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1. Introduction

It has been decided that for HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception status of a transport block. In this contribution we look at some possibilities for the operation of the combined ARQ and lower HARQ layers. 

In [1], residual HARQ error detection was discussed. For HSDPA the residual HARQ errors are detected at the RLC layer as a result of the gaps in the HARQ re-ordering buffers. It is suggested that for LTE it would be better to detect the residual HARQ errors earlier, i.e. at the lower HARQ layer, so as to reduce the Upper ARQ retransmission delays.  

2. HARQ Residual error cases

As discussed in [2] there are three main sources of HARQ residual errors:

· NACK is misinterpreted as ACK

· DTX is misinterpreted as ACK

· Max number of HARQ retransmissions is reached

In the first two cases the receiver can detect by the means of a sequence number or unexpected NDI that an error has occurred and should be able to signal the retransmission of the missing PDU.  In the third case it may be helpful to provide a mechanism to flush the receive buffer before proceeding in order to enable HARQ level PDU recovery.

3. Residual error detection and recovery

When a NACK is misinterpreted as ACK, the receiving HARQ entity receives an unexpected toggled NDI bit (or reset sequence number). This information can be signalled back to the transmitting HARQ entity for error recovery.

As discussed in [3], there may be a problem of detection of HARQ errors for last PDUs of a data burst or isolated PDUs after which no other traffic is received, as no incorrect sequence number or NDI will be received. For these error cases, either an ARQ retransmission will be required, or the missing PDU can still be detected at HARQ level by the use of a timer mechanism as currently used for HSDPA. 

3.1 Downlink

Assuming that synchronous retransmissions with adaptive transmission parameters are supported in the downlink, then NACK-> ACK error detection is always possible, even for the last packet in a burst, as the receiver always knows the time when the retransmission is expected. However the current assumption [4] is that asynchronous retransmission will be used in the downlink, with synchronous schemes as FFS.  If asynchronous re-transmissions are used then a timer mechanism can be used in for the HARQ PDU re-ordering which can still allow the signalling of residual HARQ errors. 

3.2 Uplink

Assuming that HARQ is based on synchronous retransmissions in the uplink [4], then in this case NACK-> ACK error detection is always possible even for last or isolated RLC PDUs.

3.3 HARQ residual error recovery

As suggested in [2] information can be used to signal to the transmitter’s outer ARQ entity (possibly using in-band signalling) that an error recovery procedure is required. This could still reduce the time to recover from errors compared to the current UMTS RLC repeat mechanisms, but would be typically be slower than recovery at the inner HARQ level. Figure 1 shows how when an unexpected NDI toggle is detected then the Outer ARQ can be informed immediately and trigger error recovery by (for example) aborting the current outer ARQ transmission and restarting it. 
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Figure 1 Outer ARQ aided HARQ error recovery
4. Conclusion

In order to provide efficient support for delay-sensitive services in LTE, fast recovery mechanisms should be provided within the HARQ and ARQ layers to minimise reliance on the slower upper-level ARQ retransmissions. 

A text proposal is provided at the end of this document to capture this conclusion in TR25.813. 
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6. Text proposal for TR25.813

-- Start of text proposal -- 

6.3 HARQ/ARQ interactions

In HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception status of a TB e.g.:

-
If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit it is FFS if the relevant transmitting ARQ entities are notified;

-
If the HARQ receiver is able to detect a NACK to ACK error the relevant transmitting ARQ entities are notified via explicit signalling;

-
If the HARQ receiver is able to detect TB transmission failure the receiving ARQ entities are notified.

-- End of text proposal -- 
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