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1 Introduction
At the RAN4#61meeting, simulation assumptions for link-level evaluation were agreed [1], and two approaches to model interfering cells, one using conditional median DIP values and the other based on DIP table for weighted average throughput gain, were discussed. During pre-meeting e-mail discussion, it was pointed out by several companies that an artifact from antenna pattern modelling in system simulations is shown to some samples with -3dB geometry, which does not reflect the real-network behavior, and accordingly, using -3dB geometry as a low geometry condition needs to be reconsidered [2].  

In this contribution, we evaluate the performance gain of MMSE-IRC receiver over the baseline MMSE receiver via link-level simulation for the case of 0dB geometry in synchronous network, using conditional median DIP values agreed in RAN4#61 meeting [1] and averaged DIP table provided in the email reflector [3]. 
2 Link-level Performance Evaluation
Simulation results presented in this section are obtained by assuming an ideal UE receiver. That is, 6% Tx EVM and realistic channel and interference estimation are assumed, but no receiver impairments or implementation margins are included. The FDD system is assumed, and 50RBs are allocated for data transmission for all subframes without considering PSS/SSS/PBCH overhead. For interfering cells, MCS, PMI, and rank change randomly per 6PRB from subframe to subframe. For target signal, wideband PMI feedback is used for precoder selection. 

Table 1 presents throughput performance using conditional median DIP values for Scenario 1 (2x2 low, TM6). The MMSE-IRC receiver conducts CRS based spatial covariance matrix estimation for interference and noise estimation. The throughput gain over the baseline MMSE receiver is 17~19% when the baseline receiver achieves relative throughput of 50~65%.
Table 2 presents throughput performance using conditional median DIP values for Scenario 2 (4x2 low, TM9). The PMI feedback is computed based on CSI-RS measurements, and effective coding rate under the same IMCS is higher than Scenario 1 due to DM RS and CSI-RS overhead. The MMSE-IRC receiver employs DM RS based spatial covariance matrix estimation for interference and noise estimation. The throughput gain over the baseline receiver is 12~15%, slightly lower than the throughput gain for Scenario 1. This is because precoding based on 4 transmit antennas can provide good interference suppression for the baseline MMSE receiver. Another factor contributing to the performance gain difference is that Scenario 2 has more rank-2 transmissions of interfering cells than Scenario 1, with 30% vs 20% probabilities.
Table 3 and Table 4 show DIP distribution obtained by sorting and averaging DIP values per 5-percentile band [3] and corresponding throughput performances of the MMSE and MMSE-IRC receivers for Scenario 1 and Scenario 2, respectively. For IMCS=12, the average throughput gain for the given DIP distribution table is 22.3% for Scenario 1 and 16.1% for Scenario 2.
Table 1 Throughput comparison based on conditional median DIP values for Scenario 1 (2x2 low, TM6, G=0dB, DIP1 = -2.8dB, DIP2 = -7.3dB)
	
	Throughput (Mbps)
	Relative throughput
(% of max throughput)
	Throughput gain

	IMCS / Payload (bits)
	MMSE
	MMSE-IRC
	MMSE
	MMSE-IRC
	

	10 / 7992
	5.225
	6.202
	65.4
	77.6
	18.7%

	11 / 8760
	5.355
	6.382
	61.1
	72.9
	19.2%

	12 / 9912
	5.232
	6.141
	52.8
	62.0
	17.4%


Table 2 Throughput comparison based on conditional median DIP values for Scenario 2 (4x2 low, TM9, G=0dB, DIP1 = -2.8dB, DIP2 = -7.3dB)
	
	Throughput (Mbps)
	Relative throughput 
(% of max throughput)
	Throughput gain

	IMCS / Payload (bits)
	MMSE
	MMSE-IRC
	MMSE
	MMSE-IRC
	

	10 / 7992
	5.191
	5.983
	65.0
	74.9
	15.3%

	11 / 8760
	5.238
	5.849
	59.8
	66.8
	11.7%

	12 /9912
	4.962
	5.596
	50.1
	56.5
	12.8%


Table 3 Throughput comparison based on DIP table for Scenario 1 (2x2 low, TM6, G=0dB, IMCS=12)
	#
	DIP1
	DIP2
	Throughput (Mbps)
	Relative throughput 

(% of max throughput)
	Throughput

	
	[dB]
	[dB]
	MMSE
	MMSE-IRC
	MMSE
	MMSE-IRC
	 Gain (%)

	1
	-5.9375
	-7.0585
	5.146
	5.436
	51.9
	54.8
	5.6

	2
	-4.9000
	-6.3321
	5.423
	5.611
	54.7
	56.6
	3.5

	3
	-4.4397
	-5.9804
	5.187
	5.532
	52.3
	55.8
	6.6

	4
	-4.1075
	-5.8215
	5.281
	5.877
	53.3
	59.3
	11.4

	5
	-3.8465
	-5.8172
	5.253
	5.712
	53.0
	57.6
	8.7

	6
	-3.6293
	-5.7201
	5.221
	5.799
	52.7
	58.5
	11.1

	7
	-3.4356
	-5.6135
	5.281
	5.865
	53.3
	59.2
	11.1

	8
	-3.2723
	-5.3302
	5.296
	6.081
	53.4
	61.4
	14.8

	9
	-3.1288
	-5.1514
	5.228
	6.264
	52.7
	63.2
	19.8

	10
	-3.0118
	-4.2224
	5.303
	6.563
	53.5
	66.2
	23.8

	11
	-2.9093
	-4.9456
	5.377
	6.244
	54.3
	63.0
	16.1

	12
	-2.6486
	-7.1350
	5.400
	6.316
	54.5
	63.7
	17.0

	13
	-2.3483
	-7.5192
	5.291
	6.313
	53.4
	63.7
	19.3

	14
	-2.0676
	-8.1905
	5.385
	6.358
	54.3
	64.1
	18.1

	15
	-1.7897
	-9.0510
	5.627
	6.587
	56.8
	66.5
	17.1

	16
	-1.5110
	-9.7681
	5.300
	6.782
	53.5
	68.4
	27.9

	17
	-1.2246
	-10.6909
	5.337
	7.399
	53.8
	74.6
	38.6

	18
	-0.8513
	-11.5811
	5.431
	8.020
	54.8
	80.9
	47.7

	19
	-0.4048
	-13.4633
	5.343
	8.718
	53.9
	88.0
	63.2

	20
	-0.1691
	-15.5791
	5.548
	9.129
	56.0
	92.1
	64.5


Table 4 Throughput comparison based on DIP table for Scenario 2 (4x2 low, TM9, G=0dB, IMCS=12)
	#
	DIP1
	DIP2
	Throughput (Mbps)
	Relative throughput 

(% of max throughput)
	Throughput

	
	[dB]
	[dB]
	MMSE
	MMSE-IRC
	MMSE
	MMSE-IRC
	 Gain (%)

	1
	-5.9375
	-7.0585
	5.024
	5.185
	50.7
	52.3
	3.2

	2
	-4.9000
	-6.3321
	4.968
	5.066
	50.1
	51.1
	2.0

	3
	-4.4397
	-5.9804
	4.963
	5.210
	50.1
	52.6
	5.0

	4
	-4.1075
	-5.8215
	5.014
	5.270
	50.6
	53.2
	5.1

	5
	-3.8465
	-5.8172
	4.978
	5.468
	50.2
	55.2
	9.8

	6
	-3.6293
	-5.7201
	4.935
	5.554
	49.8
	56.0
	12.6

	7
	-3.4356
	-5.6135
	5.161
	5.652
	52.1
	57.0
	9.5

	8
	-3.2723
	-5.3302
	5.046
	5.627
	50.9
	56.8
	11.5

	9
	-3.1288
	-5.1514
	5.021
	5.650
	50.7
	57.0
	12.5

	10
	-3.0118
	-4.2224
	5.096
	6.033
	51.4
	60.9
	18.4

	11
	-2.9093
	-4.9456
	5.020
	5.652
	50.6
	57.0
	12.6

	12
	-2.6486
	-7.1350
	4.963
	5.584
	50.1
	56.3
	12.5

	13
	-2.3483
	-7.5192
	4.983
	5.729
	50.3
	57.8
	15.0

	14
	-2.0676
	-8.1905
	5.046
	5.776
	50.9
	58.3
	14.5

	15
	-1.7897
	-9.0510
	5.033
	6.065
	50.8
	61.2
	20.5

	16
	-1.5110
	-9.7681
	5.063
	6.118
	51.1
	61.7
	20.8

	17
	-1.2246
	-10.6909
	5.065
	6.433
	51.1
	64.9
	27.0

	18
	-0.8513
	-11.5811
	5.205
	7.008
	52.5
	70.7
	34.7

	19
	-0.4048
	-13.4633
	5.329
	7.597
	53.8
	76.6
	42.6

	20
	-0.1691
	-15.5791
	5.533
	7.346
	55.8
	74.1
	32.8


3 Conclusions

The performance gain of the MMSE-IRC receiver over the MMSE receiver was investigated for the case of 0dB geometry in synchronous network. We observed 22% average throughput gain for the ‘2x2 low’ MIMO antenna configuration and 16% for the ‘4x2 low’ antenna configuration. In order to further assess the merit of IRC receiver in low geometry UEs, it is necessary to determine new conditional median DIP values and a DIP distribution table under a newly agreed low geometry value. 
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