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1. Introduction

In the last meeting, BS IC time and frequency offset (TO&FO) was discussed, and the following agreements were reached [1]:
· 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]
This contribution further discusses the time and frequency offset for BS IC.
2. Simulation results
Based on the agreed simulation case list in [2] and simulation assumption in [3], our detailed simulation results for these agreed cases without and with TO&FO are provided in our companion papers in [4] [5] respectively. The SINR working points are summarized in Table 1 to Table 4 below.
Table 1. UE1’s SINR (dB) at 85% maximum throughput, 2Rx, Equal SNR
	
	
	UE1
	UE2

	Case 1-a1
	Baseline receiver
	without offset
	4.92
	4.78

	
	
	with offset
	4.66 
	4.76 

	
	Reference receiver
	without offset
	1.59 
	1.66 

	
	
	with offset
	1.64 
	1.61 

	Case 1-a2
	Baseline receiver
	without offset
	11.19 
	11.44 

	
	
	with offset
	11.77 
	11.57 

	
	Reference receiver
	without offset
	8.30 
	8.32 

	
	
	With offset
	8.62 
	8.60 

	Case 1-b1
	Baseline receiver
	without offset
	12.77 
	12.87 

	
	
	with offset
	13.06 
	13.05 

	
	Reference receiver
	without offset
	10.96 
	10.94 

	
	
	With offset
	11.25 
	11.22 

	Case 1-b2
	Baseline receiver
	without offset
	6.71 
	6.77 

	
	
	with offset
	6.83 
	6.76 

	
	Reference receiver
	without offset
	4.90 
	4.89 

	
	
	With offset
	4.92 
	4.96 

	Case 1-c
	Baseline receiver
	without offset
	18.09 
	17.83 

	
	
	with offset
	17.90 
	18.40 

	
	Reference receiver
	without offset
	14.69 
	14.71 

	
	
	With offset
	15.28 
	15.32 


Table 2. UE1’s SINR (dB) at 85% maximum throughput, 4Rx, Equal SNR
	
	
	UE1
	UE2
	UE3
	UE4

	Case 2-a1
	Baseline receiver
	without offset
	-0.10 
	0.44 
	0.25 
	0.01 

	
	
	with offset
	0.29 
	0.46 
	0.38 
	0.11 

	
	Reference receiver
	without offset
	-3.67 
	-3.71 
	-3.72 
	-3.66 

	
	
	With offset
	-3.66 
	-3.79 
	-3.75 
	-3.82 

	Case 2-a2
	Baseline receiver
	without offset
	9.25 
	8.79 
	9.08 
	9.08 

	
	
	with offset
	9.08 
	9.10 
	8.88 
	9.25 

	
	Reference receiver
	without offset
	3.71 
	3.71 
	3.75 
	3.74 

	
	
	With offset
	3.71 
	3.74 
	3.76 
	3.75 

	Case 2-b1
	Baseline receiver
	without offset
	11.55 
	11.58 
	11.62 
	11.59 

	
	
	with offset
	11.79 
	11.72 
	11.68 
	11.81 

	
	Reference receiver
	without offset
	8.57 
	8.56 
	8.56 
	8.56 

	
	
	With offset
	8.68 
	8.68 
	8.67 
	8.68 

	Case 2-b2
	Baseline receiver
	without offset
	4.66 
	4.73 
	4.75 
	4.74 

	
	
	with offset
	4.66 
	4.71 
	4.68 
	4.75 

	
	Reference receiver
	without offset
	2.29 
	2.29 
	2.28 
	2.26 

	
	
	With offset
	2.27 
	2.30 
	2.30 
	2.32 


Table 3. UE1’s SINR (dB) at 85% maximum throughput, 2Rx, Unequal SNR
	
	
	UE1
	UE2

	Case 1-a1
	Baseline receiver
	without offset
	5.59
	0.31

	
	
	with offset
	5.69 
	-0.02 

	
	Reference receiver
	without offset
	0.25 
	-1.19 

	
	
	with offset
	0.36 
	-0.98 

	Case 1-a2
	Baseline receiver
	without offset
	12.01 
	7.52

	
	
	with offset
	12.42 
	7.28 

	
	Reference receiver
	without offset
	6.80 
	6.17 

	
	
	with offset
	7.23 
	6.33 

	Case 1-b1
	Baseline receiver
	without offset
	13.38 
	9.06 

	
	
	with offset
	13.70 
	9.25 

	
	Reference receiver
	without offset
	9.32 
	8.53 

	
	
	with offset
	9.69 
	8.70 

	Case 1-b2
	Baseline receiver
	without offset
	7.46 
	2.87 

	
	
	with offset
	7.54 
	2.91 

	
	Reference receiver
	without offset
	3.95 
	2.25 

	
	
	with offset
	4.04 
	2.21 

	Case 1-c
	Baseline receiver
	without offset
	18.39 
	14.17 

	
	
	with offset
	18.55 
	14.37 

	
	Reference receiver
	without offset
	13.34 
	12.91 

	
	
	with offset
	14.38 
	13.20 

	Case 1-d
	Baseline receiver
	without offset
	5.56 
	7.34 

	
	
	with offset
	6.14 
	7.41 

	
	Reference receiver
	without offset
	3.13 
	3.46 

	
	
	with offset
	3.39 
	3.87 

	Case 1-e
	Baseline receiver
	without offset
	12.30 
	0.21 

	
	
	with offset
	12.04 
	0.49 

	
	Reference receiver
	without offset
	4.14 
	-0.57 

	
	
	with offset
	4.66 
	0.02 


Table 4. UE1’s SINR (dB) at 85% maximum throughput, 4Rx, Unequal SNR
	
	
	UE1
	UE2
	UE3
	UE4

	Case 2-a1
	Baseline receiver
	without offset
	2.15 
	-4.89 
	2.16 
	-4.92 

	
	
	with offset
	2.49 
	-4.91 
	2.03 
	-4.74 

	
	Reference receiver
	without offset
	-4.54 
	-6.92 
	-4.57 
	-6.86 

	
	
	With offset
	-4.57 
	-6.80 
	-4.61 
	-6.91 

	Case 2-a2
	Baseline receiver
	without offset
	10.25 
	4.43 
	10.18 
	3.98 

	
	
	with offset
	10.45 
	4.45 
	10.47 
	4.26 

	
	Reference receiver
	without offset
	2.29 
	0.71 
	2.34 
	0.63 

	
	
	with offset
	2.48 
	0.44 
	2.45 
	0.51 

	Case 2-b1
	Baseline receiver
	without offset
	12.40 
	7.45 
	12.54 
	7.44 

	
	
	with offset
	12.76 
	7.50 
	12.74 
	7.62 

	
	Reference receiver
	without offset
	6.97 
	5.14 
	6.97 
	5.15 

	
	
	with offset
	7.25 
	5.29 
	7.22 
	5.27 

	Case 2-b2
	Baseline receiver
	without offset
	5.79 
	0.59 
	5.83 
	0.57 

	
	
	with offset
	5.80 
	0.57 
	5.72 
	0.56 

	
	Reference receiver
	without offset
	1.45 
	-1.12 
	1.46 
	-1.13 

	
	
	with offset
	1.49 
	-1.10 
	1.52 
	-1.09 

	Case 2-c
	Baseline receiver
	without offset
	2.14 
	4.33 
	2.07 
	4.29 

	
	
	with offset
	1.83 
	4.39 
	2.23 
	4.58 

	
	Reference receiver
	without offset
	-2.16 
	-1.42 
	-2.14 
	-1.35 

	
	
	with offset
	-2.07 
	-1.40 
	-2.19 
	-1.48 

	Case 2-d
	Baseline receiver
	without offset
	10.28 
	-4.54 
	10.23 
	-4.53 

	
	
	with offset
	10.51 
	-4.67 
	10.03 
	-4.75 

	
	Reference receiver
	without offset
	-0.44 
	-6.95 
	-0.50 
	-6.88 

	
	
	with offset
	-0.16 
	-7.02 
	-0.41 
	-6.95 


3. Observations and proposals

It is seen from the simulation results in section 2 that:
Observation 1: Based on our simulation results, the performance degradation due to TO&FO is not obvious.
Since there is no obvious impact on throughput performance due to TO&FO, it is questioned whether it is necessary to model the TO&FO. From operator’s point of view, we suggest to model it in IC test, since:

· Firstly, TO&FO are non-ideal factors existing in real network.

· Secondly, to our view, how much the TO&FO impacting the IC/baseline performance depends on the multi-user channel estimation and IC algorithms. Only with robust channel estimation and IC algorithms against TO&FO, the performance degradation due to TO&FO would be small.
· So, it is meaningful to evaulate and test IC performance with TO&FO, and to check the stability of the receiver algorithm. So that IC can work well in practical.
Observation 2: Only with robust channel estimation and IC algorithms against TO&FO, the performance degradation due to TO&FO is small.
Proposal 1: Capture the simulation results without and with TO&FO into the TR.
Proposal 2: For developing test case in the follow-up WI, it is recommended to model TO&FO, so as to check the stability of the receiver algorithm.
4. Conclusion
This contribution discussed the TO&FO for BS IC, with the following observations and proposals:

Observation 1: Based on our simulation results, the performance degradation due to TO&FO is not obvious.
Observation 2: Only with robust channel estimation and IC algorithms against TO&FO, the performance degradation due to TO&FO is small.
Proposal 1: Capture the simulation results without and with TO&FO into the TR.
Proposal 2: For developing test case in the follow-up WI, it is recommended to model TO&FO, so as to check the stability of the receiver algorithm.
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