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1. Introduction

Simulation results were presented in [1] showing the effect of realistic channel estimation (using the UL DPCCH pilot bits) on the decoding of the ACK/NACK messages on the HS-DPCCH.

It was shown that the performance requirements for ACK/NACK signalling can usually not be met by increasing the HS-DPCCH power offset, as increasing the power of the HS-DPCCH alone does not generally improve the accuracy of the channel phase estimate. 

[1] also showed how differential coding of the ACK/NACK messages can help to reduce the error rate on the ACK/NACK messages by reducing the reliance on the DPCCH pilot bits for channel estimation. 

In this paper we present further simulation results for different methods of differentially encoding the ACK/NACK messages. 

2. Simulation Assumptions and Results

We examine the error rates for ACK/NACK messages encoded differentially as follows:

ACK:  

1 1 1 1 1 1 1 1 1 1

NACK:

1 0 1 0 1 0 1 0 1 0

In these simulations a correlator detector is used with no reference to the channel phase estimated from the DPCCH pilot bits. 

Other simulation assumptions are as in previous contributions and details are given in Annex A.

The HS-DPCCH transmit power is as usual set to give the following error rates: 

ACK->NACK error rate < 10-2
NACK->ACK error rate < 10-4

In addition, a threshold is set for the received ACK/NACK signal power, below which the message is decoded as a NACK regardless of the decision of the correlator detector. The position of the threshold is set so as to give the DTX->ACK error rate less than 10-2, at the same time as minimising the power needed for the ACK.

The resulting ACK/NACK power requirements are shown in Figure 1 relative to a normal UL DPCCH with 4% TPC error rate. 
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Figure 1:  Comparison of ACK/NACK power requirements using repetition coding and differential coding

It can be seen from Figure 1 that the differential coding makes little difference to the ACK/NACK power requirements at low speeds. It might be expected that the differential coding would cause the power requirement to increase due to the reduced distance between the codewords. However, in practice the offset threshold to meet the DTX->ACK error rate requirement has more effect on the required power than the inter-codeword distance (as explained in [2]), with the result that the power requirements are similar. 

At higher speeds, the benefit of not being dependent on the DPCCH pilot bits for channel estimation becomes much more evident.

The ACK power with differential coding is less than 10dB greater than the normal DPCCH power. With the NACK messages, although the differential coding makes it possible to achieve the performance requirement, the power offsets required can be very large.

Another mechanism for reducing the required ACK/NACK power is described in [3], namely increasing the DPCCH power to improve the channel estimation accuracy. 

As discussed in [1], one way to reduce the NACK power requirement is to relax the performance requirement. However, this requirement is necessary in order to avoid significant numbers of higher-layer retransmissions occurring as a result of the Node B wrongly detecting NACKs as ACKs.

Therefore this requirement can only be relaxed if a recovery mechanism is available to give the UE another chance to request a retransmission of packets for which the NACK has been misinterpreted, without needing a higher-layer retransmission. 

As described in [4], [5] and [1], this can be achieved by allowing a "Revert" (REV) message to be transmitted as a third codeword in the ACK/NACK field. A relaxed NACK error rate can then be tolerated, because the UE can use the REV message to give the Node B another chance to retransmit packets at the physical layer. 

Figure 2 shows the power requirements for the NACK and REV messages, coded as follows:


ACK:

1 1 1 1 1 1 1 1 1 1


NACK:

1 0 1 0 1 0 1 0 1 0


REV:

0 0 0 0 0 0 0 0 0 0

With this scheme, the residual rate of loss of packets (which may occur if a NACK is misinterpreted as an ACK and the subsequent REV is misinterpreted as an ACK) can be kept far below 10-4 with very little NACK/REV power. Therefore for the results in Figure 2 we instead set a requirement that the probability of having to use REV twice in succession for a single packet is less than 6 x 10-6. This in practice corresponds to a residual packet loss rate of around 10-6 to 10-7.

Results are also shown in Figure 3 for a probability of needing the REV message twice in succession for a single packet equal to 10-4.

A detailed analysis of the possible error cases with the REV message and how they would be handled is given in [4].
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Figure 2:  NACK/REV power required for P(NACK->ACK) x P( REV->NACK) < 6E-6
The ACK power requirement with the 3 codewords is shown in Figure 3. Figure 3 also shows how the ACK power requirement can be reduced by applying an offset to the DPCCH power. 
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Figure 3:  ACK power requirement with REV command

5.  Conclusions

The results presented here show that the error rate requirement for NACK messages can be reduced to about 10-2 if a Revert message is provided to enable packets to be recovered without the need for higher-layer retransmissions. 

The resulting residual packet loss rate can be kept as low as 10-6 with transmit power of the NACK and REV messages only a few dB greater than for the R99 DPCCH.

CRs showing how the differentially-coded ACK/NACK and REV messages can be incorporated into the specifications is contained in [5].

In conjunction with this, a small offset (3 – 6 dB) can be applied to the DPCCH to reduce the power required for the ACK messages.
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Annex A – Simulation Assumptions

2GHz carrier frequency

Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing

4% error rate (AWGN) on DL TPC commands

UL channel estimation and SIR estimation based on 6 DPCCH pilot bits

UL power control step size 1dB, algorithm 1

UL SF 256

Interference in UL modelled as AWGN

Soft combining of 10 ACK/NACK field bits
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