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1. Introduction

In TR25.858, a 10-bit word for ACK/NACK signaling is defined in the uplink HSDPA control channel and there have been several discussions on the reliability requirements on the ACK/NACK signaling. 

Different reliability requirements between ACK and NACK signaling result in different transmission power requirements between ACK and NACK signaling, and this power difference could be very large according to the reliability requirements and the channel environments. However, in the current working assumption, the transmission power for the ACK/NACK is defined as a single power offset △PAN relative to the uplink DPCCH [1]. 

To guarantee an acceptable HSDPA performance, a large power could be required for the ACK/NACK transmission [2], and using a same transmission power level for ACK signal and NACK signal will cause an unnecessary power consumption of UE.

In this paper, it is proposed to allow different transmission power levels between the ACK and NACK signaling so as to reduce the overall ACK/NACK transmission power of UE.

2. Power requirements in the ACK/NACK transmission

At the RAN WG1 adhoc on HSDPA in Sophia Antipolis, working assumptions of acceptable error rates on the ACK/NACK signaling are made as follows:

Prob{erroneous decoding of ACK to NACK} < 10-2
Prob{erroneous decoding of NACK to ACK} < 10-4
In addition, Prob{erroneous decoding of DTX to ACK} also should be restricted since at DTX case, Node-B has to perform ARQ process in the same way as it does at NACK case. Otherwise, erroneous decoding of DTX to ACK will cause a data loss in the same way as the erroneous decoding of NACK to ACK case does, which is described in [3]. NodeB can adjust the ACK/NACK decision threshold as in Fig.1 to meet the restriction on the Prob{erroneous decoding of DTX to ACK}.
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Figure 1. ACK/NACK decision threshold
Based on the above discussion of the ACK/NACK error rates, we can design the ACK/NACK decision threshold and the ACK/NACK transmission power levels as follows:

1) Determine an ACK/NACK decision threshold that satisfies the requirement on the Prob{erroneous decoding of DTX to ACK}.

2) Determine an ACK TX power that satisfies the requirement on the Prob{erroneous decoding of ACK to NACK} based on the decision threshold.

3) Determine a NACK TX power that satisfies the requirement on the Prob{erroneous decoding of NACK to ACK} based on the decision threshold.

According to the current working assumption in TR25.858, ACK/NACK transmission power is defined by a single offset △PAN to the uplink DPCCH transmission power [1]. Therefore, the ACK or NACK transmission power should be selected as the larger value between the required ACK TX power in 2) and NACK TX power in 3).

Table 1 shows the power requirements of ACK and NACK signals with Prob{erroneous decoding of ACK to NACK} < 10-2, Prob{erroneous decoding of NACK to ACK} < 10-4, and various restrictions on the Prob{erroneous decoding of DTX to ACK}. To get these simulation results, we set several assumptions as follows:

2GHz carrier frequency

Rayleigh fading, 2 equal gain paths

Ideal UL SIR & channel estimation

UE speed is 3km/hr 

4% error rate on DL TPC command

UL DPCCH is power controlled to meet 4% error rate on UL TPC command

Power control step size is 1dB

UL Interference has AWGN property

Table 1. Power requirements in the ACK/NACK transmission

	Prob{erroneous decoding

of DTX to ACK}
	<10-1
	<10-2
	<10-3

	Threshold to Interference ratio
	-0.5 dB
	4.5 dB
	7 dB

	ACK TX power relative to UL DPCCH
	-0.5 dB
	2 dB
	3 dB

	NACK TX power relative to UL DPCCH
	-4 dB
	-9 dB
	-16.5 dB

	ACK TX power

- NACK TX power
	3.5 dB
	11 dB
	19.5 dB


Table 2. Power requirements in the ACK/NACK transmission in SHO

	Prob{erroneous decoding

of DTX to ACK}
	<10-1
	<10-2
	<10-3

	ACK TX power relative to UL DPCCH
	6 dB
	9.5 dB
	11 dB

	NACK TX power relative to UL DPCCH
	3.5 dB
	-4.5 dB
	 -14.5 dB

	ACK TX power

- NACK TX power
	2.5 dB
	14 dB
	25.5 dB


As it is shown, the difference in the power requirements varies greatly from 3.5 dB to 19.5 dB according to the required Prob{erroneous decoding of DTX to ACK}. Note that the gap between ACK TX power and NACK TX power increases greatly as the required Prob{erroneous decoding of DTX to ACK} decreases. It should be also noted that the required NACK TX power is very small because the decision threshold is biased to the ACK position to satisfy the restriction on the Prob{erroneous decoding of DTX to ACK}.

Table 2 shows the difference in the power requirements between ACK and NACK signals when UE is in soft handover. The same threshold as in a non-handover case is used because the threshold value is related only to the uplink interference since it is required to consider DTX case. 

As shown in Table 2, required power for both the ACK and the NACK increases in a soft handover case since the uplink ACK/NACK signal can suffer a deep fading when the NodeB serving HSDPA does not control the power of the uplink DPCCH [2].

It should be also noted that the increase in the ACK power is much larger than the increase in the NACK power so that the difference in the required powers between ACK and NACK is larger than in a non-handover case. This is because the decision threshold is biased to the ACK constellation. Deep fading only can’t make the received NACK signal cross the threshold, but the received ACK signal can cross the threshold by deep fading without phase error or interference. Hence, performance of the ACK decoding is degraded more than that of the NACK decoding in a soft handover case.

3. Conclusions

We propose to define the ACK and NACK transmission power offsets respectively, for example, as △PACK and △PNACK. Since the difference between the ACK and NACK power requirements can be significant, setting a same transmission power for ACK/NACK signaling will cause an unnecessary power consumption of UE. Acceptable reliabilities on the ACK/NACK signaling, which involve ACK/NACK decision threshold and the transmission power, will be system management parameters in a deployment stage of HSDPA. Hence, there is no need to limit the possibility to reduce the power consumption in the ACK/NACK transmission by restrict the ACK/NACK power as a same level.

Therefore, we propose to define separate power offsets relative to UL DPCCH for ACK and NACK signals in TR25.858 and make a Liaison statement to WG2 that requests a definition of separate parameters for ACK and NACK transmission power offsets.
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