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1 Introduction

The use of physical layer HARQ with incremental redundancy in LTE provides the possibility of adapting the code rate to the channel conditions, and of taking advantage of time diversity (especially for localised frequency-domain scheduling). 

RAN WG2 has agreed that higher-layer ARQ will also be supported, although the termination point for the higher-layer ARQ (eNodeB or Access Gateway) has not yet been determined. 

In this paper we discuss the relationship between the physical-layer HARQ and higher-layer ARQ in the context of satisfying the quality of service requirements, and consider the implications for the HARQ signalling.

2 Discussion

The physical layer HARQ needs to operate in conjunction with the higher-layer ARQ scheme. This joint HARQ/ARQ operation needs to be configurable in such a way as to enable the QoS requirements for the full range of LTE applications to be satisfied. 

The higher-layer ARQ can be used to overcome residual errors from the physical layer HARQ level. Residual errors can arise from:

· Maximum number of retransmissions reached (e.g. due to large changes in channel conditions, or buffer corruption in the receiver);

· NACK signalling errors;

· Failure to detect packet transmission, combined with erroneous ACK detection (i.e. decoding “ACK” in the receiver when nothing was transmitted).

Regardless of the choice of termination point for the higher-layer ARQ, the RTT for the higher-layer ARQ will be greater than the RTT for the HARQ. Depending on the segmentation carried out between the ARQ and HARQ levels, the RTT for the higher-layer ARQ may be too long for low-latency low-BLER applications such as gaming or tele-presence. 

In order to achieve a 10ms user-plane latency, for example, the maximum number of HARQ retransmissions that will be possible with 0.5ms sub-frames is likely to be 3 or 4 depending on assumptions regarding processing time. 

This means that if a signalling error occurs with any of the physical layer transmissions, it will not be possible for some applications to use a longer higher-layer ARQ retransmission at all to recover from an error in the HARQ signalling within the required latency period. 

It is therefore important to ensure that the HARQ signalling is designed so that it can be configured to satisfy the BLER targets of applications such as gaming without recourse to higher-layer ARQ. Two categories of methods may be identified for achieving this:

1. Intrinsic reliability of HARQ signalling, by use of sufficient energy, diversity, coding, etc. This has the advantage of minimising delay, but the disadvantage of being potentially inefficient in terms of transmission energy.

2. HARQ signalling error detection and recovery mechanisms, whereby signalling errors can be detected and suitable retransmissions made at the HARQ level before a gap occurs in the re-ordering buffer in higher layers. For example, the receiver should be able to detect that a negatively-acknowledged packet has not been retransmitted as a result of a NACK signalling error, and make a further request for a retransmission at the HARQ level. 

In conjunction with a reasonable level of intrinsic reliability, error detection/recovery at the HARQ level typically offers more energy-efficient signalling than relying on the intrinsic reliability alone. The delay would be expected to be considerably shorter than a higher-layer retransmission, but longer than if no signalling errors occured in the first place. 

Further study is required to identify the optimum balance between these two methods. 

3 Conclusions and recommendations

It should be possible to configure the HARQ in order to meet BLER requirements for applications with different latencies. So the HARQ should be able to be configured to operate for low-latency applications with the assumption of not requiring any higher-layer ARQ retransmissions. It should also be configurable for use with higher-layer ARQ for other applications which can tolerate longer delay.

The energy-efficiency of the HARQ signalling should be considered with these operating modes in mind. 

As a working assumption, we would propose that the HARQ physical layer ACK/NACK signalling should be designed to support detection of, and recovery from, signalling errors.

A text proposal for the downlink description in TR25.814 is appended to this document. R1-060008 contains a corresponding text proposal for the uplink. 

4 Text Proposal for TR25.814

-- Start of text proposal --

7.1.2.3

HARQ 
Downlink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
HARQ acknowledgement signalling should be designed to operate efficiently in conjunction with higher-layer ARQ, as well as being able to be configured to operate with a sufficiently-low residual error rate to meet BLER requirements when higher-layer retransmissions are not used, for example for low-latency services. The ability to detect errors in the HARQ acknowledgement signalling and to recover from them at the HARQ level is to be considered as a means of optimising the energy requirements for the signalling of HARQ acknowledgements. 
-- End of text proposal --

































































































