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1. Introduction
In RAN4#90 NR PDCCH UE demodulation requirements were discussed and way forward [1] was agreed. The agreements from the way forward are summarized below
	· Test cases with 4Rx and AL=16
· Introducing FR1 15kHz test with 4Rx AL16 (test 14)- TDL-A ULA Medium A
· MIMO correlation for FR1 30kHz test with 4Rx AL 16 (15b)
· TDL-A, ULA Medium A 
· REG bundle size for test cases with 4Rx and interleaved mapping
· using bundle size =2 (test 6a,7a adopted)
· RAN4 will finalize the Rel-15 PDCCH demodulation requirements for test cases listed in pages 4 and 5 in RAN4#90bis
· Requirements will not be updated after RAN4#90bis unless the technical issues remain




2. Simulation Results
For the test cases agreed in [1], we provide alignment and impairments results for requirements definition for NR PDCCH demodulation.
2.1 Alignment results with 2Rx
In this section we provide results for alignment as SNR at 1% Pm-dsg with 2Rx. 

Table 1: PDCCH Alignment Results with 2Rx
	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

	1
	15
	1_0
	24
	39
	2
	2
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x2 Low
	6.04

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	2x2 Low
	-0.72

	3
	15
	1_1
	24
	52
	2
	2
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	1x2 Low
	5.92

	4
	15
	1_1
	48
	52
	2
	4
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x2 Low
	3.66

	5
	15
	1_1
	48
	52
	2
	8
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	2x2 Low
	-3.99

	6
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDLA30; 10Hz
	1x2 Low
	5.28

	7
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDLC300; 100Hz
	1x2 Low
	1.62

	8
	30
	1_1
	90
	53
	1
	8
	Interleaved
	6
	3
	TDLC300; 100Hz
	2x2 Low
	-3.74

	9
	120
	1_0
	60
	40
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	1x2 Low
	4.26

	10
	120
	1_1
	60
	56
	1
	4
	Interleaved
	6
	2
	TDL-A, 30ns, 300Hz
	1x2 Low
	0.15

	11
	120
	1_1
	60
	56
	1
	8
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	2x2 Low
	-1.90

	12
	15
	1_0
	48
	39
	1
	4
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x2 Low
	2.39

	13
	15
	1_1
	48
	52
	1
	8
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	2x2 Low
	-2.32

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x2 Low
	-3.91

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	1x2 Low
	-6.63

	16
	120
	1_0
	60
	40
	2
	16
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	2x2 Low
	-5.01



2.2 Alignment results with 4Rx
In this section we provide results for alignment as SNR at 1% Pm-dsg with 4Rx. 

Table 2: PDCCH Alignment Results 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

	1
	15
	1_0
	24
	39
	2
	2
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x4 Low
	1.02

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	2x4 Low
	-4.02

	3
	15
	1_1
	24
	51
	2
	2
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	1x4 Low
	1.25

	4
	15
	1_1
	48
	51
	2
	4
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x4 Low
	-1.01

	5
	15
	1_1
	48
	51
	2
	8
	Non-interleaved
	6
	NA
	TDLC300; 100Hz
	2x4 Low
	-6.50

	6
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDLA30; 10Hz
	1x4 Low
	0.46

	7
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDLC300; 100Hz
	1x4 Low
	-2.39

	8
	30
	1_1
	90
	53
	1
	8
	Interleaved
	6
	3
	TDLC300; 100Hz
	2x4 Low
	-5.72

	12
	15
	1_0
	48
	39
	1
	4
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x4 Low
	-1.54

	13
	15
	1_1
	48
	51
	1
	4
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	2x4 Low
	-2.22

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x4 Med-A
	-4.50

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDLA30; 10Hz
	1x4 Med-A
	-4.77



2.3 Impairment Results
For the agreed PDCCH test cases we provide the results with impairment margin added in the table below.

Table 3: Impairment results for PDCCH test cases
	Test No.
	Ant config
	SNR @ 1% Pm-dsg
	Ant config
	SNR @ 1% Pm-dsg

	1
	1x2 Low
	7.54
	1x4 Low
	2.52

	2
	2x2 Low
	0.78
	2x4 Low
	-2.52

	3
	1x2 Low
	7.42
	1x4 Low
	2.75

	4
	1x2 Low
	5.16
	1x4 Low
	0.49

	5
	2x2 Low
	-2.49
	2x4 Low
	-5.00

	6
	1x2 Low
	6.78
	1x4 Low
	1.96

	7
	1x2 Low
	3.12
	1x4 Low
	-0.89

	8
	2x2 Low
	-2.24
	2x4 Low
	-4.22

	9
	1x2 Low
	5.76
	-
	-

	10
	1x2 Low
	1.65
	-
	-

	11
	2x2 Low
	-0.40
	-
	-

	12
	1x2 Low
	3.89
	1x4 Low
	-0.04

	13
	2x2 Low
	-0.82
	2x4 Low
	-0.72

	14
	1x2 Low
	-2.41
	1x4 Med-A 
	-3.00

	15
	1x2 Low
	-5.13
	1x4 Med-A
	-3.27

	16
	2x2 Low
	-3.51
	-
	-



3. PDCCH Demodulation Requirements
From the results collected in RAN4#90, for the test cases with span in results within 2.5 dB it was agreed to introduce tentative requirements in 38.101-4. For test cases with large span the requirements are TBD. In order to define NR PDCCH demodulation requirements for Rel-15, in case the span in results is > 2.5dB in RAN4#90bis, we propose the following options:
Option1: Increase the margin added to derive SNR requirement from 0.5 dB to 1 dB
Option2: Eliminate outliers from results for SNR requirement derivation in order to bring the span in results within 2.5 dB.
Based on the results submitted in RAN4#90bis we recommend to use either approach and finalize requirements for NR PDCCH. 
Proposal #1: For test cases with span > 2.5dB – Option1: Increase margin to derive SNR requirement (or) Option2: eliminate outlier results to derive SNR requirements

4. Conclusion
In this paper we present simulation results and our views on defining NR PDCCH demodulation requirements and have the following proposals.
Proposal #1: For test cases with span > 2.5dB – Option1: Increase margin to derive SNR requirement (or) Option2: eliminate outlier results to derive SNR requirements
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