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1
Introduction

This paper discusses the issue of ARQ and HARQ in the LTE system. The architecture assumed is one where there is no anchor node that contains layer 2 functions within E-UTRAN other than Node B. It is further assumed that uplink macro diversity is not used.

2
Discussion

2.1 Residual Error Rates required of the HARQ process

Excluding handover situations data, loss in LTE will be dependent upon the HARQ mechanism adopted together with any outer loop retransmission mechanisms that it is decided to include within the Node B. The methods that might be used are not discussed here.

For the TCP protocol, which could be viewed as providing the main means of transfer for interactive and background data, there is an integral retransmission capability and this could be viewed as enabling a reduction in the requirements placed on the air interface. Because there are a number of TCP implementation options it is quite difficult to draw a general conclusion regarding target residual error rates, however, for the relatively simple Reno implementation it is possible to make some conclusion. 

The maximum achievable throughput increases approximately linearly with packet size, decreases linearly with increased round trip delay and is inversely proportional to square root of the TCP packet loss probability, pe, so that the maximum throughput by a factor of 3.1 for each order of magnitude reduction in the packet error rate. The following table indicates predicted throughputs for a 1kbyte packet size:

	pe
	RTT = 100ms
	RTT = 50ms

	0.01
	0.96 Mbps
	1.9 Mbps

	0.001
	3.1
	6.2

	0.0001
	9.6
	 19.2

	0.00001
	     31.0
	 62.0


Table 1: Achievable TCP data rates 

It is suggested that where high data rates are to be achieved across the LTE air interface residual packet error probabilities of 1.10-4 or 1.10-5 are necessary and because each packet may take several transport blocks to transmit, a rate of 1.10-5 or 1.10-6 may be needed at the transport block level.

Achievement of these rates will depend upon repetitive transmission at the HARQ layer. A previous weakness in achieving low residual error rates has been the potential for Ack/Nack reporting error. 
It is for RAN1 to identify if the necessary error rates can be economically achieved using layer 1 encoding but if layer 1 cannot achieve the required residual error probability then a candidate outer loop recovery mechanism could be provided at the transport block level.

The receiver can detect the Ack/Nack error, or HARQ delivery failure and re-request transmission of the falsely acknowledged transport block. It is suggested that this procedure could be faster than retransmission at the PDU level and simpler to implement.  Consequently it is proposed that this form of solution should be considered as potentially more useful than retransmission at the PDU level in an RLC like entity.

It should be noted that any outer loop ARQ should be designed specifically for the LTE, rather than imported from legacy UTRAN since the RLC in UTRAN was originally designed for a system without HARQ, and could be considered a bit "heavyweight" for the purpose of catching HARQ errors.

3. Conclusions

As has been shown above, the maximum performance of TCP is very much dependent on the loss provided over the air interface, and two options are available for providing an acceptable packet loss; improved HARQ performance or an outer loop ARQ.  
Since the HARQ target error rate and nack to ack ratio is part of the work of RAN1, it is suggested that RAN2 ask RAN1 whether the error rates shown in the table above are considered achievable in an efficient manner by RAN1, and if not then consideration should be given to an outer loop ARQ, although much simplified from the legacy RLC.
