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1. Introduction

At the RAN4 #74bis meeting, it was agreed to extend the existing requirements for PDCCH/PCFICH with 2Rx for those with 4Rx [1]. In addition, it was agreed at the last RAN4 meeting that companies provide the evaluation results without impairment margin for this meeting [2]. This contribution provides the alignment results for PDCCH/PCFICH with 4Rx.
2. Evaluation results for PDCCH/PCFICH with 4Rx
2.1. Evaluation results

For the performance evaluation for the PDCCH/PCIFCH with 4Rx, the existing test parameters for 2Rx, i.e. Sect. 8.4.1.1, 8.4.1.2.1 and 8.4.1.2.2 for FDD and 8.4.2.1, 8.4.2.2.1 and 8.4.2.2.2 for TDD in [3], are reused except the number of the receiver antennas. In addition, we evaluate the performance with the new medium correlation described in [4]. The brief summary of the simulation assumption is presented in Table 1.
Table 1. Summary of simulation assumption

	Reference for FDD
(for TDD)
	Antenna configuration
	Spatial correlation
	Reference 
channel
	Aggregation level
	Channel model
	Bandwidth

	Sect. 8.4.1.1
(8.4.2.1)
	1x2 / 1x4
(ULA)
	LOW
	R.15 FDD/TDD

(DCI format 1)
	8 CCE
	ETU70
	10 MHz

	Sect. 8.4.1.2.1
(8.4.2.2.1)
	2x2 / 2x4

(ULA)
	LOW
	R.16 FDD/TDD

(DCI format 2)
	4 CCE
	EVA70
	10 MHz

	Sect. 8.4.1.2.2
(8.4.2.2.2)
	4x2 / 4x4
(ULA)
	MID / 

New Mid
	R.17 FDD/TDD

(DCI format 2)
	2 CCE
	EPA5
	5 MHz


Table 2 summarizes the required SNR on Pm-dsg = 1%. The detailed results are provided in Annex. Note that those results do not include the impairment margin.
Table 2. Summary of alignment results (required SNR on Pm-dsg = 1%)
	Duplex mode
	Reference (Section)
	Required SNR (dB)
	Gain from 2Rx

	
	
	4Rx
	2Rx
	

	FDD
	Single-antenna port performance (8.4.1.1)
	-6.9 
	-3.5 
	3.4 

	
	2 Tx Antenna Port (8.4.1.2.1)
	-5.0 
	-1.9 
	3.2 

	
	4 Tx Antenna Port (8.4.1.2.2) ULA
	2.8 
	4.8 
	2.0 

	
	4 Tx Antenna Port (8.4.1.2.2) ULA w/ new Mid corr.
	1.6 
	3.5 
	1.9 

	TDD
	Single-antenna port performance (8.4.2.1)
	-6.7 
	-3.4 
	3.2 

	
	2 Tx Antenna Port (8.4.2.2.1)
	-4.8 
	-1.6 
	3.3 

	
	4 Tx Antenna Port (8.4.2.2.2) ULA
	3.1 
	5.2 
	2.0 

	
	4 Tx Antenna Port (8.4.2.2.2) ULA w/ new Mid corr.
	1.9 
	3.9 
	2.0 


2.2. Discussion
From the Table 2, we observed that 4Rx UE has large performance gain of PDCCH/PCFICH compared to that for 2Rx. Therefore, we consider that it would be worth specifying the new requirements for PDCCH/PCFICH with 4Rx. 
Observation 1: 4Rx UE is worth specifying the new requirements in view of the enough performance gain of PDCCH/PCFICH compared to that for 2Rx.
Regarding the test cases for PDCCH/PCFICH with 4Rx, we consider that it would be undesirable to reduce the existing test cases, i.e. 3 test cases for each duplex mode. This is because the existing requirements for 2Rx were specified to appropriately verify the performance of PDCCH/PCFICH in the minimum test cases. For example, each test case has a different antenna configuration, aggregation level and channel model from the Table 1. Therefore, to keep the existing test cases for PDCCH/PCFICH with 2Rx would bring the appropriate test coverage for 4Rx UE.
Observation 2: To keep the existing test cases for PDCCH/PCFICH with 2Rx would bring the appropriate test coverage for 4Rx UE.
3. Conclusion
This contribution provides the alignment results for PDCCH/PCFICH with 4Rx, and we observed the followings:

Observation 1: 4Rx UE is worth specifying the new requirements in view of the enough performance gain of PDCCH/PCFICH compared to that for 2Rx.

Observation 2: To keep the existing test cases for PDCCH/PCFICH with 2Rx would bring the appropriate test coverage for 4Rx UE.
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Figure A1. Evaluation results for single antenna port 
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Figure A2. Evaluation results for 2 Tx Antenna Ports
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Figure A3. Evaluation results for 4 Tx Antenna Ports
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