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1 Introduction
HARQ is one of the prominent enhanced features of E-DCH to improve link efficiency. But the simulation results in [3] and [4] show that the required power for ACK/NACK signalling was higher.
In this document, we will discuss the signal mapping options of the HARQ signal in downlink and the transmitting power consumption of different signal mapping modes.  

2 Signal Mapping
Suppose there are two HARQ states – ACK and NACK needed for EUL [1]. In this document, we discuss three ways of HARQ signal mapping in downlink.
· Nonzero mapping
· NACK is mapped to -1 (or 1)
· ACK is mapped to +1 (or -1)
· DTX Mapping of ACK
· NACK is mapped to nonzero(-1or1)
· ACK is mapped to 0
· DTX Mapping of NACK 
· NACK is mapped to 0

· ACK is mapped to nonzero(-1 or 1)
In the following section, we will discuss the average transmitting power for ACK/NACK signalling of nonzero mapping and DTX mapping in Node B.
3 Average Transmitting power of Signal Mapping 
Here, only BPSK is considered. The same result for other modulation modes can be deduced similarly.
Let 
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 denote the transmitting signaling in Node B, where 
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 maybe ±1 or 0. Then the received signal from the demodulator is
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 is transmission power, 
[image: image5.wmf]n

 is real noise, then
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For convenience, we suppose the noise is Gaussian distributed with mean 0. We further define the target error rate for ACK and NACK to be x% and y% respectively. Generally, BER (NACK) is much less than BER(ACK).

Now there exit thresholds 
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Let us suppose the transmitting probabilities of ACK and NACK is 
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and
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; and they are not equal. Generally, we have
[image: image13.wmf]f

e

>

. 
Now we calculate the total transmitting power requirement of ACK/NACK signaling at Node B in different mapping modes.

· Nonzero mapping
Suppose NACK is mapped to -1 and ACK is mapped to +1.
If the receiver adopts threshold ‘0’, in order to satisfy the requirements of both NACK and ACK, the transmitting power of NACK and ACK from Node B are at least 
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We deduce from (4) that the average transmitting power of Node B is
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If the receiver adopts asymmetric threshold and the transmitting power of ACK and NACK are equal, we deduce the transmitting power of NACK and ACK are both at least 
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We deduce from (6) that the average transmitting power of Node B is
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· DTX Mapping of ACK
If ACK is DTXed, we first set a decision threshold to satisfy the BER requirement of ACK. Under this decision threshold, we further set the transmitting power of NACK to achieve its BER requirement. 

If NACK is mapped to 1, we can set 
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 as the decision threshold. At the same time, the transmitting power of NACK should be 
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 as decision threshold and the transmitting power of NACK should also be
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Therefore, if ACK is DTXed, no matter how NACK is mapped, we can meet the ACK and NACK error rate requirements at the same time with said decision threshold if NACK transmitting power is greater than  
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Consequently, the average transmitting power of Node B is 
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· DTX Mapping of NACK
Similarly, If ACK is mapped to non-zero, we can set 
[image: image24.wmf]b

 or 
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as the decision threshold. At the same time, the transmitting power of ACK should be 
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Consequently, the average transmitting power of Node B is 
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· Optimal solution
If the transmission probability of ACK and NACK is known, for example, 
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 and 
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respectively, we can minimize the average transmitting power of ACK/NACK signalling in Node B by taking the average power of ACK to NACK to 
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The corresponding decision threshold is 
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And the resulting minimum transmitting power is 
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In [5], it is shown that the retransmission probability for the initial transmission is preferably in the order of 10-20%, to obtain good HARQ performance. Considering there may be multiple retransmission for the initial transmission, the transmission probability of NACK is no greater than 10~20%. We can assume the transmission probability of NACK is 10-20% and the transmission probability of ACK is 80-90%.
We consider the following typical cases:
Table 1
Typical cases 
	case
	BER(ACK)
	BER(NACK)
	Probability(ACK)
	Probability(NACK)

	1
	1%
	0.1%
	90%
	10%

	2
	1%
	0.1%
	80%
	20%

	3
	1%
	0.01%
	90%
	10%

	4
	1%
	0.01%
	80%
	20%


Under these cases, we compare average transmitting power 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


4 Discussion
· Symmetric threshold vs. asymmetric threshold
For non-zero mapping, lower transmitting power is required with symmetric decision threshold than asymmetric decision threshold. But the power reduction is not remarkable. Here we suppose, in zero threshold case, the transmitting power of ACK and NACK is not equal because of their different requirement. In asymmetric threshold case, the transmitting power of ACK and NACK is equal. Therefore, symmetric threshold would result in higher PAR. 
· DTX mapping vs. non-zero mapping
In most cases, ACK-DTX can reduce average transmitting power of Node B. But if the probability of ACK is not prominent and at the same time the BER requirement of NACK is very lower, ACK-DTX even cannot bring any advantage for average transmitting power than non-zero mapping with symmetric threshold.
On the other hand, NACK-DTX mostly cannot reduce the average transmitting power compared to non-zero mapping. Even in inter-Node B SHO, it is possible that NAK-DTX cannot bring expected transmitting power reduction [2].
·   optimal solution
The optimal solution can achieve minimum power consumption. But the implementation is complex. 
Therefore, ACK-DTX may be an appropriate approach in the sense of performance and implementation.
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