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Discussion & Decision
1 Introduction

In the latest version of TR25.813, it has been agreed that ARQ shall take information on transmission / reception status of a transport block (TB) signalled by HARQ to speed up the ARQ retransmission. Though many types of error may occur during a HARQ procedure, only some of them need local NACKs [1] to trigger the ARQ retransmission. Toward this end, HARQ shall detect and identify all types of error as much as possible and unambiguously to prevent any unnecessary local NACK sent to outer ARQ. In this contribution, all possible error types in HARQ are enumerated and the associated impacts are discussed. Then, an efficient and robust HARQ-ARQ interaction scheme is developed and proposed after identifying ways to avoid unnecessary local NACK transmission.
2 Discussion

In legacy HSDPA [2], three physical channels are used to complete a HARQ procedure:

· a downlink shared channel (HS-PDSCH) used to carry data payload,

· a downlink shared control channel (HS-SCCH) used to carry parameters of channel and protocol associated with HS-PDSCH and

· an uplink dedicated control channel (HS-DPCCH) used to carry HARQ feedback.

In this section, we enumerate all possible types of error and discuss the associated impacts to HARQ procedure in terms of causes that result in transmission error in these three channels due to unreliable wireless transmission.

2.1 Error types in HARQ

<HS-PDSCH> 

· Type-1:
Undetected error in CRC check
As each TB is protected by a 24-bit CRC at ‘HARQ Rx’ site, this kind of error occur whenever a corrupted TB can not be detected by this CRC check. The lost packet(s) due to this type of error can be recovered only via retransmission done at outer ARQ.

· Type-2:
Error due to maximum number of retransmission is reached
‘HARQTx’ gives up process on TB if the maximum number of retransmissions for HARQ is reached but no ACK is received. Packet retransmission is necessary via outer ARQ to recover the lost packet due to this error.

<HS-SCCH> 

· Type-3:
DTX→ACK error
If a 16-bit CRC error in HS-SCCH is detected at ‘HARQ Rx’ site, ‘HARQ Rx’ will not send out response to ‘HARQ Tx’ (DTX). Under such circumstances, DTX→ACK error might occur if DTX is misinterpreted as an ACK. Packet retransmission is necessary via outer ARQ to recover the lost packet due to this error.

· Type-4:
New data indicator (NDI) misinterpretation
NDI is employed to distinguish successive packets by toggle switching the corresponding value between 1 and 0. This type of error impacts reliability in the following way. Once it is sensed to have been toggled, ‘HARQ Rx’ overwrites the previously stored data in the local soft buffer by the received packet. In this case, NDI misinterpretation might occur at ‘HARQ Rx’ site and some previously received redundancy versions (RVs) associated with the packet under processing stored in the soft buffer will be flushed and got lost.

· Type-5:
Other parameter misinterpretation in HARQ
Packet loss might be due to misinterpretation of parameters other than NDI. (Typical examples are detection errors during RV or process ID identification. The former will not initiate any unnecessary ARQ retransmission.) Further impacts due to this type of error shall be identified but are left FFS. Packet retransmission is necessary via outer ARQ to recover the lost packet due to this type of error.

<HS-DPCCH> 

· Type-6:
NACK→ACK error
In this case, NACK is misinterpreted as an ACK at ‘HARQ Tx’ site. ‘HARQ Tx’ will flush the transmission buffer and then deliever a new packet, resulting packet loss due to this error. Packet retransmission is necessary via outer ARQ to recover the lost packet due to this error.

· Type-7:
ACK→NACK error
If ACK is misinterpreted as a NACK, ‘HARQ Tx’ retransmits and ‘HARQ Rx’ receives the same packet again. In this case, packet loss does not occur but the resulting redundant retransmission and duplicate packets may deteriorate the performance of HARQ procedure.

2.2 HARQ error detection 

It is expected that HARQ shall detect all types of error unambiguously in order to prevent unnecessary local NACKs sent to outer ARQ. Previous contributions considered error Type-1 ~ Type-3 and Type-6 ~ Type-7. However, NDI misinterpretation described in Type-4 is not treated and taken into account. This section discusses its impacts and identifies ways to prevent unnecessary local NACK transmission.

As Type-4 NDI misinterpretation results in loss of previous RVs associated with the packet under processing, fewer available RVs will be taken into decoding process. Therefore, it impacts only to reliability rather than packet loss.

In the scheme described in [3], ‘HARQ Rx’ cannot distinguish Type-4 NDI misinterpretation from Type-6 NACK→ACK error as illustrated in Figure 1. 
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Figure 1: Two ambiguous error types observed at ‘HARQ Rx’ site

(a) Type-6: NACK→ACK error and (b) Type-4: NDI misinterpretation.
3 An efficient error detection scheme in HARQ
Based on the above discussions, an efficient and robust HARQ-ARQ interaction scheme is proposed and detailed below. In the proposed scheme, unnecessary local NACKs can be successfully avoided.
4 Conclusions
In a HARQ-ARQ interaction scheme, local NACK shall not be sent unless necessary in order to improve efficiency. This can be achieved by identifying types of error at HARQ level and properly acting before interacting with outer ARQ. In this contribution, a proposal to achieve this target has been made.

It is proposed to discuss the error cases mentioned in Section 2.1, agree with concepts described in Section 2.2 and then put Section 3 in TR25.813.
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