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1. Introduction
The interference profiles and phase I link simulation assumptions have been agreed for synchronous homogeneous and heterogeneous networks in the last meeting. And in this meeting, interested companies will bring phase I link simulation results to show the gain of MMSE-IRC over MMSE receiver. 
The work plan in [1] indicates to complete phase I work at RAN4 #76 and start phase II work from RAN4 #76 meanwhile. Considering the phase II link level simulation assumptions for synchronous test scenario, basically we can re-use the phase I assumptions as much as possible, but also need to re-consider or double check the following issues:
a) How to check the per-PRB interference covariance estimation
b) Number of explicitly modeled interferers
c) MCS of the desired PUSCH
d) Channel bandwidth and PRB allocation
e) Propagation condition and UE speed

In this contribution, we present our views on the issue a), b) and c).
2. Discussion

2.1
How to check the per-PRB interference covariance estimation
During the evening ad-hoc meeting at RAN4 #75, the following agreements were reached [2]:
For Phase-II, we should check the performance with interference covariance matrix estimation per TTI per PRB. The following methods can be considered

· To be discussed in Phase-II for specifying the requirements and in Phase-I evaluate the performance with full PRB allocation.

· Method to be considered to specify the test to verify per TTI and per PRB interference covariance estimation.

· Option a: Define the performance requirements based on single PRB scheduling

· Option b: Specify the full PRB performance requirements with ETU70 for interferers and reference receiver which conducts per-TTI and per-PRB interference covariance estimation.

· E.g., Use EPA5 or EVA70 for serving UE and ETU70 for interferer UEs

· The other options are not precluded.

Regarding the option a (i.e., use single PRB allocation), on one hand, it can verify the MMSE-IRC performance with per PRB interference covariance estimation. On the other hand, it cannot check the BS behavior when more than one PRB is scheduled for one PUSCH, i.e., whether the covariance estimation is based on one PRB or multiple PRBs.
Observation 1-1: When single PRB allocation is configured, the MMSE-IRC performance with per PRB covariance estimation can be verified, but the BS behavior for demodulating PUSCH with more than one PRB cannot be checked.
Regarding the option b (i.e., use EPA5 or EVA70 for serving UE and ETU70 for interferer UEs), we firstly conduct link simulation to study the MMSE-IRC performance with {1, 2, 5, 10, or 50} PRB interference covariance estimation (CovEst). MMSE performance is also evaluated for comparison.

The agreed phase-I link level assumptions in [3] are used, except for the interference propagation condition (highlighted by yellow in Table 2). To investigate the MMSE-IRC performance with different antenna configurations, interference profiles and serving propagation conditions, case #1~6, 7, 11 are simulated, as shown in Table 2. Figure 1 presents the throughput v.s. SINR curves for the 8 simulation cases, and Table 3 summarizes the required SINR to achieve 70% relative throughput.
Table 1: Common parameters of link level evaluation assumptions
	Parameters
	Unit
	Values

	Cyclic prefix
	
	Normal

	Interference modelling
	Number of explicitly modelled interferers
	
	2

	
	Noc
	dBm/15K
	[-98]

	
	Interference modulation
	
	16QAM

	
	Timing delay and frequency offset for synchronous case
	
	Well aligned: no timing delay and frequency offset between the serving UE and interfering UEs

	Frequency hopping, TTI bundling
	
	Disable


Table 2: Cases for link level evaluations

	Case Num.
	PRB allocation/

Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	(DIP1, DIP2) dB

	1
	50 PRB/10MHz
	6
	(EPA5, ETU70)
	1x2 Low
	(-1.11, -10.91)

	2
	50 PRB/10MHz
	6
	(EPA5, ETU70)
	1x2 Low
	(-0.43, -13.78)

	3
	50 PRB/10MHz
	15
	(EPA5, ETU70)
	1x4 Low
	(-1.11, -10.91)

	4
	50 PRB/10MHz
	15
	(EPA5, ETU70)
	1x4 Low
	(-0.43, -13.78)

	5
	50 PRB/10MHz
	20
	(EPA5, ETU70)
	1x8 Low
	(-1.11, -10.91)

	6
	50 PRB/10MHz
	20
	(EPA5, ETU70)
	1x8 Low
	(-0.43, -13.78)

	7
	50 PRB/10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	(-1.11, -10.91)

	…

	11
	50 PRB/10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	(-1.11, -10.91)

	…
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(a) Case 1: 1T2R, MCS 6, EPA5, HomNet DIPs             (b) Case 2: 1T2R, MCS 6, EPA5, HetNet DIPs
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(c) Case 3: 1T4R, MCS 15, EPA5, HomNet DIPs             (b) Case 4: 1T4R, MCS 15, EPA5, HetNet DIPs
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(e) Case 5: 1T8R, MCS 20, EPA5, HomNet DIPs             (f) Case 6: 1T8R, MCS 20, EPA5, HetNet DIPs
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(g) Case 7: 1T2R, MCS 6, EVA70, HomNet DIPs             (h) Case 11: 1T8R, MCS 20, EVA70, HomNet DIPs
Figure 1: Throughput v.s. SINR curves (ETU70 for interfering channel)
Table 3: Required SINR to achieve 70% relative throughput (ETU70 for interfering channel)
	Case Num.
	Case description
	MMSE
	MMSE-IRC, 1PRB CovEst
	MMSE-IRC, 2PRB CovEst
	MMSE-IRC, 5PRB CovEst
	MMSE-IRC, 10PRB CovEst
	MMSE-IRC, 50PRB CovEst

	1
	EPA5 for serving channel
	1x2, HomNet
	-2.05
	-5.49
	-4.81
	-4.60
	-3.98
	-2.84

	2
	
	1x2, HetNet
	-1.71
	-7.49
	-6.29
	-5.49
	-4.63
	-3.10

	3
	
	1x4, HomNet
	1.63
	-2.84
	-2.51
	-1.84
	-1.17
	0.19

	4
	
	1x4, HetNet
	1.50
	-5.90
	-5.01
	-3.71
	-2.74
	-0.52

	5
	
	1x8, HomNet
	2.31
	-2.54
	-2.90
	-2.54
	-2.05
	-0.61

	6
	
	1x8, HetNet
	2.23
	-6.28
	-6.34
	-5.43
	-4.75
	-2.56

	7
	EVA70 for serving channel
	1x2, HomNet
	-1.23
	-4.63
	-4.24
	-3.84
	-3.32
	-2.38

	11
	
	1x8, HomNet
	3.13
	-1.57
	-1.88
	-1.58
	-1.12
	0.34


From the simulation results, we can observe that:
Observation 1-2: When full PRB allocation and ETU70 interfering channel are configured,
· Obvious performance gap exists for MMSE-IRC with different numbers of PRBs for interference covariance estimation.

· For 2Rx and 4Rx cases, the best MMSE-IRC performance is achieved by using 1PRB covariance estimation.
· For 8Rx cases, the best MMSE-IRC performance is achieved by using 2PRB covariance estimation. 
Proposal 1 is given based on observation 1-1 and 1-2:

Proposal 1: To check the per-PRB covariance estimation, specify the full PRB performance requirements with ETU channel for interferers.
· For cases with EPA5 as serving channel, use ETU5 or ETU70 for the interfering channel.
· For cases with EVA70 as serving channel, use ETU70 for the interfering channel.
2.2
Number of explicitly modeled interferers
For phase I link evaluation, it was agreed to model two explicit interferers. To limit the test complexity and cost, the number of explicitly modeled interferers should be re-considered in phase II test setup. We shall check whether two explicit interferers are needed or one interferer is sufficient.
Link simulations are carried out to compare the MMSE/MMSE-IRC performance with one and two explicit interferes. All the 12 cases agreed in the last meeting [3] are simulated. 
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(a) Case 1: 1T2R, MCS 6, EPA5, HomNet DIPs            (b) Case 2: 1T2R, MCS 6, EPA5, HetNet DIPs
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(c) Case 3: 1T4R, MCS 15, EPA5, HomNet DIPs          (b) Case 4: 1T4R, MCS 15, EPA5, HetNet DIPs
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(e) Case 5: 1T8R, MCS 20, EPA5, HomNet DIPs          (f) Case 6: 1T8R, MCS 20, EPA5, HetNet DIPs
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(g) Case 7: 1T2R, MCS 6, EVA70, HomNet DIPs          (h) Case 8: 1T2R, MCS 6, EVA70, HetNet DIPs
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(i) Case 9: 1T4R, MCS 15, EVA70, HomNet DIPs         (j) Case 10: 1T4R, MCS 15, EVA70, HetNet DIPs
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(k) Case 11: 1T8R, MCS 20, EVA70, HomNet DIPs        (l) Case 12: 1T8R, MCS 20, EVA70, HetNet DIPs
Figure 2: Throughput v.s. SINR curves
Table 4: Required SINR (dB) to achieve 70% relative throughput
	Case Num.
	Case description
	1 interferer
	2 interferers
	Additional IRC gain
(1 v.s. 2 interferers)

	
	
	MMSE-IRC
	MMSE
	SINR gain at 70% TP
	MMSE-IRC
	MMSE
	SINR gain at 70% TP
	

	1
	EPA5 for serving and interference channels
	1x2, HomNet
	-5.85
	-2.54
	3.31
	-6.26
	-2.37
	3.89
	0.58

	2
	
	1x2, HetNet
	-9.10
	-2.32
	6.78
	-8.95
	-2.27
	6.68
	-0.10

	3
	
	1x4, HomNet
	-3.18
	0.75
	3.93
	-3.90
	0.90
	4.80
	0.87

	4
	
	1x4, HetNet
	-6.87
	0.88
	7.75
	-7.80
	0.87
	8.67
	0.92

	5
	
	1x8, HomNet
	-2.03
	1.57
	3.60
	-3.03
	1.57
	4.60
	1.00

	6
	
	1x8, HetNet
	-5.88
	1.34
	7.22
	-7.33
	1.43
	8.76
	1.54

	7
	EVA70 for serving and interference channels
	1x2, HomNet
	-4.90
	-1.46
	3.44
	-5.14
	-1.25
	3.89
	0.45

	8
	
	1x2, HetNet
	-7.51
	-0.78
	6.73
	-7.78
	-0.89
	6.89
	0.16

	9
	
	1x4, HomNet
	-1.46
	2.50
	3.96
	-2.13
	2.50
	4.63
	0.67

	10
	
	1x4, HetNet
	-4.65
	2.52
	7.17
	-5.53
	2.56
	8.09
	0.92

	11
	
	1x8, HomNet
	-0.87
	3.08
	3.95
	-2.06
	3.13
	5.19
	1.24

	12
	
	1x8, HetNet
	-4.34
	3.11
	7.45
	-5.87
	3.07
	8.94
	1.49


From the simulation results, we can observe that:

Observation 2: 

· The MMSE performance is almost the same for 1 and 2 interferers. Better MMSE-IRC performance is achieved for 2 interferers compared to 1 interferer.
· When the interferer number is increased from 1 to 2, 
· 0.45~0.58 dB additional IRC gain is observed for 2Rx HomNet cases, and the additional gain for 2Rx HetNet cases is not obvious.

· 0.67~0.87 dB additional IRC gain is observed for 4Rx HomNet cases, and 0.92 dB additional IRC gain is observed for 4Rx HetNet cases.

· 1.00~1.24 dB additional IRC gain is observed for 8Rx HomNet cases, and 1.49~1.54 dB additional IRC gain is observed for 8Rx HetNet cases.
Proposal 2 is given based on observation 2:

Proposal 2: As baseline, model 1 explicit interferer for 2Rx cases and 2 explicit interferers for 4Rx/8Rx cases.
2.3
MCS of the desired PUSCH

In the last meeting, the following MCS selection criterion was agreed [2]:
· Criterion to choose MCS (to check whether the required SINR will fall within the SINR range provided below. If not, the tentative MCS provided in the table below will be revisited)

· For homogeneous network, the resulted SINR (taking the typical margin into account) should be within [-5, 4]dB which is according to the system simulation results of SINR.

· For heterogeneous network, the resulted SINR (taking the typical margin into account) should be within [-8, 4]dB, which is according to the system simulation results of SINR.

Our phase I link level simulation results for the 12 cases are provided in [4]. It can be seen that with two explicit interferers modeled, the resulted SINR without impairment margin are within [-2.06, -6.26] for homogeneous network, and within [-5.53, -8.95] for heterogeneous network. Considering that the typical margin is around 1.5~2 dB, the required SINR with impairment margin would fall within the target SINR range. 
In addition, for phase-II link simulation, some of the simulation assumptions need to be re-visited. We will also check whether the MCS selection criterion can be satisfied when we get phase-II link results. 
Observation 3: Based on our phase-I link simulation results, the resulted SINR with the tentatively agreed MCS would fall within the target SINR range.
Proposal 3 is given based on observation 3:
Proposal 3: Keep the tentatively agreed MCS, and re-check whether the MCS selection criterion can be satisfied when we get phase-II link results.
3. Conclusion
This contribution discussed phase II link level simulation assumptions for synchronous test scenario. 

Regarding how to check the per-PRB interference covariance estimation, the following observations and proposals were made:
Observation 1-1: When single PRB allocation is configured, the MMSE-IRC performance with per PRB covariance estimation can be verified, but the BS behavior for demodulating PUSCH with more than one PRB cannot be checked.
Observation 1-2: When full PRB allocation and ETU70 interfering channel are configured,

· Obvious performance gap exists for MMSE-IRC with different numbers of PRBs for interference covariance estimation.

· For 2Rx and 4Rx cases, the best MMSE-IRC performance is achieved by using 1PRB covariance estimation.
· For 8Rx cases, the best MMSE-IRC performance is achieved by using 2PRB covariance estimation. 
Proposal 1: To check the per-PRB covariance estimation, specify the full PRB performance requirements with ETU channel for interferers.

· For cases with EPA5 as serving channel, use ETU5 or ETU70 for the interfering channel.
· For cases with EVA70 as serving channel, use ETU70 for the interfering channel.
Regarding the explicit interferer number, the following observations and proposals were made:
Observation 2: 

· The MMSE performance is almost the same for 1 and 2 interferers. Better MMSE-IRC performance is achieved for 2 interferers compared to 1 interferer.

· When the interferer number is increased from 1 to 2, 
· 0.45~0.58 dB additional IRC gain is observed for 2Rx HomNet cases, and the additional gain for 2Rx HetNet cases is not obvious.

· 0.67~0.87 dB additional IRC gain is observed for 4Rx HomNet cases, and 0.92 dB additional IRC gain is observed for 4Rx HetNet cases.

· 1.00~1.24 dB additional IRC gain is observed for 8Rx HomNet cases, and 1.49~1.54 dB additional IRC gain is observed for 8Rx HetNet cases.
Proposal 2: As baseline, model 1 explicit interferer for 2Rx cases and 2 explicit interferers for 4Rx/8Rx cases.
Regarding the MCS of the desired PUSCH, the following observations and proposals were made:
Observation 3: Based on our phase-I link simulation results, the resulted SINR with the tentatively agreed MCS would fall within the target SINR range. 
Proposal 3: Keep the tentatively agreed MCS, and re-check whether the MCS selection criterion can be satisfied when we get phase-II link results.
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