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1 Introduction
The SI “Study on interference cancellation receiver for LTE BS” [1] was approved in RAN#73. In RAN4#82, a number of WFs were agreed regarding the detailed simulation assumptions [2], the modeling of TO/FO in the simulation [3], as well as the interference modeling and simulation cases [4]. 
In [4] it was agreed to study 2RX with 2 co-scheduled UEs and 4RX with 4 co-scheduled UEs, for both equal and unequal SNR cases. In addition, for TO/FO, below was agreed in [3].
	· Companies are welcome to provide the simulation results with time & frequency offset for all the simulation cases in the Apr meeting.

· Time offset

· 2 intra-cell UEs: [-1, 1] us for [UE1, UE2]

· 4 intra-cell UEs: [-1, -0.5, 0.5, 1] us for [UE1, UE2, UE3, UE4]

· Frequency offset

· 2 intra-cell UEs: [-200, 200] Hz for [UE1, UE2]

· 4 intra-cell UEs: [-200, -100, 100, 200] Hz for [UE1, UE2, UE3, UE4]


In this paper, we will provide our simulation results for both equal and unequal SNR cases with TO/FO, and also our views on whether to include TO/FO for possible performance test.  
2 Discussion
First we analyse the impact of TO/FO to the multi-user reception performance, by comparing the two cases as below.

· TO/FO modelled but not handled in receiver algorithm  

· TO/FO modelled and handled in receiver algorithm  
Case E2-a1 and E2-b1 are used for this comparison, and sum throughput is considered. Results are shown in Table 1.
Table 1: Performance with and without TO/FO handling

	Case
	SNR at 0.85*TP, TO/FO handled, Baseline
	SNR at 0.85*FullTP, TO/FO not handled, Baseline
	SNR at 0.85*FullTP, TO/FO handled, Reference
	SNR at 0.85*FullTP, TO/FO not handled, Reference

	E2-a1
	1.57
	2.83
	-2.82
	-1.58

	E2-b1
	11.03
	12.08
	8.52
	10.48


When TO/FO exist, which is the typical case in realistic network, it will impact the performance if not handled properly. In particular, for multi-user scheduling, the TO/FO will degrade the orthogonality among UEs, thus causing performance loss in channel estimation and demodulation. From Table 1 we can observe 1-2dB loss when TO/FO is not handled. Therefore, our preference is to include TO/FO in the possible performance tests.

Proposal 1: Include TO/FO in the possible performance tests.

Next, we provide our simulation results with TO/FO.
The agreed simulation cases for equal SNR are as in Table 2 [4]. 
Table 2: simulation cases for equal SNR

	Case No.
	Rx antenna
	No. of UEs
	Propagation condition
	MCS level 
(intra-cell UEs)
	Inter-cell interference scenario

	1-a1
	2Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	High interference level in HetNet: DIP1= -0.43 dB

	1-a2
	
	
	
	MCS 15
	

	1-b1
	
	
	(EVA70 low, ETU70 low)
	MCS 15
	Low interference level in HomNet: DIP1 = -5.45 dB

	1-b2
	
	
	
	MCS 10
	

	1-c
	
	
	(EPA5 low, ETU5 low)
	MCS21
	High interference level in HetNet: DIP1= -0.43 dB

	2-a1
	4Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS10
	High interference level in HetNet: DIP1= -0.43 dB

	2-a2
	
	
	
	MCS 15
	

	2-b1
	
	
	(EVA70 low, ETU70 low)
	MCS15 
	Low interference level in HomNet: DIP1 = -5.45 dB

	2-b2
	
	
	
	MCS 10
	

	Note: 
· Companies are invited to provide results for case 1-a1, 1-b1, 2-a1, 2-b1. 
· Companies are also welcomed to provide results for case 1-a2, 1-b2, 1-c, 2-a2, 2-b2.


Our simulation results for equal SNR with TO/FO are summarized in Table 3 showing SNR levels at 85% throughput, and Table 4 showing the IC gain at 85% throughput. The individual throughput from each co-scheduled UEs is shown. 

Table 3: SNR with baseline and reference receiver at 85% maximum throughput, equal SNR, with TO/FO
	RX
	Case
	UE1 Baseline
	UE1 Reference
	UE2 Baseline
	UE2 Reference
	UE3 Baseline
	UE3 Reference
	UE4 Baseline
	UE4 Reference

	2
	E1-a1
	5.58
	2.68
	5.75
	2.87
	
	
	
	

	
	E1-a2
	11.72
	9.27
	11.83
	9.39
	
	
	
	

	
	E1-b1
	12.39
	11.06
	12.41
	11.08
	
	
	
	

	
	E1-b2
	6.66
	5.25
	6.71
	5.25
	
	
	
	

	
	E1-c
	18.64
	16.08
	18.57
	16.19
	
	
	
	

	4
	E2-a1
	1.58
	-2.77
	2.37
	-2.66
	1.07
	-2.94
	1.25
	-2.91

	
	E2-a2
	10.53
	5.29
	10.67
	5.40
	9.76
	5.32
	9.76
	5.26

	
	E2-b1
	11.1
	8.51
	11.02
	8.51
	11.02
	8.55
	10.96
	8.51

	
	E2-b2
	4.43
	2.06
	4.4
	2.1
	4.4
	2.06
	4.33
	2.01


Table 4: IC gain at 85% maximum throughput, equal SNR, with TO/FO
	RX
	Case
	UE1
	UE2
	UE3
	UE4

	2
	E1-a1
	2.9
	2.89
	
	

	
	E1-a2
	2.45
	2.44
	
	

	
	E1-b1
	1.33
	1.33
	
	

	
	E1-b2
	1.4
	1.46
	
	

	
	E1-c
	2.56
	2.39
	
	

	4
	E2-a1
	4.36
	5.03
	4.01
	4.16

	
	E2-a2
	5.24
	5.27
	4.45
	4.50

	
	E2-b1
	2.59
	2.5
	2.46
	2.45

	
	E2-b2
	2.37
	2.3
	2.34
	2.33


The agreed simulation cases for unequal SNR are as in Table 5 [4]. 

Table 5: simulation cases for unequal SNR

	Case No.
	Rx antenna
	No. of UEs
	Propagation condition
	MCS level 
(intra-cell UEs)
	Inter-cell interference scenario

	1-a1
	2Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	High interference level in HetNet: DIP1= -0.43 dB

	1-a2
	
	
	
	MCS 15
	

	1-b1
	
	
	(EVA70 low, ETU70 low)
	MCS 15
	Low interference level in HomNet: DIP1 = -5.45 dB

	1-b2
	
	
	
	MCS 10
	

	1-c
	
	
	(EPA5 low, ETU5 low)
	MCS21
	High interference level in HetNet: DIP1= -0.43 dB

	1-d
	
	
	(EPA5 low, ETU5 low)
	MCS 10 for UE1

MCS 15 for UE2
	High interference level in HetNet: DIP1= -0.43 dB

	1-e
	
	
	(EPA5 low, ETU5 low)
	MCS 15 for UE1

MCS 10 for UE2
	High interference level in HetNet: DIP1= -0.43 dB

	2-a1
	4Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS10
	High interference level in HetNet: DIP1= -0.43 dB

	2-a2
	
	
	
	MCS 15
	

	2-b1
	
	
	(EVA70 low, ETU70 low)
	MCS15 
	Low interference level in HomNet: DIP1 = -5.45 dB

	2-b2
	
	
	
	MCS 10
	

	2-c
	
	
	(EPA5 low, ETU5 low)
	MCS 10 for UE1&3

MCS 15 for UE2&4
	High interference level in HetNet: DIP1= -0.43 dB

	2-d
	
	
	(EPA5 low, ETU5 low)
	MCS 15 for UE1&3

MCS 10 for UE2&4
	High interference level in HetNet: DIP1= -0.43 dB

	Note: 
· Companies are invited to provide results for case 1-a1, 1-b1, 2-a1, 2-b1. 
· Companies are also welcomed to provide results for case 1-a2, 1-b2, 1-c, 2-a2, 2-b2.


Our simulation results are summarized in Table 6 showing SNR levels at 85% throughput, and Table 7 showing the IC gain at 85% throughput. The individual throughput from each co-scheduled UEs is shown. 

Table 6: SNR with baseline and reference receiver at 85% maximum throughput, unequal SNR, with TO/FO
	RX
	Case
	UE1 Baseline
	UE1 Reference
	UE2 Baseline
	UE2 Reference
	UE3 Baseline
	UE3 Reference
	UE4 Baseline
	UE4 Reference

	2
	U1-a1
	6.77
	1.67
	1.07
	0.24
	
	
	
	

	
	U1-a2
	12.53
	7.8
	7.71
	7.1
	
	
	
	

	
	U1-b1
	13.13
	9.56
	8.57
	8.66
	
	
	
	

	
	U1-b2
	7.42
	4.46
	2.74
	2.48
	
	
	
	

	
	U1-c
	19.06
	14.71
	14.98
	14
	
	
	
	

	
	U1-d
	6.78
	4.2
	7.71
	4.75
	
	
	
	

	
	U1-e
	12.56
	5.67
	1.07
	1.15
	
	
	
	

	4
	U2-a1
	4.02
	-3.33
	-3.65
	-5.98
	3.5
	-3.63
	-4.47
	-6.25

	
	U2-a2
	11.51
	4.06
	5.86
	2
	10.9
	3.87
	4.84
	1.84

	
	U2-b1
	12.11
	7.17
	6.59
	5.14
	11.98
	7.11
	6.53
	5.14

	
	U2-b2
	5.5
	1.49
	0
	-1.03
	5.48
	1.45
	-0.05
	-1.09

	
	U2-c
	4.03
	-0.95
	5.84
	-0.28
	3.51
	-1
	4.85
	-0.4

	
	U2-d
	11.51
	1.35
	-3.65
	-6.01
	10.9
	1.07
	-4.45
	-6.3


Table 7: IC gain at 85% maximum throughput, unequal SNR, with TO/FO

	RX
	Case
	UE1 
	UE2 
	UE3 
	UE4 

	2
	U1-a1
	5.1
	0.84
	
	

	
	U1-a2
	4.73
	0.61
	
	

	
	U1-b1
	3.57
	-0.09
	
	

	
	U1-b2
	2.97
	0.27
	
	

	
	U1-c
	4.35
	0.99
	
	

	
	U1-d
	2.58
	2.96
	
	

	
	U1-e
	6.88
	-0.09
	
	

	4
	U2-a1
	7.35
	2.33
	7.13
	1.78

	
	U2-a2
	7.45
	3.86
	7.03
	3

	
	U2-b1
	4.94
	1.45
	4.87
	1.39

	
	U2-b2
	4.01
	1.03
	4.03
	1.04

	
	U2-c
	4.98
	6.12
	4.52
	5.25

	
	U2-d
	9.98
	2.36
	9.83
	1.85


3 Conclusions 

In this paper, we provided our simulation results for BS IC with TO/FO, and our results are summarized in Table 3 and 4 for equal SNR, and Table 6 and Table 7 for unequal SNR. 
Specifically, on whether to include TO/FO in the possible performance test we have the following proposal.

Proposal 1: Include TO/FO in the possible performance tests.  
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