-misinterpretation happens. Nevertheless, abortion can be done as follows: If the Node B 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. 
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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 above, both self-decodable and non-self-decodable retransmission schemes can be applied together with the procedure.

11.x.y.z. 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).

R>N: Causes an unnecessary retransmission for the packet for which the REV indicated successful decoding. 
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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).

-- End of Text Proposal for TR25.896 --
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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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Figure 1:  Normal operation of the Error Recovery Protocol.
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