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1. Introduction

According to the working assumption detailed in TR25.858, the uplink HSDPA control channel will use SF256 and will include a 10-bit word for ACK/NACK signalling. 

Simulation results were presented in [1] showing the power requirements for the ACK/NACK field in order to achieve acceptable error rates on the ACK/NACK messages. These results showed that a large power offset could be required relative to a Release 99 UL DPCCH.

At the RAN WG1 adhoc on HSDPA in Sophia Antipolis, the following requirements were agreed for the acceptable error rates on the ACK and NACK commands:

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

HI detection failure rate < 10-2

We therefore also use a DTX->ACK error rate <10-2, so that P(HI missed) x P(DTX->ACK) < 10-4.

Here we present further simulation results to show the effect of these unequal error rate requirements on the transmit power. We also present results for the case when the UE is in soft handover. 

Our basic simulation assumptions for the UL HSDPA DPCCH are as in [1] and are given in Annex A.

2. Simulation Results 

In these simulations we assume that the UE uses DTX in the ACK/NACK field when an HI is not detected. The ACK/NACK decision threshold at the Node B is offset to meet the requirement for DTX->ACK error rate <10-2 and to reduce the power required for the NACK. The position of the Node B’s decision threshold is adjusted for each UE speed in order to find the optimum results.

The transmit power which would be required in the ACK/NACK field is identified so as to meet the ACK->NACK and NACK->ACK error rates in the presence of the offset threshold.

It is worth noting that in practice it would be difficult to set the decision threshold accurately for each UE speed, so the power requirements given here should be seen as a minimum. 

Figure 1 shows the transmit power offset for the ACK/NACK field, relative to the power needed for the R99 UL DPCCH, as a function of UE speed. 
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Figure 1: ACK/NACK power requirement relative to R99 UL DPCCH

As it would be difficult to adjust the detection threshold at the Node B accurately with UE speed, it would be necessary for the UE to apply a power offset of around 3 to 4 dB to the ACK/NACK field if the error targets were to be met reliably. 

Figure 2 shows the ACK/NACK power requirements when the R99 UL DPCCH is in soft handover. In these simulations, we assume that 2 Node Bs are in the active set, with approximately equal path losses but independent Rayleigh fading. 
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Figure 2: ACK/NACK power requirement in SHO relative to R99 UL DPCCH

In this case, the UE receives TPC commands from both the Node Bs in the active set, and derives the required UL power change using an “or of the downs” rule weighted by the estimated reliability of the received TPC commands from each Node B, as specified in TS25.214. 

This method ensures that the UL transmit power is limited by the Node B which is receiving the uplink transmissions with the best SIR. However, this Node B may not be the Node B which is serving the UE for HSDPA. This means that the serving Node B for HSDPA will experience deep fades in the uplink signal even at low UE speeds, and this has a significant impact on the reliability of the ACK/NACK messages.

The required ACK/NACK power offset is therefore much higher when the UE is in soft handover. 

The ACK/NACK power requirement is greatest in soft handover at low speeds. This is because the HSDPA experiences severe fading with no time diversity, as the ACK/NACK message length is short relative to the coherence time of the channel at such speeds. At higher speeds, the probability of the whole duration of the ACK/NACK message being subject to a fade is greatly reduced, so the power requirement is lower for the same error rate. 

In practice, the serving Node B for HSDPA would not know how many Node Bs were in the UEs active set. The Node B would therefore have to position its ACK/NACK decision threshold appropriately for soft handover, even when the UE is not in soft handover. 

If the soft handover decision threshold is used when the UE is not in soft handover, the transmit power for the ACK/NACK field is increased above the level of Figure 1, as shown in Figure 3.
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Figure 3: ACK/NACK power requirements using SHO decision threshold

3. Improvements to power requirements 

As the most stringent requirement is on the NACK->ACK error rate, the NACK power requirement can be dominant even when the Node B detection threshold is offset. One way of reducing this power requirement is to introduce an additional codeword to correct the situation when a NACK->ACK error occurs, as described in [1] and [2].

Here we present further simulation results for the second scheme described in [1], whereby the UE can transmit one of the following codewords in the ACK/NACK field:

ACK
1 1 1 1 1 1 1 1 1 1

NACK
1 0 1 0 1 0 1 0 1 0

REVERT (REV)
0 0 0 0 0 0 0 0 0 0

The UE transmits the REV command if it receives a transmission of a new packet (detected by the sequence number) when it was expecting a retransmission of the previous packet after transmitting a NACK. The Node B can then retransmit the previous packet so that packet loss is avoided. 

Simulation results for the ACK/NACK/REV commands in soft handover are shown in Figure 4 below.
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Figure 4: Power required for ACK/NACK signalling in SHO with REVERT command

It can be seen that this scheme results in a reduction in the required ACK/NACK field power of 3dB at low speeds, which probably represents the most important environment for HSDPA. 

The packet loss rate is also reduced from 10-4 to less than 7x10-6 by using the REV command. The usage of the REV command is less than 10-2 (i.e. less than 1 in 100 NACK commands is incorrectly received and results in the later transmission of a REV command). 

These simulation results assume that the 3 codewords would be transmitted with the same power. 

Note that the required ACK power is not significantly different between the scheme with just ACK/NACK commands and the scheme which includes the REV command. This is because the offset DTX->ACK threshold means that there is little change in the average distance between the ACK command and the surrounding thresholds, as shown in the constellation diagrams in Figure 5.
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Figure 5: Threshold positions for detecting ACK, NACK and REV commands

4. Conclusions and recommendations

Simulation results have been presented showing the power requirements for the HSDPA ACK/NACK signalling in order to meet the required error rates.

From these simulation results, the following conclusions can be drawn:

1. A power offset is required between the R99 UL DPCCH and the UL channel carrying the ACK/NACK signalling for HSDPA. This offset could be fixed or signalled by the Node B. Probably it is best for the Node B to signal the offset so that it can take its threshold position into account. This offset needs to be in the range 2 – 6 dB. A text proposal for the power offset signalling is given in [3].

2. The power requirement for reliable ACK/NACK signalling can be reduced by means of an additional “REVERT” command, especially in soft handover. This can reduce the peak power requirement which may have an impact on cell range for HSDPA, as well as reducing the mean power requirement which has an impact on uplink interference and UE battery life. The REV command can be implemented by means of an additional codeword, with little impact on the power required for the ACK. A text proposal for the REV command is given in [4].

3. An additional power offset for the UL HSDPA ACK/NACK signalling channel would be required when the UE is in soft handover if the REVERT command is not used. 

4. Further power reduction in the ACK/NACK field requires a method to reduce the ACK power without increasing the DTX->ACK error rate. A method for reducing the ACK power is presented in [5]. 
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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 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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