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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution summarizes the BS IRC link results for asynchronous network based on the companies’ inputs at RAN4 #77 and RAN4 #78 meetings [1]-[10].
2. Summary of initial link results
[bookmark: _Ref442562903]Table 0: List of simulation cases
	Case Num
	PRB allocation/ Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	Option 1
	Option 2
	Option 3

	
	
	
	
	
	
	(DIP1-1, DIP1-2) dB
	(DIP1, DIP2) dB
	(DIP1-1, DIP1-2) dB

	1
	50 PRB/ 10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, N/A)
	(-1.11, -1.11)

	2
	50 PRB/ 10MHz
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, N/A)
	(-0.43, -0.43)

	3
	50 PRB/ 10MHz
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -10.91)
	(-1.11, -1.11)

	4
	50 PRB/ 10MHz
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -13.78)
	(-0.43, -0.43)

	5
	50 PRB/ 10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -10.91)
	(-1.11, -1.11)

	6
	50 PRB/ 10MHz
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -13.78)
	(-0.43, -0.43)



Table 1a: Link simulation results for option 1
	Case Num
	MMSE async, 
SNR @ 70% TP (dB)
	IRC async, 
SNR @ 70% TP (dB)
	IRC sync, 
SNR @ 70% TP (dB)

	
	CTC
	E///
	HW
	NN, ALU
	ZTE
	CTC
	E///
	HW
	NN, ALU
	SS
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	6.78
	5.31
	5.59
	5.90
	~5.5
	3.99
	3.97
	4.20
	4.30
	3.67
	~3
	2.81
	2.37
	2.52
	2.70
	~1

	2
	>10
	9.51
	9.79
	10.70
	~7
	6.73
	6.10
	6.22
	9.30
	6.62
	~5
	4.93
	3.42
	3.57
	5.70
	~2.5

	3
	>10
	9.25
	9.53
	9.50
	~8.7
	7.11
	6.72
	6.79
	7.00
	6.41
	~6
	5.77
	5.26
	5.06
	5.00
	~4.5

	4
	>10
	13.50
	13.78
	14.20
	>10
	7.73
	7.13
	7.25
	11.70
	7.67
	~7.2
	5.80
	4.56
	4.83
	6.40
	~4.5

	5
	>10
	10.00
	10.28
	10.50
	~9.2
	6.99
	7.32
	7.35
	7.70
	6.50
	~6.2
	6.12
	6.02
	5.63
	5.50
	~5

	6
	>10
	14.60
	14.88
	15.70
	
	7.12
	6.55
	6.59
	11.60
	7.60
	
	5.53
	4.82
	4.85
	6.20
	



Table 1b: Link simulation results analysis for option 1
	Case Num
	SNR gap between 
IRC async and MMSE async
	SNR gap between 
IRC async and IRC sync

	
	CTC
	E///
	HW
	NN, ALU
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	2.79
	1.34
	1.39
	1.60
	~2.5
	1.18
	1.60
	1.68
	1.60
	~2

	2
	>3.27
	3.41
	3.57
	1.40
	~2
	1.80
	2.68
	2.65
	3.60
	~2.5

	3
	>2.89
	2.53
	2.74
	2.50
	~2.7
	1.34
	1.46
	1.73
	2.00
	~1.5

	4
	>2.27
	6.37
	6.53
	2.50
	>2.8
	1.93
	2.57
	2.42
	5.30
	~2.7

	5
	>3.01
	2.68
	2.93
	2.80
	~3
	0.87
	1.30
	1.72
	2.20
	~1.2

	6
	>2.88
	8.05
	8.29
	4.10
	
	1.59
	1.73
	1.74
	5.40
	



Table 2a: Link simulation results for option 2
	Case Num
	MMSE async, 
SINR @ 70% TP (dB)
	IRC async, 
SINR @ 70% TP (dB)
	IRC sync, 
SINR @ 70% TP (dB)

	
	CTC
	E///
	HW
	NN, ALU 
	ZTE
	CTC
	E///
	HW
	NN, ALU
	SS
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	-1.38
	-1.76
	-1.78
	-1.90
	 
	-4.28
	-3.85
	-4.23
	-4.00
	-4.34
	 
	-4.53
	-3.94
	-4.51
	-4.20
	 

	2
	-2.11
	-2.39
	-1.36
	-2.20
	~-3
	-7.34
	-6.87
	-5.99
	-6.10
	-6.64
	~-7.6
	-7.48
	-7.29
	-6.26
	-6.50
	~-7.8

	3
	>1.6
	2.03
	2.63
	1.80
	 
	-1.39
	-1.25
	-1.71
	-1.90
	-1.55
	 
	-1.51
	-1.38
	-2.01
	-2.20
	 

	4
	 
	1.01
	2.18
	1.20
	~1
	-5.92
	-5.71
	-5.43
	-5.00
	-5.43
	~-5.9
	-6.24
	-6.32
	-5.72
	-5.60
	~-6.1

	5
	>1.6
	2.57
	3.79
	2.80
	 
	-1.42
	-0.86
	-1.32
	-2.10
	-1.46
	 
	-1.54
	-1.14
	-1.43
	-2.40
	 

	6
	 
	1.47
	3.47
	2.20
	~1.8
	-6.17
	-6.20
	-5.76
	-5.50
	-5.16
	~-6.8
	-6.52
	-6.76
	-5.88
	-6.20
	~-7



Table 2b: Link simulation results analysis for option 2
	Case Num
	SINR gap between 
IRC async and MMSE async
	SINR gap between 
IRC async and IRC sync

	
	CTC
	E///
	HW
	NN, ALU
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	2.89
	2.09
	2.45
	2.10
	
	0.25
	0.09
	0.28
	0.20
	

	2
	5.23
	4.48
	4.63
	3.90
	~4.6
	0.14
	0.42
	0.27
	0.40
	~0.2

	3
	>2.99
	3.28
	4.34
	3.70
	
	0.12
	0.13
	0.30
	0.30
	

	4
	
	6.72
	7.61
	6.20
	~6.9
	0.33
	0.61
	0.29
	0.60
	~0.2

	5
	>3.02
	3.43
	5.11
	4.90
	
	0.11
	0.28
	0.11
	0.30
	

	6
	
	7.67
	9.23
	7.70
	~8.6
	0.35
	0.56
	0.12
	0.70
	~0.2



Table 3a: Link simulation results for option 3
	Case Num
	MMSE async, 
SINR @ 70% TP (dB)
	IRC async, 
SINR @ 70% TP (dB)
	IRC sync, 
SINR @ 70% TP (dB)

	
	CTC
	E///
	HW
	NN, ALU 
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	-1.40
	-1.73
	-0.97
	0.90
	~-2.3
	-3.00
	-2.64
	-2.46
	-0.60
	~-3.5
	-4.57
	-3.93
	-3.95
	-2.30
	~-5

	2
	-2.10
	-2.63
	-0.58
	3.20
	~-2.8
	-4.73
	-4.48
	-4.16
	1.90
	~-4.8
	-7.30
	-7.29
	-6.70
	-1.70
	~-7.8

	3
	2.50
	2.12
	3.00
	4.60
	>2
	0.34
	0.59
	0.31
	2.20
	~-0.7
	-1.07
	-0.88
	-1.14
	0.00
	~-1.7

	4
	 
	0.84
	3.37
	6.70
	~1.7
	-3.32
	-3.36
	-3.06
	4.20
	~-3.1
	-5.34
	-5.59
	-5.56
	-1.10
	~-5.5

	5
	3.01
	2.70
	3.77
	5.60
	>2
	0.36
	1.54
	0.81
	2.80
	~-0.7
	-0.63
	-0.02
	-0.49
	0.60
	~-1.4

	6
	 
	1.45
	4.48
	8.20
	 
	-3.78
	-3.85
	-3.83
	4.00
	~-3.7
	-4.97
	-5.32
	-5.54
	-1.30
	~-5.2



Table 3b: Link simulation results analysis for option 3
	Case Num
	SINR gap between 
IRC async and MMSE async
	SINR gap between 
IRC async and IRC sync

	
	CTC
	E///
	HW
	NN, ALU
	ZTE
	CTC
	E///
	HW
	NN, ALU
	ZTE

	1
	1.61
	0.91
	1.49
	1.50
	~1.2
	1.57
	1.29
	1.49
	1.70
	~1.5

	2
	2.63
	1.85
	3.58
	1.30
	~2
	2.58
	2.81
	2.54
	3.60
	~3

	3
	2.16
	1.53
	2.69
	2.40
	>2.7
	1.41
	1.47
	1.45
	2.20
	~1

	4
	
	4.20
	6.43
	2.50
	~4.8
	2.02
	2.23
	2.50
	5.30
	~2.4

	5
	2.65
	1.16
	2.96
	2.80
	>2.7
	0.98
	1.56
	1.30
	2.20
	~0.7

	6
	
	5.30
	8.31
	4.20
	
	1.18
	1.47
	1.71
	5.30
	~1.5



Observations from companies’ results:
· With option 2, IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
· With option 1 and 3, IRC performance in asynchronous scenario is worse than that in synchronous scenario, and in asynchronous scenario IRC receiver can achieve obvious performance gain compared to MMSE receiver.
· In such cases, different fast-fading channel seeds are used in two continuous TTIs of the interference, and the IRC receiver in asynchronous scenario needs to suppress the interference from two different spatial directions.
· The separation in performance between the sync IRC and the async IRC cases are similar for option 1 and option 3.
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Annex A: Detailed descriptions on the interference models
This section describes three options for asynchronous network interference model.
· Option 1: Modelling of time-varying interference in terms of interference power and fast fading
· Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are different, and different channel seeds are used for the desired UE and interfering UEs.
· As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
[image: ]
Figure A-1: Modeling of time-varying interference: One explicit interfering cell

· Option 2: The only difference compare to the synchronous simulation setup is to model certain timing offsets 
· Model two simultaneous interfering UEs, and the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
Note: model only one interfering UE for 2Rx cases.
[image: ]
Figure A-2: Two simultaneous interfering UEs

· Option 3: Modeling of time-varying interference in terms of fast fading
· The only difference compared to Option 1 is that the interference power of UE 1-1 and UE 1-2 are the same.
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Note: Use different channel seeds for the three UEs.
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