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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 this contribution we present simulation results for PDCCH test cases to define requirements.
2. Simulation Results

2.1 Alignment results with 2Rx
For the test cases agreed in [1], we provide the results for alignment for SNR at 1% Pm-dsg for 2Rx. The results are with simplified TDL channel models agreed in [2].


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
	TDL-A, 30ns, 10Hz
	1x2 Low
	6.01

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x2 Low
	-0.87

	3
	15
	1_1
	24
	51
	2
	2
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x2 Low
	5.80

	4
	15
	1_1
	48
	51
	2
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x2 Low
	3.58

	5
	15
	1_1
	48
	51
	2
	8
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x2 Low
	-4.02

	6
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 10Hz
	1x2 Low
	5.33

	6a
	30
	1_0
	90
	41
	1
	2
	Interleaved
	6
	3
	TDL-A, 30ns, 10Hz
	1x2 Low
	4.45

	7
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDL-C, 300ns, 100Hz
	1x2 Low
	1.64

	7a
	30
	1_1
	90
	53
	1
	4
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	1x4 Low
	-0.16

	8
	30
	1_1
	90
	53
	1
	8
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	2x2 Low
	-3.67

	9
	120
	1_0
	60
	40
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	1x2 Low
	4.27

	10
	120
	1_1
	60
	52
	1
	4
	Interleaved
	6
	2
	TDL-A, 30ns, 300Hz
	1x2 Low
	-0.13

	11
	120
	1_1
	60
	52
	1
	8
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	2x2 Low
	-2.18

	12
	15
	1_0
	48
	39
	1
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x2 Low
	2.38

	13
	15
	1_1
	48
	51
	1
	8
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	2x2 Low
	-2.48

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x2 Low
	-3.95

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x2 Low
	-6.63

	16
	120
	1_0
	60
	40
	2
	16
	Interleaved
	2
	3
	TDL-A, 30ns, 75Hz
	2x2 Low
	-5.05



2.2 Alignment results with 4Rx
For the test cases agreed in [1], we provide the results for alignment for SNR at 1% Pm-dsg with 4Rx. The results are with simplified TDL channel models agreed in [2].

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
	TDL-A, 30ns, 10Hz
	1x4 Low
	0.47

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x4 Low
	-4.61

	3
	15
	1_1
	24
	51
	2
	2
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x4 Low
	0.59

	4
	15
	1_1
	48
	51
	2
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Low
	-1.61

	5
	15
	1_1
	48
	51
	2
	8
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x4 Low
	-7.04

	6
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 10Hz
	1x4 Low
	4.09

	6a
	30
	1_0
	90
	41
	1
	2
	Interleaved
	6
	3
	TDL-A, 30ns, 10Hz
	1x4 Low
	-0.66

	7
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDL-C, 300ns, 100Hz
	1x4 Low
	2.02

	7a
	30
	1_1
	90
	53
	1
	4
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	1x4 Low
	-3.82

	8
	30
	1_1
	90
	53
	1
	8
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	2x4 Low
	-6.79

	12
	15
	1_0
	48
	39
	1
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Low
	-2.49

	13
	15
	1_1
	48
	51
	1
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	2x4 Low
	-3.29

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Low
	-7.76

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x4 Low
	-9.39

	15a
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x4 Med-A
	-5.30








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
	7.51
	1x4 Low
	1.97

	2
	2x2 Low
	0.63
	2x4 Low
	-3.11

	3
	1x2 Low
	7.30
	1x4 Low
	2.09

	4
	1x2 Low
	5.08
	1x4 Low
	-0.11

	5
	2x2 Low
	-2.52
	2x4 Low
	-5.54

	6
	1x2 Low
	6.83
	1x4 Low
	5.59

	6a
	1x2 Low
	5.95
	1x4 Low
	0.84

	7
	1x2 Low
	3.14
	1x4 Low
	3.52

	7a
	1x2 Low
	1.34
	1x4 Low
	-2.32

	8
	2x2 Low
	-2.17
	2x4 Low
	-5.29

	9
	1x2 Low
	5.77
	-
	-

	10
	1x2 Low
	1.37
	-
	-

	11
	2x2 Low
	-0.68
	-
	-

	12
	1x2 Low
	3.88
	1x4 Low
	-0.99

	13
	2x2 Low
	-0.98
	2x4 Low
	-1.79

	14
	1x2 Low
	-2.45
	1x4 Low
	-6.26

	15
	1x2 Low
	-5.13
	1x4 Low
	-7.89

	15a
	-
	-
	1x4 Med-A
	-3.80

	16
	2x2 Low
	-3.55
	-
	-



3. Conclusion
In this paper we present alignment and impairment results for PDCCH to define NR PDCCH demodulation requirements for Rel-15.
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