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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 in practice regardless of the size of the HS-DPCCH power offset, as increasing the power of the HS-DPCCH does not generally improve the accuracy of the channel phase estimate. 

In this paper we examine the effect of increasing the power of the DPCCH to provide a better channel estimation during ACK/NACK transmissions on the HS-DPCCH.

2. Simulation Assumptions

In the simulations presented here, we assume that the Node B performs channel estimation for the HS-DPCCH using 6 pilot bits on the UL DPCCH. 

Under some conditions (e.g low speeds) it might be possible to combine pilot bits from adjacent slots and obtain a more reliable channel estimate. However at high speeds (from about 20km/h upwards) the channel changes too rapidly for any useful benefit to be obtained from combining channel estimates from adjacent slots. At even higher speeds (above 80km/h), some interpolation between the slot-by-slot channel estimates would probably be desirable. 

Therefore the assumption of using 6 pilot bits for the channel estimation seems reasonable.

No antenna diversity was assumed at the Node B.

The UL DPCCH power offsets are relative to the DPCCH power required to give an error rate on the UL TPC commands of 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: 

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

3. Simulation results

These results were obtained using a dynamic threshold at the receiver set according to the channel estimate. The scaling of the threshold was chosen to minimise the ACK power while still meeting the required DTX to ACK error rate.

3.1  ACK

Figure 1 shows the effect of increasing the UL DPCCH power on the HS-DPCCH power required to achieve the ACK error rate of 10-2.

The vertical axis shows the HS-DPCCH power relative to the “normal” UL DPCCH power (i.e. before any increase in DPCCH power is applied).
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Figure 1:  Effect of DPCCH power offset on HS-DPCCH ACK power requirement

It can be seen from Figure 1 that an increase in the DPCCH power significantly reduces the power required for the ACK messages on the HS-DPCCH. However, as the UE speed increases, the size of the DPCCH power-increase increases.

The maximum DPCCH power increase which gives any useful benefit for the ACK messages is about 9dB.

In the absence of other considerations it is likely that it would generally be preferable to set the HS-DPCCH power to be approximately the same as the DPCCH power. If we consider as an example the case of equal power levels, then the requirement for ACK to NACK error rate can be met by increasing DPCCH power by about 3 – 9dB above its normal level.

3.2   NACK

Figure 2 shows the effect of increasing the UL DPCCH power on the HS-DPCCH power required to achieve the NACK error rate of 10-4.
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Figure 2:  Effect of DPCCH power offset on HS-DPCCH NACK power requirement

In the case of the NACK messages, it is evident from Figure 2 that again some benefit can be achieved by increasing the DPCCH power to improve the channel estimation. The results presented show that more power is needed as the speed increases. At higher speeds than 10km/hr the NACK power will not be less than the ACK power given in Figure 1

4.  Discussion

Although the size of the required power increases for DPCCH and HS-DPCCH messages may seem significant, this can be largely explained by the fact that as the UE speed increases the radio channel effectively becomes less Gaussian and more Rayleigh. Annex B shows the theoretical error rate curves for Gaussian and Rayleigh channels, where it can be seen that approximately 25dB more Eb/No is required to achieve an error rate of 10-4 in a Rayleigh channel than in a Gaussian channel. 

Therefore raising DPCCH and HS-DPCCH power seems not to be a sufficient solution to the peak power requirement problem for the ACK/NACK messages. 

5.  Conclusions
We conclude that increasing the DPCCH power, and hence increasing the pilot power, gives a useful benefit in terms of the error rates which are achievable for the ACK/NACK messages, and the power requirements for the HS-DPCCH.

The DPCCH power would need to increased by up to about 9 or 10dB to meet the ACK error rate requirement at high speeds. More than that may be needed to simultaneously meet the NACK error rate requirement. Therefore we suggest that some further means may be desirable to achieve the NACK error rate requirement without high power levels.

Currently, the DPCCH power can be increased using existing signalling to alter the SIR target used for closed loop power control in the Node B. However, as has been shown, the desired power increase could be significant, even to meet only the ACK error rate requirements.

To minimise the resulting interference we propose that a DPCCH power offset could be applied only for as long as the HS-DPCCH is active, or only during the transmission of ACK/NACK messages. As this temporary DPCCH power increase could be large, it would certainly be preferable to restrict the increases to slots which overlap transmission of ACK/NACK messages on the HS-DPCCH.

A CR to implement such temporary DPCCH power offsets during ACK/NACK messages is given in [2].

Assuming that a solution is also found to meet the NACK error rate requirement, suitable values of the DPCCH power offsets would be 0, 3, 6, 9 dB, which would be signalled by higher layers (requiring 2 signalling bits). It does not seem beneficial to use finer resolution of DPCCH offsets. 

It should be noted that the above conclusions relate primarily to the non-soft handover case. In soft handover it might be preferable to raise the DPCCH power on a long-term basis by adjusting the SIR target. This could of course be combined with a short-term increase during ACK/NACK transmission.
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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

Annex B – Theoretical comparison of Rayleigh and Gaussian channels
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