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1. Introduction
A study on UE with 8 Rx has been approved [1] in RAN#76 with the objectives to study the performance gain with 8 Rx antenna compared to 4 Rx especially for the cases with rank less than or equal to 4 under relevant propagation channel conditions and operating SNR range for 8Rx performance. Specifically for the PCFICH/PDCCH demodulation performance with 8Rx, the objectives are:
· Identify the scenarios for the evaluations
· Identify the necessary parameters including CCE levels, antenna configuration and MIMO channel correlation, and propagation conditions
· Minimize the evaluation case numbers as much as possible
· Run link level simulations, and compare 8Rx performance with 4Rx performance under the identified scenarios to investigate the performance gain
· Use MMSE as the reference receiver
In RAN4 #84 8Rx UE SI was extensively discussed and simulation assumptions for 8Rx evaluation were agreed upon [1]. In this contribution we present the results for PCFICH/PDCCH demodulation with 8Rx and present our views on 8 Rx for PDCCH demodulation.

2. PDCCH Performance Evaluation
To evaluate demodulation performance of PCFICH/PDCCH with 8 Rx, the simulation assumptions in Table 1 were agreed [2].
[bookmark: _Ref494657952]Table 1: Simulation assumption for PCFICH/PDCCH
	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 

	1 
	10 MHz
	4 CCE
	R.16 FDD
	 EVA70
	2 x 4 Low

	2
	10 MHz
	4 CCE
	R.16 FDD
	 EVA70
	2 x 8 Low

	3
	10MHz
	2 CCE
	R.16-1 FDD
	 EVA70
	2 x 8 Low




PDCCH performance with low antenna correlation is shown in Figure 1. 
[image: ]
[bookmark: _Ref494271970]Figure 1: PDCCH performance with low antenna correlation

The SNRs corresponding to 1% PDCCH BLER is summarized in Table 2. Based on the results we observe that with 4 CCE 8 Rx provides almost 3dB performance gain compared to 4 Rx, but the performance with 4Rx antenna is well below the minimum operating SNR of around -3 dB.  
Observation #1: Performance of PDCCH with 4CCE and 4 Rx antennas is well below the minimum operating SNR and there is no additional gain by improving performance by 3 dB with 8Rx
With 8Rx the similar performance can be achieved with 2 CCE, as compared to 4 Rx with 4 CCE and this could possibly improve the capacity of the control channel, but it is difficult to conclude that the control channel capacity could be increased by this as it cannot be guaranteed that there would be many UE supporting 8Rx in the cell. 
Observation #2: With 8Rx similar performance as 4Rx can be achieved with smaller aggregation level, but it might not translate to an increase in control channel capacity
 With 4Rx antenna and 2 CCE the PDCCH detection performance is below 0 dB and doesn’t necessitate the use of 8 Rx at that aggregation level. 
Observation #3: The PDCCH detection performance with 4Rx and 2 CCE is already good and doesn’t necessitate the use of 8Rx 
The SNR that achieves the 1% missed downlink scheduling grant for different aggregation levels with 4Rx and 8Rx are summarized in Table 2. 

[bookmark: _Ref494274225]Table 2: PDCCH Performance with low antenna correlation
	Test Number
	BW
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	4 CCE
	R.16 FDD
	EVA70
	2 x 4 Low
	1
	-5.6

	2
	10 MHz
	4 CCE
	R.16 FDD
	EVA70
	2 x 8 Low
	1
	-8.4

	3
	10 MHz
	2 CCE
	R.16-1 FDD
	EVA70
	2 x 8 Low
	1
	-5.8

	4
	10 MHz
	2 CCE
	R.16-1 FDD
	EVA70
	2 x 4 Low
	1
	-2.6



In RAN4#84 8Rx performance evaluation with antenna correlation was discussed. The PDCCH performance with Medium-A antenna correlation for 4Rx and Medium-A and Medium-B antenna correlation for 8Rx is compared and presented in Figure 2 below. With 8 Rx antenna it is more practical to evaluate performance with non-zero antenna correlation. The antenna correlation factors for Medium-A and Medium-B are given in [2].
[image: ]
[bookmark: _Ref494449235]Figure 2: PDCCH performance with medium antenna correlation
With 4Rx and medium antenna correlation the detection performance of PCFICH/PDCCH is still well below the minimum operating SNR and doesn’t necessitate the need to use 8Rx for the control channel.
Observation #4: The detection performance of PDCCH with Medium-A correlation and 4Rx is below the minimum operating SNR and doesn’t necessitate the need to use 8Rx for PCFICH/PDCCH detection
Based on the performance evaluation for PCFICH/PDCCH with 8rx in comparison with 4Rx, the performance or capacity gain of using 8Rx for control channel is not evident and hence we propose that no new control channel requirements for PCFICH/PDCCH detection for 8 Rx UE be mandated or introduced.
Proposal: No new performance requirements for detection for PCFICH/PDCCH be introduced for 8Rx UE

3. Conclusions
Based on the performance evaluation of PDCCH in 8Rx the following are our observations and proposal:
[bookmark: _GoBack]Observation #1: Performance of PDCCH with 4CCE and 4 Rx antennas are well below the minimum operating SNR and there is no additional gain by improving performance by 3 dB with 8Rx
Observation #2: With 8Rx similar performance as 4Rx can be achieved with smaller aggregation level, but it might not translate to an increase in control channel capacity
Observation #3: The PDCCH detection performance with 4Rx and 2 CCE is already good and doesn’t necessitate the use of 8Rx 
Observation #4: The detection performance of PDCCH with Medium-B correlation and 4Rx is below the minimum operating SNR and doesn’t necessitate the need to use 8Rx for PCFICH/PDCCH detection
Proposal: No new performance requirements for detection for PCFICH/PDCCH be introduced for 8Rx UE
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