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1. Introduction

At the RAN4 #76 meeting, it was agreed that an alignment simulation for PDCCH/PCFICH is based on the following cases [1]:
	Based on
	Antenna configs
	Propagation
	Options of Antenna correlations

	8.4.1.1
	1x4
	ETU70
	Low

	8.4.1.2.1
	2x4
	EVA70
	Low

	8.4.1.2.2
	4x4
	EPA5
	New Medium 


In this contribution, we provide our evaluation results and views on the requirements for PDCCH/PCFICH according to above agreement.
2. Evaluation results
2.1. Simulation assumption
The brief summary of the simulation assumption is presented in Table 1. In this table, 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 [2], are reused except for the number of the receiver antennas and spatial antenna correlation. Regarding the new medium correlation, there are two options as below [3]:

· Option 1: XPOL, alpha = 0.3, beta = 0.6, gamma = 0.2
· Option 2: ULA, alpha = 0.3, beta = 0.3874 
We evaluate both options for the comparison.
Table 1. Summary of simulation assumptions
	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
	8 CCE
	ETU70
	10 MHz

	Sect. 8.4.1.2.1
(8.4.2.2.1)
	2x2 / 2x4

(ULA)
	LOW
	R.16 FDD/TDD
	4 CCE
	EVA70
	10 MHz

	Sect. 8.4.1.2.2
(8.4.2.2.2)
	4x2 / 4x4
(ULA/XPOL)
	New Medium
	R.17 FDD/TDD
	2 CCE
	EPA5
	5 MHz


2.2. Alignment results
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 4Rx (dB)

	
	
	4Rx
	2Rx
	

	FDD
	Single-antenna port performance (8.4.1.1)
	-7.7
	-3.6
	4.1

	
	2 Tx Antenna Port (8.4.1.2.1)
	-5.9
	-2.2
	3.7

	
	4 Tx Antenna Port (8.4.1.2.2), ULA (option 2)
	-0.2
	2.6
	2.7

	
	4 Tx Antenna Port (8.4.1.2.2), XPOL (option1)
	-1.7
	2.5
	4.2

	TDD
	Single-antenna port performance (8.4.2.1)
	-7.6
	-3.5
	4.1

	
	2 Tx Antenna Port (8.4.2.2.1)
	-5.7
	-1.9
	3.8

	
	4 Tx Antenna Port (8.4.2.2.2), ULA (option 2)
	0.2
	3.0
	2.8

	
	4 Tx Antenna Port (8.4.2.2.2), XPOL (option1)
	-1.3
	2.8
	4.1


2.3. Discussion
From the Table 2, we observed that 4Rx UE has large performance gain of PDCCH/PCFICH compared to 2Rx UE. Therefore, we consider that it would be worth specifying the new requirements for PDCCH/PCFICH with 4Rx UE. 
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 UE.
However, it was also observed that the required SNR is very low in the test cases of the single antenna port. When assuming 2Rx RLM, it would be unclear whether RLF could be observed in such SNR level. On the other hand, when assuming 4Rx RLM, RLF might not be observed. RAN4 has not reached a consensus whether the same number of the Rx antenna is assumed between RLM and PDCCH/PCFICH detection for the 4Rx UE, so we could not conclude whether this SNR level is too low or not at this moment. Therefore, the validity of the SNR level should be discussed after the decision on RLM requirements.
Proposal 1: The required SNR level for PDCCH/PCFICH with single antenna port should be validated after the RLM discussion.
If it is concluded that such SNR level is too low, possible solution would be to change the aggregation level, e.g. from 8 CCE to 4CCE, to increase required SNR level. In this example, there are two test cases of 4 CCE and one of 2 CCE, i.e. no test case of 8 CCE for the 4Rx UE. We consider that the applicability rule would be unclear in this case. At the last RAN4 meeting, it was agreed that “UE should not be tested under 2RX test if it supports 4RX”. If this agreement allows no test cases of 8 CCE for 4Rx UE, then above solution, i.e. changing aggregation level, should not be considered to keep the existing test coverage. Of course, if the agreement means that 2 Rx test can be passed if the test scenario defined for 4Rx is completely identical with the legacy test scenario defined with 2Rx, except the number of Rx ports and SNR/SINR requirements [4], then such solution could be considered because 2Rx test of 8 CCE needs to be conducted for 4Rx UE.
Proposal 2: Further clarification is needed for the applicability rule for PDCCH/PCFICH agreed in the last meeting in order to keep appropriate test coverage.
Regarding the antenna correlation for 4Tx test cases, we observed that the performance gain of XPOL with new medium correlation is higher than that of ULA. XPOL, therefore, would be more desirable in terms of the demodulation performance of PDCCH/PCFICH. However, before the decision, RAN4 should address some points related to the test applicability. Specifically,
· The legacy PDCCH/PCFICH requirements for 4x2 antenna configuration ware specified assuming ULA with the legacy medium correlation. Therefore, the new 4Rx requirements would have slight different test scenario from 2Rx requirements if XPOL is assumed. Therefore, applicability rule should be clarified as pointed out in the proposal 2.
· Almost 2Rx requirements for PDSCH/CSI were specified assuming ULA with the legacy medium/high correlation. Since 2Rx performance of 4Rx UE should be verified according to the agreement at the last meeting, the clarification is needed about how the 2Rx performance of the 4 Rx UE with XPOL is verified in the test cases with the legacy medium/high correlation.
Observation 2: The performance gain from XPOL with the new medium is higher than that from ULA with the new medium.
Observation 3: If XPOL with the new medium correlation is assumed, then the new 4Rx requirements would have slight different test scenario from 2Rx requirements.

Observation 4: Some 2Rx requirements for control channels/PDSCH/CSI were specified assuming ULA with the legacy medium/high correlation.
Proposal 3: Clarify how the 2Rx performance of the 4 Rx UE with XPOL is verified before the decision for the new medium correlation. 
3. Conclusion
In this contribution, we provide our evaluation results and views on the requirements for PDCCH/PCFICH, and we observed and proposed 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: The performance gain from XPOL with the new medium is higher than that from ULA with the new medium.

Observation 3: If XPOL with the new medium correlation is assumed, then the new 4Rx requirements would have slight different test scenario from 2Rx requirements.

Observation 4: Some 2Rx requirements for control channels/PDSCH/CSI were specified assuming ULA with the legacy medium/high correlation.
Proposal 1: The required SNR level for PDCCH/PCFICH with single antenna port should be validated after the RLM discussion.

Proposal 2: Further clarification is needed for the existing applicability rule for PDCCH/PCFICH to keep appropriate test coverage.

Proposal 3: Clarify how the 2Rx performance of the 4 Rx UE with XPOL is verified before the decision on the new medium correlation. 
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Figure A1. Evaluation results for single antenna port with the low correlation
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Figure A2. Evaluation results for 2 Tx Antenna Ports with the low correlation
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Figure A3. Evaluation results for 4 Tx Antenna Ports with the new medium correlation
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