Page 1

3GPP TSG-RAN WG1 #38bis                                                                          R1-041155
Seoul, Korea, 20-24 September, 2004

Agenda item:
7.4  DL signalling
Source: 
Huawei
Title: 



Downlink Signalling Mapping of ACK and NACK 
Document for:
Discussion
1 Introduction
Simulation results show that a large transmission power would be required to achieve acceptable error rate on the ACK/NACK signaling in EUL [1]. Thus, it is desirable to minimize the power consumption of ACK/NACK signaling. Some contributions [2][3] have discussed the transmission power consumption of ACK/NACK signaling with different signal mapping options. It is recommended that On-Off-Keying modulation (DTX mapping of NACK) can be used in inter-Node B soft handover (SHO) to reduce the transmission power. 
In this document, we further discuss the ACK/NACK signal mapping options in downlink, and compare the transmission power consumption of different signal mapping modes. We find that it is difficult to obtain the power reduction by DTX mapping of NACK even in SHO. Contrarily, our analysis shows that DTX mapping of ACK may be an appropriate approach in non-SHO, and nonzero mapping (BPSK) can be used in SHO to obtain lower transmission power of ACK/NACK signaling.  

We list three mapping modes in section 2 and calculate analytically the average power consumption of these mapping modes in section 3. Finally, we discuss the appropriate environments for these mapping modes in section 4 and summarize in section 5. The corresponding text proposal for TS25.808 is given in the Annex A.
2 The average transmit powers of different ACK/NACK mappings
Suppose there are two HARQ states – ACK and NACK- needed for EUL, as described in [4]. Naturally, there are three HARQ signal mapping modes in downlink as follows.
· Nonzero mapping 
· NACK is mapped to -1 (or 1)
· ACK is mapped to +1 (or -1)
· DTX Mapping of ACK
· NACK is mapped to -1 (or1)
· ACK is mapped to 0
· DTX Mapping of NACK 
· NACK is mapped to 0

· ACK is mapped to 1 (or -1)
In order to compare the performances of these mappings, we shall analytically calculate the average transmission power of ACK/NACK signalling for these three mapping modes, on the AWGN channel. All the following power values are given in a relative scale since they depend on the path loss. 
Let 
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 denote the Gaussian noise. We define the target error rate for ACK and NACK to be x% and y% respectively. Generally, y is much smaller than x. We also suppose the transmission probability of NACK is
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.
There are positive thresholds 
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 and
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such that:
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· Nonzero mapping
If the receiver adopts symmetric decision threshold ‘0’, the transmission power of ACK and NACK should be at least 
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 respectively, to meet their BER requirements. Thus, the average transmission power of Node B is
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If the receiver adopts asymmetric decision threshold and the transmission power of ACK and NACK is equal, we can deduce that the transmission power of NACK and ACK should both be at least
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. Consequently, the average transmission power of Node B is
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· DTX Mapping of ACK
If ACK is DTXed and NACK is mapped to -1, first we set 
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 as the decision threshold to meet the BER requirement of ACK. Under this decision threshold, we can further deduce that the transmission power of NACK should be at least  
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 to achieve its BER requirement. Consequently, the average transmission power of Node B is 
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· DTX Mapping of NACK
Similarly, if ACK is mapped to 1 and NACK is DTXed, we set 
[image: image15.wmf]b

as the decision threshold to meet the BER requirement of NACK. At the same time, the transmission power of ACK should be at least  
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 to achieve its BER requirement. Consequently, the average transmission power of Node B is 
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· Optimal solution
If the transmission probability 
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 of NACK is known, we can minimize the average transmission power of ACK/NACK signalling at Node B by setting the average power of ACK and NACK to be 
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and the corresponding decision threshold to be 
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The resulting minimum transmission power is 
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3 Numerical comparison of required average transmit powers

In [5], it is shown that the retransmission probability for the initial transmission is preferably in the order of 10-20% when evaluating HARQ as closed loop power control is used for the uplink. Generally, the transmission probability of NACK is not greater than 10~20% with this assumption. 
We consider the following typical cases:
Table 1
Typical cases 
	case
	BER(ACK)=x%
	BER(NACK)=y%
	Probability(NACK)=f

	1
	1%
	0.1%
	10%

	2
	1%
	0.1%
	20%

	3
	1%
	0.01%
	10%

	4
	1%
	0.01%
	20%


Under these cases, we compare the average transmission power of nonzero mapping, DTX mapping and the optimal solution. The results are shown in Table 2.
Table 2
Power Ratio 
	case
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	1
	2.98
	3.98
	-6.56
	-5.56
	1
	0.46

	2
	0.27
	0.97
	-5.75
	-5.05
	0.7
	0.97

	3
	2.33
	3.98
	-7.21
	-5.56
	1.65
	0.46

	4
	-0.13
	0.97
	-6.15
	-5.05
	1.1
	0.97


The DTX mapping of ACK can in most cases reduce the average transmission power of ACK/NACK signaling in Node B. However, it requires the transmission probability of ACK to be dominant. For example, if the BER of ACK is 1% and BER of NACK is 0.01%, we can deduce that the ACK transmission probability should be at least 81.76%, to make the average transmission power be smaller than that of nonzero mapping. In non-SHO, it is always true, while in SHO, such a higher transmission probability of ACK usually cannot be achieved. 
The DTX mapping of NACK can outperform nonzero mapping (BPSK) only when its transmission probability is greater than a specific value. For example, if the BER of ACK is 1% and BER of NACK is 0.01%, the NACK transmission probability should be higher than 69.24% in order to have DTX mapping of NACK more efficient than BPSK mapping. As stated in [2], this situation might arise in SHO, if a non–serving cell is not in the same Node B as the serving cell, so it is unaware whether the UE is allowed to transmit EDCH or not. However, it is possible to detect whether the UE is transmitting EDCH or not by non-serving cells in SHO. For example, if the UE is not allowed to transmit, its E-TFICH will also be DTXed. Non-serving cell can detect this situation by the receiving power of E-TFICH. So, the non-serving cell will send no feedback, neither ACK nor NACK. In this way the NACK transmission probability in SHO can be reduced significantly, thus eliminating the justification of using DTX mapping of NACK.
In SHO, the transmission probability of NACK is so high that DTX mapping of ACK can not outperform BPSK, while it is not enough high so that DTX mapping of NACK can get better performance. In such a range of transmission probability of NACK, BPSK is the best option. The comparison between these mapping modes in this case is shown in Table 3.We list some typical values of 
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.Here, we assume that the BER requirement of ACK is 1% and the BER requirement of NACK is 0.01%. 
Table 3
Power Ratio (with higher
[image: image29.wmf]f

)

	
[image: image30.wmf]f


	
[image: image31.wmf]DTX

ACK

sym

P

P

-

/

（dB）
	
[image: image32.wmf]DTX

NACK

sym

P

P

-

/

（dB）

	30%
	-1.4
	-5.08

	40%
	-2.21
	-3.98

	50%
	-2.78
	-2.78

	60%
	-3.21
	-1.45


The optimal solution can achieve minimum power consumption if the transmission probability of NACK should be known and maintained. This solution is closely related to the transmission probability of NACK and noise estimation, and the implementation is more complex.
4 Conclusions
From the above discussion, it follows that the optimum solution for the ACK/NACK signaling would be to use DTX mapping of ACK in non-SHO situations, while BPSK mapping should be used by all cells in SHO.
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Annex A: Text proposals for TR 25.808

8
Physical Channel Structure

8.2
Physical Channel Structure for Control Signalling 
8.2.x HARQ associated downlink control channel
……

A 1-bit ACK/NACK indication is used for a HARQ acknowledgement. DTX mapping of ACK should be used in non-SHO situations, while BPSK mapping of the HARQ acknowledgement field should be used by all cells in SHO.
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