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1. Introduction

Many companies have now simulated the performance of the HSDPA ACK/NACK signalling on the HS-DPCCH.

An important issue affecting the performance is the type of decision threshold used to decide between ACK and NACK.

The following performance requirements are used:

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

For simplicity, we consider here  biorthogonally-coded ACK and NACK codewords:


ACK: 

1 1 1 1 1 1 1 1 1 1


NACK:

0 0 0 0 0 0 0 0 0 0

The DTX condition requires DTX to be detected as NACK, with an error rate of 10-2. This implies that the ACK/NACK decision threshold must be offset towards the ACK. 

One way of doing this is to fix the decision threshold at a position determined by the standard deviation of the AWGN which is present in the DTX case.

The necessary ACK power can then be determined from the position of the threshold and the required ACK‑>NACK error rate.

However, in a fading channel, a decision threshold fixed in this way can result in an unnecessarily-high ACK power requirement. This is because whenever the channel fades sufficiently, the received ACK signal is guaranteed to be below the decision threshold (unless the AWGN happens to correct it!). This is illustrated in Figure 1.
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Figure 1:  ACK decoding errors in fading channel with fixed decision threshold

An alternative method of positioning the decision threshold is to allow it to move depending on the current received signal strength (as determined from the pilot bits for example).

This can be achieved by multiplying the value of the decision threshold by the estimated received signal amplitude:  Thresholdnew = Thresholdfixed x estimated_signal_amplitude.

However, using this formula means that when the channel is in a fade, the DTX->ACK error rate will increase. Conversely, when the received signal amplitude is high, the DTX->ACK error rate will decrease. These two effects may not balance out, so it is also necessary to multiply the threshold by a normalising constant, (, in order to keep the average DTX->ACK error rate equal to 10-2:

Thresholdnew =  ( x Thresholdfixed x estimated_signal_amplitude.

This dynamically-adjusted threshold depending on the channel estimate is illustrated in Figure 2.
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Figure 2:  Decision threshold adjusted according to estimated received signal amplitude

It can easily be verified that this method of threshold-setting results in a much lower ACK power requirement to meet the ACK->NACK error requirement than when a fixed threshold is used, while still meeting the DTX‑>ACK error requirement. 

However, the dynamic threshold method also has the side-effect of increasing the NACK power requirement in order to meet the NACK->ACK error requirement. 

Simulation results are given below, for the case of a 30km/h Pedestrian A channel with 4% TPC errors and ideal channel estimation:

Fixed threshold method

ACK Eb/No required:
17.4dB

NACK Eb/No required:
-13.0dB

Dynamic threshold method

ACK Eb/No required:
3.9dB

NACK Eb/No required:
9.0dB

The ACK power remains significantly lower in the dynamic-threshold case even in the presence of typical channel estimation errors. 

In order to optimise the peak ACK/NACK power, the normalising constant ( in the dynamic-threshold case can be increased slightly, pushing the required ACK power up, but reducing the required NACK power, until the required ACK and NACK powers are equal. 

In the case simulated above, the ACK and NACK powers become equal at about 5.5dB as the value of ( is increased.

Conclusions

The simulation results presented in our papers such as [1] use the dynamic threshold-scaling method described above to find the minimum possible ACK power while meeting both the DTX->ACK and the ACK‑>NACK error requirements. However, the normalising constant ( is not raised to equalise the ACK and NACK powers. 

Consequently, if the peak ACK/NACK power is to be minimised, both the ACK and NACK messages would be transmitted with a power level even higher than the ACK power requirements presented in [1]. 

Therefore, when considering schemes to reduce the peak power of the ACK/NACK messages, the NACK power is just as significant a problem as the ACK power. 
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Received amplitude of ACK signal after transmitting through fading channel and MRC







time












