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1. Introduction

This contribution is a resubmission of R2-060017.

It has been decided to support both Upper ARQ functionality and lower layer HARQ within the LTE Architecture. In this contribution we look at some possibilities for the operation of the combined Upper ARQ and lower HARQ layers. 

In general, the delay associated with HARQ retransmissions would be expected to be significantly less than the delay associated with Upper ARQ retransmissions, even if the Upper ARQ layer were to be located in the e-NodeB. 

As it is important to minimise RTT for LTE, it therefore seems preferable to rely as little as possible on the Upper ARQ, and to optimise the design of the lower HARQ operation. Especially for delay-critical services, the lower HARQ should be as robust as possible, including the ability to detect error cases and recover from them.

In [1], residual HARQ error detection is 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

When looking at the HARQ error cases, we assume that the uplink and downlink error rates should be roughly equivalent. 

We do not consider here the case of ACK being misinterpreted as NACK, as this does not cause any residual HARQ error.

2.1 NACK is misinterpreted as ACK

A NACK to ACK error would mean that the transmitting side would assume a packet was sent successfully although it was not. The transmitting side would carry on with the transmission of a new PDU. 

The effect of this error case can be minimised either by improving the reliability of the NACK signal so the probability of errors occurring is negligible, or by detecting the errors and recovering from them at the HARQ level. As NACKs will always be sent more often than any signalling for recovery from NACK->ACK error, it will be more efficient to provide a recovery mechanism than to improve the NACK reliability. 

The receiver can detect that the received transmission is not the expected retransmission, typically by means of a sequence number or new-data indicator. The receiver in this case should be able to signal that a retransmission of the missing PDU is required, as suggested in [2]. 

2.2 DTX is misinterpreted as ACK

We assume that in LTE (as in HSDPA/HSUPA) the receiver would use DTX if no packet was detected, as it is inefficient to transmit NACK continually. Therefore, if the receiving side fails to detect the transmission of a packet, a DTX->ACK misinterpretation may occur. The consequences of this error case are the same as the NACK->ACK error case detailed above. 

In LTE, a mechanism should therefore be provided to detect and recover from this error case at the HARQ level. A possible example based on sequence numbers is given in [1]. Further study needs to be carried out regarding the use of sequence numbers and/or new-data indicators, and the number of bits required for these in order to give optimal performance. 

2.3 Max number of HARQ retransmissions is reached

In principle, performing continued retransmissions at the HARQ level should enable any packet to be successfully received eventually. 

However, in some cases buffer corruption may occur in the receiver (e.g. if the receiver failed to flush its buffer at the correct time), resulting in a very large number of retransmissions being required before the packet can be successfully decoded. 

Another case to consider is when the radio channel conditions have worsened significantly since the initial scheduling of the packet, such that it would be more efficient to re-segment the PDU into smaller blocks than to continue trying to transmit the complete packet. 

In such cases, it may be helpful to provide a mechanism for flushing the buffer at the receiving side before proceeding, in order to enable the HARQ level to recover the packet without requiring a higher-layer ARQ retransmission. 

3. Conclusion

In order to provide efficient support for delay-sensitive services in LTE, fast recovery mechanisms should be provided within the HARQ layer 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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5. Text proposal for TR25.813

-- Start of text proposal -- 

6
ARQ and HARQ

E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at Layer 1. The HARQ functionality includes residual error detection and recovery mechanisms, in order to reduce residual HARQ BLER.

Note:
This section will describe the characteristics of HARQ (e.g. interaction between layer 1 and 2) and ARQ (e.g. whether it operates on SDUs or segmented SDUs).

-- End of text proposal -- 

