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1
Introduction
In RAN4 #47, it was proposed that the target quality of PHICH should be different between NACK-to-ACK and ACK-to-NACK [1], and initial simulation results were presented in [2]. During the ad-hoc session, however, no agreement could be reached on the desired UE behaviour, such as fixed threshold, adaptive threshold and zero threshold. To move this work forward, this contribution provides further analysis on PHICH demodulation behaviour based on simulation results. 
2
Background
2.1 PHICH decoding scenarios

First of all, we need to clarify what kind of scenarios should be taken into account in the PHICH demodulation performance. Expected scenarios are summarized below:

Scenario 1

eNB transmits only PHICH (ACK).

Scenario 2

eNB transmits only PHICH (NACK).

Scenario 3

eNB transmits UL grant (for retransmission or initial transmission) and PHICH (ACK). It is noted that eNB would never transmit UL grant and PHICH (NACK), because it does not make sense.

Scenario 3’
eNB transmits only UL grant (for retransmission or initial transmission). If UE could not detect the UL grant, then UE would try to decode PHICH. In the zero-threshold case, the probability of ACK/NACK would be 50%/50%, respectively.
It depends on NW policy which option, Scenario 3 or 3’, would be used in the actual operations. If Scenario 3’ would be used, NW could reduce the overhead of PHICH.
Scenario 4
eNB transmits neither UL grant nor PHICH. If the false alarm of UL grant happened, UE would try to transmit PUSCH and decode the PHICH corresponding to the false PUSCH. It is true that this case should be rare and we might not have to take it into account. However, once it happens, it would impacts UL performance, and therefore it is felt that this case should be considered in this study.
2.2 UE behaviours
In the ad-hoc session in RAN4 #47, three UE behaviours, such as Fixed threshold, Adaptive threshold, and Zero threshold, were discussed. We summarized our views on these three behaviours as follows:

Fixed threshold

In this behaviour, UE decodes PHICH using fixed threshold, which could implicitly be defined by RAN4 performance requirements. eNB is responsible for the final PHICH QoS via power control. It is true that this behaviour would increase UE complexity compared to the zero-threshold behaviour, but we believe that it would be feasible because similar behaviours were specified in the EUL channels, such as E-HICH/E-RGCH. 
Adaptive threshold

This behaviour was pointed out in the ad-hoc session. UE needs to estimate the PHICH boost and then optimally set the detection threshold. We don’t think it would be feasible, because the PHICH power would vary case by case and it would sometimes be DTXed as discussed in Scenario 3’ and 4. Furthermore, even if it would be feasible, it would be very difficult to define correct UE behaviours from a RAN4 performance requirement point of view. Therefore, we would like to exclude this option in this analysis.
Zero threshold

This behaviour is the simplest one. UE just decode ACK or NACK. Similarly to the fixed-threshold, eNB is responsible for the final PHICH QoS via power control. As discussed in [1], the target quality of ACK-to-NACK and NACK-to-ACK would 0.1% and 1%, respectively. It implies that eNB allocates more power to ACK than NACK to achieve such target quality. Assuming that PUSCH BLER would be 10%, i.e. NACK probability would be 10%, this behaviour would increase PHICH overhead compared to the fixed threshold.
3. Discussions

3.1 Definition of Fixed threshold
First of all, the value of the fixed threshold needs to be defined. There would be two approaches to define the values of the fixed threshold. One is to derive it from the target quality of NACK-to-ACK and ACK-to-NACK, and the other is to derive it from the target quality of DTX-to-NACK. The latter one might be tricky because the DTX scenarios, such as Scenario 3’ and 4, might not be general as discussed in Section 2.1. From a RAN4 performance requirement point of view, however, the latter one could provide more clear definition of the fixed threshold than the former one. It would need to be discussed in the RAN4 group how we could define the fixed threshold value, if the fixed threshold approach would be adopted.

We present simulation results based on the above two approaches in the following. The decoding method used in this study is summarized in Annex A. It should be noted that this method is just an example. In principle, RAN4 specification would implicitly specify UE behaviours, but it would never mandate any UE implementation.
Figure 1 and 2 present simulation results on PHICH decoding performance using various threshold values for ACK-to-NACK and NACK-to-ACK, respectively. For simplicity, we assume one PHICH per PHICH group and the symbol power
 of 0 dB. The required Ior/Ioc values are listed in Table 1. The results indicate that the required signal power for ACK and NACK would depend on the fixed threshold values. It should be noted that we don’t have to assume that the transmission power of ACK and NACK should be the same for each target quality, because eNB might control the transmission power of PHICH case by case, such as ACK transmission, NACK transmission, ACK + UL grant transmission and so on, i.e. eNB would be responsible for the final PHICH QoS via such power control.
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Figure 1 ACK-to-NACK performance
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Figure 2 NACK-to-ACK performance
Table 1 Required Ior/Ioc
	
	Required Ior/Ioc [dB]

	
	ACK-to-NACK
	NACK-to-ACK

	Zero TH
	-0.8 dB
	-3.5 dB

	TH = -2 dB
	-2.0 dB
	-2.0 dB

	TH = 0 dB
	-2.3 dB
	-1.8 dB

	TH = 2 dB
	-2.7 dB
	-1.5 dB

	TH = 4 dB
	-3.5 dB
	-1.0 dB

	TH = 6 dB
	-4.3 dB
	-0.4 dB

	TH = 8 dB
	-5.4 dB
	0.3 dB

	TH = 10 dB
	-7.0 dB
	1.1 dB

	TH = 12 dB
	-9.6 dB
	2.1 dB


Figure 3 presents simulation results on DTX-to-NACK performance using various threshold values. The results indicate that the probability of DTX-to-NACK would depend on the fixed threshold value.

If we look at Scenario 3’ in Section 2.1, the target quality of Figure 3 presents simulation results on DTX-to-NACK performance using various threshold values. The results indicate that the probability of DTX-to-NACK would depend on the fixed threshold value. 

DTX-to-NACK should be 10%, which was derived from the target quality of UL grant (1%) and the false NACK target quality (0.1%), i.e. the false NACK probability = UL grant miss detection probability (1%) * the DTX-to-NACK probability (10%). Based on this analysis, we could take the threshold value to be 7.5 dB, adding a safety margin of 2 dB.
It should be noted that the 7.5 dB threshold could achieve acceptable performance for NACK-to-ACK. Figure 2 indicates that the required Ior/Ioc is approximately 0 dB in the 7.5 dB threshold. Since eNB could boost PHICH power up to 4 dB according to the current BS transmit dynamic range [3], the target quality of NACK-to-ACK could be met in the low geometry regions.
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Figure 3 DTX-to-NACK performance
3.2 PHICH overhead
Table 2 presents the total required power for PHICH, which was derived from the required Ior/Ioc values (ACK-to-NACK and NACK-to-ACK) and the ACK/NACK probability. In this evaluation, we assumed that the ACK/NACK probability is 90/10%, respectively. The results indicate that the 7.5 dB threshold value, which was determined in Section 3.1, could reduce the PHICH overhead by approximately 3 dB, i.e. it can be seen that the fixed-threshold behaviour could reduce the PHICH overhead and increase and this extra power would benefit the PDCCH coverage, compared to the zero-threshold behaviour.
Table 2 Total required power
	
	Required Ior/Ioc (ACK-to-NACK)
	Required Ior/Ioc (NACK-to-ACK)
	Total required power ratio [dB]

	Zero TH
	-0.8 dB
	-3.5 dB
	0.0 (reference)

	TH = -2 dB
	-2.0 dB
	-2.0 dB
	-1.0

	TH = 0 dB
	-2.3 dB
	-1.8 dB
	-1.2

	TH = 2 dB
	-2.7 dB
	-1.5 dB
	-1.6

	TH = 4 dB
	-3.5 dB
	-1.0 dB
	-2.2

	TH = 6 dB
	-4.3 dB
	-0.4 dB
	-2.7

	TH = 8 dB
	-5.4 dB
	0.3 dB
	-3.4

	TH = 10 dB
	-7.0 dB
	1.1 dB
	-4.1

	TH = 12 dB
	-9.6 dB
	2.1 dB
	-4.8


3.3 Impacts of I/Q multiplexing
In the ad-hoc session in RAN4 #47, some concerns were raised about the impact of I/Q multiplexing. This section provides our initial analysis on the impact of I/Q multiplexing.

Figure 4 and 5 present simulation results on PHICH decoding performance when the number of users multiplexed per PHICH group is three. The simulation parameters for the three UEs were the same as Table 1 in [1]. The results indicate that the required signal power for ACK and NACK would depend on the fixed threshold values, i.e. we could achieve behaviours that are similar to the single UE case (Figure 1 and 2).
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Figure 4 ACK-to-NACK performance
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Figure 5 NACK-to-ACK performance
Figure 6 presents simulation results on DTX-to-NACK performance using various threshold values. The simulation parameters for the interferers were the same as Table 1 in [1], i.e. only PHICH for the scheduled UE (#0) was DTXed in the simulations. 

The results indicate that the probability of DTX-to-NACK was slightly degraded compared to in Figure 3 and depends on the Ior/Ioc value as well as the fixed threshold value. The reason for this is caused by IQ power leakage. However, it should be noted that such degradation and Ior/Ioc dependence is very small.
eNB could adjust both the PHICH group index and the local index of PHICH in order to avoid the IQ multiplexing or to minimize power offsets in the IQ multiplexing. Furthermore, eNB could compensate the degradation due to IQ multiplexing by boosting the PHICH power if necessary. That is, eNB is still responsible for the final PHICH QoS via power control and the cyclic shift for DM RS in UL grant.
Therefore, we believe that IQ multiplexing would not provide any problems in the fixed threshold behaviours.
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Figure 6 DTX-to-NACK performance
3.4 Further benefits of Fixed threshold
If the fixed threshold behaviour is adopted, eNB would not have to transmit PHICH (ACK) when it would simultaneously transmit UL grant because the false NACK probability could be achieved as shown in Section 3.1. The fixed threshold behaviour could further reduce the PHICH overhead, compared to the zero threshold one.

In Scenario 4, furthermore, the fixed threshold behaviour could reduce the probability of false retransmissions. It is true that it would be rare case, but once it happens, the collision between such unexpected retransmissions and other UE’s transmissions would happen and degrade UL system performance. Therefore, this benefit might not be negligible.
3
Conclusions
This contribution presented our analysis on PHICH demodulation behaviour, such as Fixed threshold and Zero threshold. The simulation results indicated that the fixed threshold approach could reduce the PHICH overhead by 3 dB, compared to the zero-threshold approach. Furthermore, we also indicated that I/Q multiplexing would not provide any problems for the fixed threshold approach. 
Therefore, it is proposed that the fixed threshold behaviour should be adopted as a PHICH decoding behaviour in LTE.
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Annex A. PHICH decoding method
We briefly describe PHICH decoding method used in our study.

***************************************************************************************

Metric of PHICH Reliability is defined as follows:
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Then, we compared this metric with Threshold value:
If (metric < Threshold)


“ACK”
else


if  
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� The definition of “Symbol power” is the difference between the power of BPSK modulated symbol per PHICH and the average RE power for a BS at maximum output power.
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