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1. Introduction 

A framework to study the PHICH performance is suggested in [1].  During the discussions at RAN4 #47, it was mentioned that further consideration should be give to the implied thresholding in the UE receiver.

The targeted asymmetric PHICH detection error rates could be achieved by non-zero UE detection thresholding or asymmetric eNB Tx power (or both).  It was mentioned during the discussions that using asymmetric eNB Tx power is not efficient from the perspective of power utilization.  
In this contribution, we discuss the detection threshold setting in the UE.     
2. Threshold setting

Ideally, the optimum decision threshold should be determined by the known noise power and PHICH power.  Since the PHICH is power controlled by the eNB, the PHICH power is not known by the UE, so the optimum setting is not possible. Realistic settings of the threshold could be carried out according to the following: 
1. Fixed threshold; due to receiver AGC, this would be approximately equivalent to a threshold proportional to RSSI; this would not account for differences in DL geometry or power control

2. Threshold proportional to 
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; this method would ignore power control

3. Threshold proportional 
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 estimate, where 
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 is the interference or noise power; this method would be optimum if the eNB carried out perfect power control
Among, the options listed, item 3 seems the best candidate.  The threshold will be set to 
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.  Clearly, with this threshold setting, the target P(ACK(NAK) = 0.1% and P(NAK(ACK) = 1% error rates can be achieved with a single PHICH power setting only, but this is true also for any other threshold setting strategy.  At least with option 3, there is a PHICH power setting for each DL geometry where the target PHICH error rates are simultaneously met.  
In a BPSK AWGN channel, we can determine the required threshold value analytically, as 
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with this, we get 
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.   This value is only applicable in AWGN channels though, for different types of fading channels, the threshold should be set differently.  
A possible downside to the threshold setting method described above is that 
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 estimation errors result in reduction in PHICH performance. The impact of 
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 estimation errors was evaluated with simulations.  
3. Simulation Assumptions

The assumptions were similar to those listed in [1][3].
3.1.  PHICH Reference Channel Setup

The reference channel configuration parameters are given in Table 1 below. 
	User (role)
	Sequence index
	Symbol power (dB)
	Payload

	#0 (Scheduled)
	0
	-4
	Fixed ACK or fixed NACK (which depends on the test scenario)

	#1 (Interferer)
	1
	0
	random ACK/NACK

	#2 (Interferer)
	4
	-3
	random ACK/NACK


Table 1  PHICH Reference Channel Configuration
3.2. Other Assumptions

1. Normal cyclic prefix which gives a total of 14 OFDM symbols per sub-frame

2. Two OFDM symbols allocated for control
3. Normal PHICH duration (1 symbol)
4. One or two eNB Tx antenna
5. 10 MHz BW
6. Realistic channel estimation
7. Realistic interference estimation (
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)
8. Channel model used: ETU70Hz
9. No antenna imbalance and zero antenna correlation
3.3. Threshold Selection

The threshold was set to 
[image: image13.wmf]t

N

a

, where 
[image: image14.wmf]a

was equal to 1.2.   As reference, simulations with zero threshold were also performed.  
4. Simulation Results

Figure 1 and Figure 2 show the decision error rate results with (
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, for 1 Tx antenna and 2 Tx antennas, respectively, with perfect 
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 estimation. 
Figure 3 and Figure 4 show the decision error rate results with (
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, for 1 Tx antenna and 2 Tx antennas, respectively, with realistic 
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 estimation.  Note that in these simulations, no  implementation margin was included other than the 
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 estimation and channel estimation losses. 
Figure 5 and Figure 6 show the decision error rate results with zero threshold (
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, for 1 Tx antenna and 2 Tx antennas, respectively, with both perfect and realistic 
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Figure 1: PHICH ACK->NAK and NAK->ACK Error Rates, 1x2 SIMO, perfect 
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Figure 2: ACK->NAK and NAK->ACK Error Rates, 2x2 SFBC, perfect 
[image: image28.wmf]t

N

 estimation

[image: image29]
Figure 3: PHICH ACK->NAK and NAK->ACK Error Rates, 1x2 SIMO, imperfect 
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Figure 4: PHICH ACK->NAK and NAK->ACK Error Rates, 1x2 SIMO, imperfect 
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Figure 5  PHICH Error Rates with zero Threshold, with perfect and imperfect 
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 estimation, 1x2 SIMO
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Figure 6  PHICH Error Rates with zero Threshold, with perfect and imperfect 
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 estimation, 2x2 SFBC
Comparing the curves in Figures 1 and 3, it can be seen that the loss due to 
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 estimation errors is about 0.8dB (NAK(ACK) and 1.5dB (NAK(ACK) for the SIMO case when 
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 is used.   When comparing this to Figure 5, which shows results with 
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, we see that the 
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 estimation loss is about 1.2dB.  Therefore the 
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 estimation dependent threshold setting doesn’t increase the PHICH error rate significantly. 

Similarly, by comparing the curves in Figures 2 and 4, it can be seen that the loss due to 
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 estimation errors is about 0.3dB (NAK(ACK) and 0.6dB (NAK(ACK) for the 2x2 SFBC case when 
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 is used.   When comparing this to Figure 6, which shows results with 
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 estimation loss is about 0.6dB.  Therefore the 
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 estimation dependent threshold setting doesn’t increase the PHICH error rate significantly.  
5. Conclusion
In this document, we compared different PHICH detection threshold setting strategies and proposed to use a threshold set to 
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.  With simulations, it was shown that the additional loss due to 
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 estimation errors is not significant.   
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