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1 Introduction
The requirements of the testing of PHICH performance for 4Rx for a UE supporting 4 receivers are discussed in this contribution.  
2 Discussion 
In RAN4#76 meeting, the WF in [1] the following agreement on PHICH testing was done.
· PHICH test is agreed and test will change to use same test method as other control channels. Warm up period can be checked.
· Simulation parameters will be agreed in next meeting
The control channel demodulation performance for PHICH is specified in sections 8.5 36.101
The proposed testcases and the corresponding simulations for PHICH shown in [4] are repeated below. The New Medium ULA are still using the old Ericsson proposal with b=0.6. 
2.1 Simulation assumptions

The simulations are performed for FDD only with the same parameters as in the respective tests in 36.101. 
2.2 PHICH Simulation results
In this section simulations of the PHICH are presented with 2 and 4 antennas respectively. 
This is presented in Figure 7 to Figure 9. The requirement on PHICH is that Pm-an are lower than 0.1% at the testpoints. Therefore the results are compared at these levels.
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Figure 2: PHICH performance for Single antenna port with 2 and 4 Rx antennas and low correlation
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Figure 3: PHICH performance for 2 Tx antenna ports with Tx Diversity with 2 and 4 Rx antennas for Low and New Medium correlation.
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Figure 4: PHICH: performance for 4 Tx antenna ports with 2 and 4 Rx antennas, medium and new medium correlation
In Figure 4 to Figure 6 the performance of PHICH as specified for 2 Rx in sections 8.5.1.1 (single Tx antenna and ETU70), 8.5.1.2.1 (2 Tx antennas and EVA70) and 8.5.1.2.2 (4 Tx antennas and EPA5)  in 36.101 is shown for 2 and 4 Rx antennas with different correlations between the antennas. For P-HICH the performance is specified as the probability of a miss-detecting ACK for NACK (Pm-an). In Table 2 the performance at 0.1% BLER are summarized
Table 1 SNR required to reach Pm-an lower than 0.1% on PHICH with 1Tx antenna (8.5.1.1)
	Pm-an
	PHICH

	
	2Rx 
Low Corr
	4Rx 
Low Corr

	SNR [dB]
	-2.0
	-5.4


Table 2 SNR required to reach Pm-an lower than 0.1% on PHICH with Tx diversity (8.5.1.2.1)
	Pm-an
	PHICH

	
	2Rx 
Low Corr
	4Rx 
Low Corr
	2Rx 
New Medium ULA
	4Rx 
New Medium ULA
	2Rx 
New Medium X-POL
	4Rx 
New Medium X-POL



	SNR [dB]
	-3.3
	-7.4
	-2.8
	-4.4
	-3.3
	-7.2


Table 3 SNR required to reach Pm-an lower than 0.1% on PHICH with 4 Tx (8.5.1.2.2)
	Pm-an
	PHICH

	
	2Rx 
Medium Corr
	4Rx 
MediumCorr
	2Rx 
New Medium ULA
	4Rx 
New Medium ULA
	2Rx 
New Medium X-POL
	4Rx 
New Medium X-POL



	SNR [dB]
	-1.9
	-4.7
	-2.8
	-5.4
	-4.9
	-8.11


Observation 2: The gain in PHICH performance for a UE with 4 receiver antennas, when 1Tx antennas are used (in 36.101, 8.5.1.1), is around 3.5 dB for Low correlation.
Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas, when 2Tx antennas are used (in 36.101, 8.5.1.2.1), is around 4 dB for Low Correlation and New Medium cross polarized antennas. 
Observation 4: The gain in PHICH performance for a UE with 4 receiver antennas, when 4Tx antennas are used (in 8.5.1.2.2), is around 3 dB for both Medium correlation and New Medium, cross-polarized antennas. .
Observation 5: The New Medium Correlation simulations for PHICH has a performance similar to the Low correlation in Tx Diversity case and 3.5 dB better performance than Medium when 4 transmitters are used.  
3 Proposals

There are gains for the PHICH when 4Rx is used compared with 2Rx, the resulting SNR in the simulation results in Table 1 and 2 are reasonable to create testcases for UEs capable with 4Rx. 
Proposal 1: Create testcases for PHICH performance with 4Rx where PDSCH is allocated continuously to the UE.

Proposal 2: Use the existing testcase configuration for PHICH, with the change of antenna configuration to use the New Medium Correlation with  ULA or cross-polarized antennas for a UE capable of 4Rx.
4 Conclusions

Observation 1: The usecase with PHICH transmissions in DL simultaneous with PDSCH transmissions to the same UE is a relevant usecase.

Observation 2: The gain in PHICH performance for a UE with 4 receiver antennas, when 1Tx antennas are used (in 36.101, 8.5.1.1), is around 3.5 dB for Low correlation.
Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas, when 2Tx antennas are used (in 36.101, 8.5.1.2.1), is around 4 dB for Low Correlation and New Medium cross polarized antennas. 

Observation 4: The gain in PHICH performance for a UE with 4 receiver antennas, when 4Tx antennas are used (in 8.5.1.2.2), is around 3 dB for both Medium correlation and New Medium, cross-polarized antennas. .
Observation 5: The New Medium Correlation simulations for PHICH has a performance similar to the Low correlation in Tx Diversity case and 3.5 dB better performance than Medium when 4 transmitters are used.  
Proposal 1: Create testcases for PHICH performance with 4Rx where PDSCH is allocated continuously to the UE.

Proposal 2: Use the existing testcase configuration for PHICH, with the change of antenna configuration to use the New Medium Correlation with  ULA or cross-polarized antennas for a UE capable of 4Rx.
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