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1 Introduction

This document discusses the issue of Layer1/2 HARQ / RLC layer ARQ interactions at the receiver for uplink and downlink operation. Due to the co-location of the HARQ and ARQ functions, HARQ/ARQ performance and efficiency can be improved, whilst complexity reduced. Many schemes have been proposed for the operation of the ARQ and HARQ schemes, relying on error detection in the HARQ function to trigger ARQ level retransmission. This error detection can either be through the reception of a new transmission instead of a re-transmission or be by means of timers started for each expected PDU, or the combination of both sequence numbers and timers. 

2 Potential gains from HARQ-ARQ Interactions

The main benefits already identified for a unified design for HARQ-ARQ are:

· Reduction in RLC ACK status reporting

· Early detection and correction of L1/2 HARQ residual errors

· Simplified MAC layer operation in cases when in-sequence delivery is not required by RLC layer

Some design principles:

· L1/2 HARQ alone cannot provide lossless transmission because it is too costly to reduce residual HARQ error rate to zero.

· Even RLC does not need to provide perfect reliability in all cases, thus the complexity of the current RLC may not be required.

3 Layer 1/2 ACK to NACK and NACK to ACK errors

As already discussed in [1], for E-UTRAN the impact of ACK to NACK errors is different from their impact in WCDMA. In the case of WCDMA an ACK to NACK error will generally result in one useless transmission, leading to a small reduction in data throughput. However, for the E‑UTRAN UL, the resources are orthogonal, so the eNB would generally re-assign the resource used by the UE to another UE after sending an ACK; if this is done, then after an ACK to NACK error it is possible that the UE will send a re-transmission using the same resource as has already been allocated to another UE. The result would be a collision. This could be avoided by either not re-allocating the radio resource until the eNB is sure that the UE will not require it, or by the UE detecting the ACK to NACK error and aborting the re-transmission. This abortion of the re-transmission will require additional L1/L2 control signalling.

As indicated in [2], when a downlink NACK to ACK error occurs the eNB has no way to detect this error and could also re-assign the resource to the same or another UE. At the HARQ layer the NACK to ACK error could be detected by the use of local gap detection [3], or by receiving an indication of whether a transmission is a new transmission or a re-transmission. Then the receiver could flush the HARQ buffer and either send an explicit outer NACK (MAC control PDU) to the eNB or a L1 control signal indicating that a particular process has failed. 

If NACK to ACK errors for last or isolated PDUs are significant then they could be corrected by either sending dummy bit(s) after the PDUs or by using a PDU timer mechanism where for a particular type of data flow a timer is associated with every PDU, to ensure that successful delivery occurs. 

4 Conclusions

In order to maximise the re-use of radio resources in the uplink and downlink and allow fast scheduling of radio resource blocks it is clear that both ACK to NACK and NACK to ACK errors need to be detected and reported. This reporting can be achieved by the use of L1 control signalling or MAC control PDUs. 
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