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1. Introduction
In RAN4#88bis NR PDCCH demodulation requirements were discussed and way forward [1] was agreed. 
	Power allocation
· Assume EPRE ratio of PDCCH_DMRS to SSS is 0dB, and EPRE ratio of the PDCCH to PDCCH_DMRS is 0dB.
1 Symbol PDCCH Test
· Test case 12: AL=4 for 2Rx, 4Rx
· Test case 13: AL=8 for 2Rx; AL=4 for 4Rx
Test case with AL=16
· Introduce test case with 2Rx
· FFS for test case with 4Rx
Test cases with 4Rx and interleaved CCE-to-REG Mapping
· Test case 8, Bundle size =6 with interleave size as 3
· Option 1: Test case 6, 7 with REG bundle size =2, CORESET BW = 96 for both 2Rx and 4Rx 
· Option 2: For 4Rx, test cases with interleaved (cases 6,7), using REG bundle size =6 
· Further evaluted above two options for case 6,7  and decided in RAN4#89 meeting. 



In [2] we present simulation results for agreed test cases. In this contribution we present our views on the open issues related to NR PDCCH demodulation requirements. 
2. Discussion
In [2] we provide simulation results for alignment for the test cases discussed and agreed in RAN4#88bis [1]. The open items that need to be addressed are:
· Test cases with AL=16 with 4Rx
· Test cases with 4Rx with interleaved CCE-to-REG mapping

2.1 Test cases with AL 16
In RAN4#88bis, it was agreed to introduce test cases with 2Rx antenna for AL=16 while requirements with 4Rx was FFS. The main concern was that the operation SNR with AL=16 and 4Rx is very low. Companies were encouraged to suggest test parameters to achieve reasonable SNR levels with 4Rx and AL=16.  
In the table below we provide the performance for test cases with AL=16 with 4Rx.

	Test No.
	SCS (KHz) 
	Format
	CORESET
RB
	Payload
	CORESET time
 duration
	AL
	CCE-to-REG 
Mapping
	REG bundle
 size
	CORESET-interleaver-size 
	Prop
condition
	Ant config 
	
SNR @ 1% Pm-dsg

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Low
	-7.99

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x4 Low
	-9.40

	15a
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Med-A
	-5.66


For test cases 14, 15 the operating SNR is very low. If the test case is modified to TDL-A-30 with Med-A correlation, we observe that the operating SNR is almost 4dB higher. With this parameter setting it may be feasible to introduce test case with AL=16 with 4Rx.

Observation #1: Operating SNR for test case #15 with AL 16 for 4Rx with TDL-A-30 channel model and Medium-A antenna correlation is reasonable.
2.2 4Rx Test cases with Interleaved CCE-to-REG mapping	
In RAN4#88bis 2 options were added for test cases #6, #7 with Interleaved CCE-to-REG mapping with 4Rx – with REG bundle size of {2,6}. While REG bundling size of 2 gives more diversity in mapping, it also reduces the number of DMRS samples available for channel and noise estimation.  The receiver assumption for PDCCH is MMSE-IRC. For interference and noise limited conditions we evaluate the performance of MMSE-IRC with REG bundle size of 2 and 6. We also compare the performance with MMSE receiver.
In figures below we show the performance of test cases with 4Rx and interleaved mapping in noise and interference limited scenarios. For interference limited scenario the INR is 10dB.
	30KHz SCS; 40MHz; TDL-A-30-10Hz; AL:2; 1x4
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Figure 1: Test 6 Performance in Noise vs Interference limited conditions


	30KHz SCS; 40MHz; TDL-C-300-100Hz; AL:4; 1x4
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Figure 2: Test 7 Performance in Noise vs Interference limited conditions

In noise limited conditions we see that performance with 4Rx can be improved by either using a MMSE receiver or by using REG bundle size of 6. In interference limited scenario, the performance with MMSE receiver is also poor, since interference is not being mitigated. In field testing we cannot guarantee a noise free scenario and with MMSE-IRC receiver performance improvement is achieved with REG bundle size of 6. For 4Rx test cases, we recommend using REG bundle size of 6 for interleaved and non-interleaved CCE-to-REG mapping. 
Observation #2: In noise limited scenarios performance can be improved by using MMSE receiver with REG bundle size of 2, but in interference limited scenarios the performance is only improved with REG bundle size of 6 with MMSE-IRC receiver. 
In the following figures we compare the performance of 4Rx and 2Rx in interference limited scenarios with REG bundle size of 2 and 6.

	30KHz SCS; 40MHz

	Test6: TDL-A-30-10Hz; AL:2
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	TDL-C-300-100Hz; AL:4
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Figure 3: Performance comparison between 2Rx and 4Rx in interference limited conditions
In the figures above we see that in interference limited scenarios, with REG bundle size of 2 the performance with 4Rx is comparable to 2Rx and no performance improvement is observed. There is no system benefit from introducing requirements with REG bundle size of 2 with 4Rx antenna and doesn’t seem like a reasonable configuration. 
Observation #3: In interference limited scenarios there is no system benefit from introducing requirements with 4Rx with REG bundle size of 2. 
Given the above observations for performance in interference limited scenarios with REG bundle size of 2 with 4Rx, we propose that 4Rx requirements with interleaved CCE-to-REG mapping are introduced with REG bundle size of 6.
Proposal #1: Define PDCCH test cases with interleaved CCE-to-REG mapping for 4Rx with REG bundle size of 6
3. Conclusion
In this paper we present our views on the open issues for PDCCH demodulation test cases. We have the following observations and proposals:
Observation #1: Operating SNR for test case #15 with AL 16 for 4Rx with TDL-A-30 channel model and Medium-A antenna correlation is reasonable.
Observation #2: In noise limited scenarios performance can be improved by using MMSE receiver with REG bundle size of 2, but in interference limited scenarios the performance is only improved with REG bundle size of 6 with MMSE-IRC receiver. 
Observation #3: In interference limited scenarios there is no system benefit from introducing requirements with 4Rx with REG bundle size of 2. 
Proposal #1: Define PDCCH test cases with interleaved CCE-to-REG mapping for 4Rx with REG bundle size of 6
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