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1. Introduction
In the RAN4#74 meeting, scenarios, interference modelling and simulation assumptions for homogeneous and heterogeneous for BS LMMSE-IRC receiver have been discussed [2-15], some agreements on system level simulation assumptions and reference receiver have been made in [13-15]. Regarding the interference modelling, system simulation evaluations should be considered for deciding the following two parameters:

· Interference power level; 

· Number of explicitly modelled interference 

In this contribution, we discuss the number of interfering cells based on our system and link level simulation results.
2. Discussion
2.1 Distribution of unconditional and conditional DIP values 
In the RAN4#74 meeting, we made the agreement to use DIP value for evaluation of interference profile, and how to determine DIP values for link level evaluation is FFS [13]. Different from the downlink system simulation, the interference power levels for a target UE on certain PRBs in PUSCH is independent of UE location, so in [3], there is proposal to use unconditional distribution of the levels of the first N strongest interferers for determining the number of inter-cell interference and power levels. In tables 1-4 we provide both the unconditional median DIP values and conditional DIP values for homogeneous and heterogeneous network based our system level simulation [16-17], and then give our views on how to determine the number and power levels for the inter-cell interference based on some link level simulation results.
Table 1 Unconditional median DIP values for homogeneous network
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8

	-3.14
	-8.12
	-11.35
	-14.06
	-16.46
	-18.6
	-20.55
	-22.31


Table 2 SINR and Conditional median DIP values for homogeneous network
	　
	Low SINR UEs (5%-tile)
	Medium SINR UEs (50%-tile)
	High SNR UEs (95%-tile)

	UL wideband SINR range (dB)
	-2.726 +/- 0.2
	5.609 +/- 0.2
	12.99 +/- 0.2

	DIP1 (dB)
	-1.061
	-3.273
	-5.079

	DIP2 (dB)
	-9.415
	-7.733
	-8.39

	DIP3 (dB)
	-15.26
	-11.01
	-10.53


Table 3 Unconditional median DIP values for heterogeneous network
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8

	-2.1
	-8.54
	-13.17
	-16.79
	-19.66
	-21.97
	-23.89
	-25.52


	Table 4 SINR and Conditional median DIP values for heterogeneous network

　
	Low SINR UEs (5%-tile)
	Medium SINR UEs (50%-tile)
	High SNR UEs (95%-tile)

	UL wideband SINR range (dB)
	-4.231 +/- 0.2
	6.849 +/- 0.2
	18.48 +/- 0.2

	DIP1 (dB)
	-0.4247
	-2.113
	-4.627

	DIP2 (dB)
	-12.23
	-8.215
	-8.621

	DIP3 (dB)
	-20.71
	-12.79
	-11.39


For both homogeneous and heterogeneous network, we can observe that the unconditional median DIP values approximate to the conditional median DIP values of medium SINR. 
Observation 1: The unconditional median DIP values approximate to the conditional median DIP values of medium SINR in both homogeneous and heterogeneous network.
In Table 5, we provided the link level simulation results for medium SINR with DIP1=-3.273dB and DIP2=-7.733dB in table 2, and the assumptions are listed in table 9 in the Annex.
Table 5 Throughput Performance for medium SINR with different interfering cells on different MCS
	
	Channel model
	Number of external interferers
	MCS of interference
	SINR
	MCS
	MMSE-IRC
	MMSE baseline
	Throughput gain

	2Rx
	EVA5
	1
	16QAM
	5.5
	10
	512635.200
	481683.200
	6.43%

	
	
	
	
	
	11
	492896.000
	421358.400
	16.98%

	
	
	2
	16QAM
	5.5
	10
	543704.000
	475259.200
	14.4%

	
	
	
	
	
	11
	496804.800
	458107.200
	8.45%

	4Rx
	EVA5
	1
	16QAM
	5.5
	10
	857662.400
	747286.400
	15.71%

	
	
	
	
	
	11
	855105.600
	709084.800
	20.59%

	
	
	2
	16QAM
	5.5
	10
	880438.400
	715283.200
	23.09%

	
	
	
	
	
	11
	919137.600
	708110.400
	29.8%


From the results shown in Table 5, we can observe that the throughput gain of MMSE-IRC receiver vs MMSE baseline receiver for medium SINR with 2Rx configuration is not more than 20%, and for the 4Rx, the gain is not more than 30%. Therefore, the interfering condition represents by the unconditional medium DIP values cannot achieve the purpose of performance test for BS MMSE-IRC receiver.

Observation 2: The interfering condition represents by the unconditional medium DIP values cannot achieve the purpose of performance test for BS MMSE-IRC receiver.
In Table 6, we provided the link level simulation results for Low SINR with DIP1=-1.061dB and DIP2=-9.415dB in table 2.
Table 6 Throughput Performance for Low SINR with different interfering cells on different MCS
	
	Channel model
	Number of external interferers
	MCS of interference
	SINR
	MCS
	MMSE-IRC
	MMSE baseline
	Throughput gain

	2Rx
	EPA5
	1
	16QAM
	-2.5
	7
	313641.600
	196425.600
	59.67%

	
	
	
	
	
	8
	351920.000
	151283.200
	132.62%

	
	
	2
	16QAM
	-2.5
	7
	322936.000
	196425.600
	64.41%

	
	
	
	
	
	8
	349545.600
	178784.000
	95.51%

	4Rx
	EVA5
	1
	QPSK
	-2.5
	7
	490531.200
	264328.000
	85.58%

	
	
	
	
	
	8
	524403.200
	284928.000
	84.05%

	
	
	2
	QPSK
	-2.5
	7
	512198.400
	308964.800
	65.78%

	
	
	
	
	
	8
	571721.600
	290185.600
	97.02%


From the results shown in Table 6, we can observe that the throughput gain of MMSE-IRC receiver vs MMSE baseline receiver for low SINR are more than 50%. Hence the performance gain in the interfering condition represents by conditional medium DIP values of low SINR (5%-tile) is distinct.

Observation 3: The performance gain of PUSCH in the interfering condition represents by conditional medium DIP values of low SINR (5%-tile) is distinct.
Regarding how to determine the number of inter-cell interference and power levels, there are two options we can use:

· DIP values at certain percentile on CDF of unconditional DIP distribution, such as 85%, 90%, or 95%, which can represent the strong interference condition especially the value of the DIP1.
· Conditional medium DIP values corresponding to the low SINR (5%-tile).
For the option 2, although the UE location is independent from the power levels of inter-cell interference, but the SINR and conditional medium DIP values also represent the interference condition of the target UE, moreover, from our system and link level simulation results, we think the large performance gap between MMSE-IRC and MMSE baseline receiver in low SINR can meet the requirement of the performance test. For the option 1, we need more simulation to choose and determine the DIPs. Therefore, we slightly prefer to determine the number of inter-cell interference and power levels based on the conditional DIP distribution. 
Proposal 1: We slightly prefer to determine the number of inter-cell interference and power levels based on the conditional DIP distribution.
2.2 Number of explicitly modeled interference

Currently in the performance evaluation of advanced receiver, we modelled one or two dominant interferes to verify the performance gain brought by the advanced receiver, mainly considered the interference power levels from the system level simulation and the performance gain from the link level simulation. For the BS MMSE-IRC receiver requirements, we propose to explicitly model one or two interfering cells considering the complexity and cost of test equipment. In the following discussion, firstly we compared the performance difference between one and two interferes in several scenarios, and then provided our views based on the results, the link level simulation assumptions are provided in the table 8 in the Annex.
Link level simulation results with weighted DIP profiles
From Figures 1-4 below, we show the throughput curves for 2Rx on the 20 weighted DIP vs different number of interfering cells using the DIP table show in the Annex. 
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            Figure 1 TP profile on the weighted DIP for different number of interfering cells with MCS=7 for 2Rx and SINR=-2.5dB

[image: image2.png]Throughput(bps)

450000
400000
350000
300000
250000
200000
150000
100000
50000
0

2Rx, MCS8

7

9

11 13 15 17 19

—4—1Interference
—#—2 Interference





             Figure 2 TP profile on the weighted DIP for different number of interfering cells with MCS=8 for 2Rx and SINR=-2.5dB
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             Figure 3 TP profile on the weighted DIP for different number of interfering cells with MCS=10 for 2Rx and SINR=5.5dB
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         Figure 4 TP profile on the weighted DIP for different number of interfering cells with MCS=11 for 2Rx and SINR=5.5dB
From the results, we can observe that the throughput performance of one interfering cell and two interfering cells are approximate in different MCS and different SINR cases, which coincide with the theoretical analysis that the maximum number of transmit layer for 2Rx can distinguish is two. Therefore, we propose to explicitly model one interfering cell for the 1Tx and 2Rx antenna configuration. 
Proposal 2: We propose to explicitly model one interfering cell for the 1Tx and 2Rx antenna configuration.
In the Figures 5-8 below, we show the throughput curves for 4Rx on the 20 weighted DIP vs different number of interfering cells using the DIP table show in the Annex. 
[image: image5.png]4Rx, MCS7
700000

600000

500000

400000

—4—1Interference
300000

—#—2 Interference

Throughput(bps)

200000

100000

0

1 3 5 7 9 11 13 15 17 19





      Figure 5 TP profile on the weighted DIP for different number of interfering cells with MCS=7 for 4Rx and SINR=-2.5dB
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       Figure 6 TP profile on the weighted DIP for different number of interfering cells with MCS=8 for 4Rx and SINR=-2.5dB
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Figure 7 TP profile on the weighted DIP for different number of interfering cells with MCS=10 for 4Rx and SINR=5.5dB
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Figure 8 TP profile on the weighted DIP for different number of interfering cells with MCS=11 for 4Rx and SINR=5.5dB
From the results, we can observe that the throughput performance for 4Rx with two interfering cells is obviously better than that with one interfering cell when the SINR is equal to -2.5dB, and the difference can be up to 30% in the figure 6. For the medium SINR, with modeling one interfering cell the performance loss comparing to modeling two cells becomes less. From the prospective of performance test, our purpose is to verify the throughput gain brought by MMSE-IRC, for 4Rx configuration the performance gain with modeling two interfering cell comparing to modeling one cell cannot be neglected. Moreover, from the test complexity perspective, as two interfering cells is feasible in the downlink IRC test, we think it is also feasible in the uplink IRC test even with 4Rx antenna configuration. Therefore, we propose to explicitly model two interfering cells for the 1Tx and 4Rx antenna configuration. 
Proposal 3: We propose to explicitly model two interfering cells for the 1Tx and 4Rx antenna configuration.
3. Conclusion
In this contribution, we provided our views on unconditional and conditional DIP values based on our system simulation results, and also discuss the number of interfering cells based on our link level simulation results.
Observation 1: The unconditional median DIP values approximate to the conditional median DIP values of medium SINR in both homogeneous and heterogeneous network.
Observation 2: The interfering condition represents by the unconditional medium DIP values cannot achieve the purpose of performance test for BS MMSE-IRC receiver.
Observation 3: The performance gain of PUSCH in the interfering condition represents by conditional medium DIP values of low SINR (5%-tile) is distinct.
Proposal 1: We slightly prefer to determine the number of inter-cell interference and power levels based on the conditional DIP distribution.
Proposal 2: We propose to explicitly model one interfering cell for the 1Tx and 2Rx antenna configuration.

Proposal 3: We propose to explicitly model two interfering cells for the 1Tx and 4Rx antenna configuration.
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5. Annex
Table 9 Assumptions for the link level simulation

	Parameters
	

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	MIMO configuration on Serving UE
	1x2, 1x4  low correlation

	MIMO configuration on interference UE1
	1x2, 1x4  low correlation

	MIMO configuration on interference UE2
	1x2, 1x4  low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA, EVA, 3km/h, 
Use different channel seed for between cells

	MCS for target signal
	                                   16QAM, 64QAM

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Redundancy version sequence
	0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	MCS/ PMI transmission granularity 
	Randomly changing from subframe to subframe, 
Frequency granularity is full bandwidth

	
	

	Resource allocation
	3 RBs 

	Cyclic prefix
	Normal

	Channel estimation
	DMRS based covariance matrix estimation (interference covariance matrix estimation should be conducted per PRB and per TTI)

	Receiver 
	MMSE-IRC, MMSE baseline

	Simulation length
	10000 sub-frames at minimum


Table 10 Weighted DIP values for Homogeneous network
	
	5% SINR (-2.5dB)
	50% SINR(5.5dB)

	
	DIP1
	DIP2
	DIP1
	DIP2

	1
	-4.1733
	-5.3948
	-6.6531
	-7.4428

	2
	-3.3238
	-4.9573
	-5.6893
	-6.8885

	3
	-2.9074
	-5.0909
	-5.2470
	-6.7074

	4
	-2.5946
	-5.5921
	-4.9157
	-6.6553

	5
	-2.2250
	-6.2824
	-4.6437
	-6.4956

	6
	-1.9444
	-6.6214
	-4.3790
	-6.7570

	7
	-1.7223
	-7.1725
	-4.1275
	-6.7175

	8
	-1.5099
	-7.8508
	-3.8846
	-6.7896

	9
	-1.3260
	-8.4552
	-3.6502
	-6.8446

	10
	-1.1496
	-8.9701
	-3.3935
	-6.9315

	11
	-0.9935
	-10.0278
	-3.1457
	-7.1152

	12
	-0.8737
	-10.3904
	-2.9004
	-7.6491

	13
	-0.7672
	-10.9705
	-2.6753
	-8.0346

	14
	-0.6773
	-11.8679
	-2.4363
	-8.7738

	15
	-0.5889
	-12.9499
	-2.1817
	-8.9348

	16
	-0.4975
	-14.1107
	-1.9343
	-9.5134

	17
	-0.4080
	-15.2354
	-1.6736
	-10.0440

	18
	-0.3325
	-16.1869
	-1.4032
	-10.7433

	19
	-0.2512
	-17.8984
	-1.0756
	-12.0260

	20
	-0.1544
	-20.8733
	-0.6402
	-14.6743
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