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1. Introduction

The BS IC SI is planned to be completed in this meeting. In the last meeting, our paper in [1] [2] discussed the intra-cell interference model, time and frequency offset (TO&FO) and link assumptions. This paper continues discussing the remaining issues as follows:
· Whether or not to model TO&FO
· Recommended test case set for defining performance requirements
· Recommended test metric for defining performance requirements
2. Time and frequency offset

In the last meeting, one TP on link level simulation results with TO&FO was agreed in [3], which capture the simulation results from 2 individual companies. Furthermore, it was agreed in [4] that:

· More companies are invited to provide the simulation results with time and frequency offset.
Here we further discuss the need of modeling TO&FO for BS IC performance requirements. 

By comparing our simulation results without and with TO&FO respectively in [5] [6], we find that:
Observation 1: Based on our simulation results, the performance degradation due to TO&FO is not obvious.
With 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: For defining performance requirements in the follow-up WI, it is recommended to model TO&FO, so as to check the stability of the receiver algorithm.
3. Recommended test case set
The simulation case list agreed in RAN4 #82 includes 9 simulation cases for equal SNR and 13 cases for unequal SNR [7]. It is impossible to introduce all these cases for performance requirements. Considering how to down-select the test case, it was agreed in the last meeting that [4]:
· Principle for down-selecting test case
· BS Rx number: cover 2Rx and 4Rx
· Propagation condition (intra-cell UEs, inter-cell UEs): cover (EPA5 low, ETU5 low), (EVA70 low, ETU70 low)
· Inter-cell interference scenario: cover high and/or low interference levels
· MCS: cover MCS 10/15
· MCS 21 could be considered if the motivation is justified
Additionally, 7 examples on possible test cases set are provided for information in [4], and these examples provide some guideline on how the test cases would be down-selected based on the principle. 
In the following, our views on test case down-selection are provided. 

3.1. Test case number for 2/4 Rx BS
We think the test case number for 2Rx BS and 4Rx BS should be the same. If there is 3 cases for 2Rx BS and 1 case for 4Rx BS, one of the propagation conditions and interference levels cannot be covered for 4Rx BS test. For example, for option 5 in [4], (EVA70 low, ETU70 low) channel and low interference level is not covered for 4Rx BS.
Observation 3: If there is 3 cases for 2Rx BS and 1 case for 4Rx BS, one of the propagation conditions and interference levels cannot be covered for 4Rx BS. 

Proposal 2: For defining performance requirements in the follow-up WI, it is recommended to introduce 2 test cases for 2Rx BS, and 2 test cases for 4Rx BS. 
3.2. Need of including MCS 21
In this sub-section, we discuss the need of including MCS 21. In Table 1, our simulation results for MCS 10, 15, MCS 21 are compared. Note that excepting the MCS, the other simulation assumptions are the same.
Table 1. UE1’s SINR (dB) at 85% maximum throughput, MCS 10, 15, 21
	SNR distribution
	Case No.
	MCS level
	Receiver
	UE1
	UE2

	Equal SNR
	Case 1-a1
	MCS 10
	Baseline receiver
	4.92 
	4.78 

	
	
	
	Reference receiver
	1.59 
	1.66 

	
	
	
	IC gain
	3.32 
	3.13 

	
	Case 1-a2
	MCS 15
	Baseline receiver
	11.19 
	11.44 

	
	
	
	Reference receiver
	8.30 
	8.32 

	
	
	
	IC gain
	2.89 
	3.12 

	
	Case 1-c
	MCS 21
	Baseline receiver
	18.09
	17.83

	
	
	
	Reference receiver
	14.69
	14.71

	
	
	
	IC gain
	3.40
	3.13

	Unequal SNR
	Case 1-a1
	MCS 10
	Baseline receiver
	5.59 
	0.31 

	
	
	
	Reference receiver
	0.25 
	-1.19 

	
	
	
	IC gain
	5.35 
	1.50 

	
	Case 1-a2
	MCS 15
	Baseline receiver
	12.01 
	7.52 

	
	
	
	Reference receiver
	6.80 
	6.17 

	
	
	
	IC gain
	5.21 
	1.34 

	
	Case 1-c
	MCS 21
	Baseline receiver
	18.39
	14.17

	
	
	
	Reference receiver
	13.34
	12.91

	
	
	
	IC gain
	5.05
	1.26

	Note: 2Rx 2UE, (EPA5 low, ETU5 low) channel, DIP1= -0.43 dB are configured in all the cases in this Table.


Thus we have the following observations and proposals:

Observation 4: For 2Rx 2UEs with MCS 21, IC can achieve obvious SINR gain over baseline receiver, and the gain is similar with that for MCS 10 and 15.
Observation 5: For 2Rx 2UEs with MCS 21, UE1’s SINR working point is high, which is 13.34 ~ 18.39 dB.

Proposal 3: For defining performance requirements in the follow-up WI, it is recommended to prioritize MCS 10 and MCS 15, and MCS 21 can be considered if the total number of test cases is not increased.
3.3. Use the same or different MCS for UEs with different SNR
For cases with unequal average SNR, the SNR of UE1/3 is 3 dB lower than that of UE2/4. For UEs with different SNR, it has not been decided to use the same or different MCS. In this sub-section, the two options are compared from three perspectives:

1) UEs’ sum throughput

2) IC gain

3) Test implementation

3.3.1. UEs’ sum throughput
To analyze the impact of MCS setting on UEs’ sum throughput, we simulate all the related cases with EPA5 serving channel (as listed in Table 2), and compare their sum throughput. Here the sum throughput indicates the sum the all intra-cell UEs’ throughput.

The sum throughput with baseline and reference receivers are presented in Figure 1 to Figure 4.

Table 2. Cases for unequal average SNR and EPA5 serving channel
	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	U1-a1
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	U1-a2
	
	
	
	MCS 15
	

	U1-d
	
	
	(EPA5 low, ETU5 low)
	MCS 10 for UE1

MCS 15 for UE2
	DIP1= -0.43 dB

	U1-e
	
	
	(EPA5 low, ETU5 low)
	MCS 15 for UE1

MCS 10 for UE2
	DIP1= -0.43 dB

	U2-a1
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	U2-a2
	
	
	
	MCS 15
	

	U2-c
	
	
	(EPA5 low, ETU5 low)
	MCS 10 for UE1, 3

MCS 15 for UE2, 4
	DIP1= -0.43 dB

	U2-d
	
	
	(EPA5 low, ETU5 low)
	MCS 15 for UE1, 3

MCS 10 for UE2, 4
	DIP1= -0.43 dB



[image: image1]
Figure 1. UEs’ sum throughput for cases with {unequal SNR, EPA5 serving channel, 2Rx}, Baseline receiver
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Figure 2. UEs’ sum throughput for cases with {unequal SNR, EPA5 serving channel, 2Rx}, Reference receiver


[image: image3]
Figure 3. UEs’ sum throughput for cases with {unequal SNR, EPA5 serving channel, 4Rx}, Baseline receiver


[image: image4]
Figure 4. UEs’ sum throughput for cases with {unequal SNR, EPA5 serving channel, 4Rx}, Reference receiver

From Figure 1 to Figure 4, it is seen that: for these simulated cases, the sum throughput for cases with one unified MCS (case U1-a1/2, U2-a1/2) is highest in low and high SINR regions, and the sum throughput for cases with different MCS (case U1-d/e, U2-c/d ) is highest in medium SINR region.

But if we consider some new cases with one unified MCS, such as MCS 11 to MCS 14, the sum throughput for these new cases may be higher for the existing cases with different MCS for UEs with different SINR.

Therefore, the following observation is given:

Observation 6: For UEs with different SNR, it is very difficult to conclude whether configuring the same MCS or different MCS can achieve higher sum throughput, since it highly depends on other factors such as SINR working point and the allocated MCS level.

3.3.2. IC gain

The required SINR at 85% maximum sum throughput for the cases in Table 2 are compared in Table 3.
Table 3. UE1’s SINR (dB) at 85% maximum sum throughput, unequal SNR, EPA5 serving channel
	Rx antenna
	Case No.
	Baseline receiver
	Reference receiver
	IC gain

	2Rx
	U1-a1
	3.61 
	-0.33 
	3.94

	
	U1-a2
	10.10 
	6.52 
	3.58

	
	U1-d
	6.67 
	3.34 
	3.33

	
	U1-e
	10.12 
	3.24 
	6.88

	4Rx
	U2-a1
	-0.61 
	-5.42 
	4.81

	
	U2-a2
	7.92 
	1.70 
	6.22

	
	U2-c
	3.55 
	-1.65 
	5.20

	
	U2-d
	8.07 
	-1.51 
	9.58


Thus observation 7 is given as below:
Observation 7: Case U1-e and U2-d (MCS 15 for UE1/3 and MCS 10 for UE2/4) achieves largest IC gain respectively for 2Rx and 4Rx. Meanwhile, the IC gain is obvious and comparable for other cases (3.33 dB IC gain at a minimum).

3.3.3. Test implementation
In practical, the BS scheduler allocates one appropriate MCS for each codeword of each UE, based on the channel condition, buffer status, etc.

For BS demodulation test, when either the same or different MCS is configured for UEs with different SNR, there is no big difference in the BS demodulation process. It means that the test purpose can be satisfied with both options of configuring MCS.

Observation 8: From BS demodulation test perspective, the test purpose can be satisfied with both options of configuring MCS, while the test case setup is simpler when configuring the same MCS.

In summary, based on the above observation 6 to 8, it is proposed to set the same MCS for UEs with different SINR, as so to simplify the test case setup.
Proposal 4: For defining performance requirements in the follow-up WI, it is recommended to set the same MCS for UEs with different SNR.
3.4. Equal SNR or unequal SNR

In the sub-section, we discuss whether to cover both equal and unequal SNR cases, or prioritize one case.
In real system, the received SNR of the co-scheduled UEs may be the same or different, depending on BS scheduling and power control algorithms. From BS demodulation perspective, the BS demodulation process looks the same for the two ways of SNR configuration. Therefore, for the simulation and test setup, the simplest way is select equal SNR cases only.

Meanwhile, some companies may think that the received SNR of different UEs would not be exactly the same in practical, and thus unequal SNR is a more typical case. If this is the majority’s view in the group, we would also be fine to cover both equal and unequal SNR cases. Furthermore, to limit the total number of cases, we could select, e.g., half of the cases with equal SNR and half of the cases with unequal SNR.

Proposal 5: For defining performance requirements in the follow-up WI, it is recommended to select equal SNR cases only, or, half of the cases with equal SNR and half of the cases with unequal SNR.
3.5. Summary of recommended test case
Based on the discussion in section 3.1 to 3.4, the following test case sets are proposed to be considered:
· Alt. a: not cover MCS 21 

· Alt. a-1: select equal SNR cases (option 1 in WF [4])
	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	E1-a1
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	E1-b1
	
	
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB

	E2-a1
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	E2-b1
	
	
	(EVA70 low, ETU70 low)
	MCS 15 
	DIP1 = -5.45 dB


Some comments for this alternative:

· Test number: 2 cases for 2/4Rx
· Test coverage: cover MCS 10/15, EPA5/EVA70 serving channel, high/low interference level, equal SNR for both 2Rx and 4Rx.
· The average IC gain for case E1-b1 is [1.7 ~ 1.8] dB from per UE perspective (without TO & FO).
· Alt. a-2: half of the cases with equal SNR + half of the cases with unequal SNR (option 2 in WF [4])
	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	E1-a1
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	E2-a1
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	U1-b1
	2 Rx
	2 UEs
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB

	U2-b1
	4 Rx
	4 UEs
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB


Some comments for this alternative:

· Test number: 2 cases for 2/4Rx
· Test coverage: cover MCS 10/15, EPA5/EVA70 serving channel, high/low interference level, equal and unequal SNR for both 2Rx and 4Rx.
· Alt. b: cover MCS 21 

· Alt. b-1: select equal SNR cases (the changes compared with option 1a in WF [4] are tracked)
	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	E1-b2
	2 Rx
	2 UEs
	(EVA70 low, ETU70 low)
	MCS 10
	DIP1= -5.45 dB

	E1-c
	
	
	(EPA5 low, ETU5 low)
	MCS 21
	DIP1 = -0.43 dB

	E2-b2
	4 Rx
	4 UEs
	 (EVA70 low, ETU70 low)
	MCS 10
	DIP1= -0.43 dB

	E2-a2
	
	
	 (EPA5 low, ETU5 low)
	MCS 15 
	DIP1 = -5.45 dB


Some comments for this alternative:

· Test number: 2 cases for 2/4Rx

· Test coverage:
· Cover MCS 10/21, EPA5/EVA70 serving channel, high/low interference level, equal SNR for 2Rx.

· Cover MCS 10/15, EPA5/EVA70 serving channel, high/low interference level, equal SNR for 4Rx.
· The average IC gain for case E1-b2 is [1.8] dB from per UE perspective (without TO & FO).

· Alt. b-2: half of the cases with equal SNR + half of the cases with unequal SNR (the changes compared with option 2a in WF [4] are tracked)

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

	E1-b1
	2 Rx
	2 UEs
	 (EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB 

	E2-a1
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10
	DIP1= -0.43 dB

	U1-c
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 21
	DIP1 = -0.43 dB

	U2-b1
	4 Rx
	4 UEs
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB


Some comments for this alternative:

· Test number: 2 cases for 2/4Rx

· Test coverage: 
· Cover MCS 15/21, EPA5/EVA70 serving channel, high/low interference level, equal and unequal SNR for 2Rx.

· Cover MCS 10/15, EPA5/EVA70 serving channel, high/low interference level, equal and unequal SNR for 4Rx.
· The average IC gain for case E1-b1 is [1.7 ~ 1.8] dB from per UE perspective (without TO & FO).

Proposal 6: For defining performance requirements in the follow-up WI, it is recommended to consider the test case set proposed in section 3.5.
4. Recommended test metric
Regarding the test metric for performance requirements, it was agreed in the last meeting that:
· Option 1: SINR at 85% of maximum throughput of each individual intra-cell UE.
· Option 2: SINR at 85% of maximum sum throughput of all the intra-cell UEs.
· Option 3: SINR at 85% of maximum throughput of anyone of weakest intra-cell UE.
· Other options are not precluded.
The pros and cons of the 3 options are analyzed in Table 4.

Table 4. Pros and cons of the 3 options for test metric
	
	Pros
	Cons

	Option 1
	Verify the performance of each UE
	The SINR working points for different UEs may be different (especially for unequal SNR cases), which means that multiple SINR test points may need to be configured in the conformance test.

	Option 2
	The overall performance from the BS perspective is verified, with one single SINR test point to be configured in the conformance test.
	There may be a possibility that: although the sum throughput is guaranteed, the throughput of some UEs is poor?

But till now, this possibility has not been identified.

	Option 3
	To test anyone of weakest intra-cell UE, the test setup would be simpler.
	The other UEs’ performance cannot be verified.
Note that:

1) for uplink, all the intra-cell UEs’ signal needs to be decoded by the BS.

2) for the intra-cell UE(s) with stronger signal power, IC gain is also observed and should be tested.


Based on the analysis in Table 4, it is observed and proposed that:

Observation 9: If the throughput of each individual intra-cell UE is measured, the SINR working points for different UEs may be different, which means that multiple SINR test points may need to be configured in the conformance test.
Observation 10: If the throughput of anyone of weakest intra-cell UE is measured, the other UEs’ performance cannot be verified.
Proposal 7: For defining performance requirements in the follow-up WI, it is recommended to use the sum throughput of all the intra-cell UE as test metric.
5. Conclusion
This contribution discussed the remaining issues for BS IC receiver, and had the following observations and proposals.
Regarding the time and frequency offset:
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: For defining performance requirements in the follow-up WI, it is recommended to model TO&FO, so as to check the stability of the receiver algorithm.
Regarding the test case number for 2/4 Rx BS:
Observation 3: If there is 3 cases for 2Rx BS and 1 case for 4Rx BS, one of the propagation conditions and interference levels cannot be covered for 4Rx BS. 

Proposal 2: For defining performance requirements in the follow-up WI, it is recommended to introduce 2 test cases for 2Rx BS, and 2 test cases for 4Rx BS. 
Regarding the need of including MCS 21:
Observation 4: For 2Rx 2UEs with MCS 21, IC can achieve obvious SINR gain over baseline receiver, and the gain is similar with that for MCS 10 and 15.
Observation 5: For 2Rx 2UEs with MCS 21, UE1’s SINR working point is high, which is 13.34 ~ 18.39 dB.

Proposal 3: For defining performance requirements in the follow-up WI, it is recommended to prioritize MCS 10 and MCS 15, and MCS 21 can be considered if the total number of test cases is not increased.
Regarding whether to use the same or different MCS for UEs with different SNR:

Observation 6: For UEs with different SNR, it is very difficult to conclude whether configuring the same MCS or different MCS can achieve higher sum throughput, since it highly depends on other factors such as SINR working point and the allocated MCS level.

Observation 7: Case U1-e and U2-d (MCS 15 for UE1/3 and MCS 10 for UE2/4) achieves largest IC gain respectively for 2Rx and 4Rx. Meanwhile, the IC gain is obvious and comparable for other cases (3.33 dB IC gain at a minimum).

Observation 8: From BS demodulation test perspective, the test purpose can be satisfied with both options of configuring MCS, while the test case setup is simpler when configuring the same MCS.

Proposal 4: For defining performance requirements in the follow-up WI, it is recommended to set the same MCS for UEs with different SNR.
Regarding the cases with equal SNR and unequal SNR:

Proposal 5: For defining performance requirements in the follow-up WI, it is recommended to select equal SNR cases only, or, half of the cases with equal SNR and half of the cases with unequal SNR.
Regarding the recommended test case set:

Proposal 6: For defining performance requirements in the follow-up WI, it is recommended to consider the test case set proposed in section 3.5.
Regarding the recommended test metric:

Observation 9: If the throughput of each individual intra-cell UE is measured, the SINR working points for different UEs may be different, which means that multiple SINR test points may need to be configured in the conformance test.
Observation 10: If the throughput of anyone of weakest intra-cell UE is measured, the other UEs’ performance cannot be verified.
Proposal 7: For defining performance requirements in the follow-up WI, it is recommended to use the sum throughput of all the intra-cell UE as test metric.
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