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1. Introduction

The results presented here supplement those given in [1].

2. Simulation Assumptions

In the simulations presented here, we assume that the Node B performs channel estimation for the HS-DPCCH using the pilot bits on the UL DPCCH. The UL DPCCH power is set as in [1] so that the error rate on the UL TPC commands is 4%. 

Detailed simulation assumptions are given in Annex A.

We then find the transmit power offset needed for the HS-DPCCH in order to give the following error rates: 

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

DTX->ACK error rate <10-2
The error rate of the ACK/NACK messages on the HS-DPCCH has a lower-bound which is dictated by the reliability of the channel estimate on the DPCCH pilot bits. When this lower bound is reached, no amount of additional transmit power offset for the HS-DPCCH can reduce the error rate further, as the additional power on the HS-DPCCH does not improve the reliability of the channel estimate. 

3. Simulation results

3.1  Only 1 Node B in active set

Figure 1 shows the minimum achievable error rate for the 10-bit ACK/NACK messages for a range of UE speeds, when different amounts of DPCCH pilot energy are available for obtaining the channel estimate. The first case uses 6 pilot bits per slot, with the DPCCH power set as described in section 2. The second case assumes that 3 times as much pilot energy is available, for example by applying a 4.8dB power increase to the DPCCH, or using 18 pilot bits over three time slots. In this latter case we assume that the channel is changing slowly enough that the changes are not significant over the three slots. Clearly this is reasonable for low speeds but an optimistic assumption at high speeds.

Note that the minimum error rate for NACKs is the same as the minimum error rate for ACKs, as the effect of offsetting the detection threshold from zero becomes negligible as the HS-DPCCH transmit power tends to infinity.
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Figure 1: Minimum achievable error rates on HS-DPCCH for given DPCCH power

It can be seen from Figure 1 that the required error rate of 10-4 for NACKs can never be achieved if the Node B’s channel estimate is based only on the 6 pilot bits from the corresponding DPCCH slot without modifying the DPCCH power. The required error rate for ACKs can be achieved up to about 100km/h. 

Increasing the pilot energy used in each channel estimate by a factor of 3 enables the required NACK error rate to be achieved at speeds up to about 15km/h.

Figure 2 shows the HS-DPCCH power offsets which are required (relative to the DPCCH) to achieve the required error rates (when they are achievable). Even with 3 times as much pilot energy used for the channel estimation, these power offsets are up to 9dB greater than for perfect channel estimation.
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Figure 2:  HS-DPCCH Eb/No requirement with channel estimation errors

3.2  Soft handover with 2 Node Bs in active set

In soft handover, the accuracy of the channel estimates is further deteriorated by the fact that the DPCCH is not well power controlled to the Node B which is active for HSDPA.

The minimum achievable error rates for the ACK/NACK messages on the HS-DPCCH are shown in Figure 3.


[image: image3.wmf]0

20

40

60

80

100

120

1E-3

0.01

 Channel estimation using 6 pilot bits on DPCCH

 DPCCH pilot energy increased by factor 3 (4.8dB)

Min achievable ACK/NACK error rate on HS-DPCCH 

(with infinite power)

UE speed  / km/h


Figure 3: Minimum achievable error rates on HS-DPCCH for given DPCCH power in SHO
4.  Discussion

The results presented above show that the effect of channel estimation errors are significant, even in the case of increasing DPCCH energy by 4.8dB, equivalent to using 18 rather than 6 pilot bits.

5.  References
[1] R1-02-0582, “Effect of channel estimation errors on ACK/NACK signalling”, Philips 

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 SIR estimation error assuming 6 pilot bits

UL power control step size 1dB, algorithm 1

UL SF 256

Interference in UL modelled as AWGN

Perfect phase derotation at BS

Soft combining of 10 ACK/NACK field bits
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