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1 Introduction
At the RAN4#62 meeting, it was agreed to re-run system simulations in order to obtain median DIPs & DIP profiles conditioned to G=-2.5dB and submit link level results to RAN4#62bis meeting [1]. 
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 -2.5dB geometry in synchronous network, using conditional median DIP values and averaged DIP table provided in the email reflector [2]. In addition, the test coverage for the improved minimum performance requirements is discussed. 
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 are included. The FDD system is assumed, and 50PRBs 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. Other simulation assumptions can be found in [3]. In our simulation, the interference and noise estimate in the baseline MMSE receiver is obtained by averaging over the entire band (50PRB), and the MMSE-IRC receiver performs 3PRB-based interference and noise estimation using either CRS or DM RS. 
Table 1 presents throughput performance using conditional median DIP values for Scenario 1 (2x2 low, TM6). The throughput gain over the baseline MMSE receiver is 15~22% when the baseline receiver achieves relative throughput of 57~63%.
Table 2 presents throughput performance using conditional median DIP values for Scenario 2 (4x2 low, TM9). The throughput gain over the baseline receiver is 11~21%, when the baseline receiver achieves relative throughput of 46~56%.
Table 3 and Table 4 show DIP distribution obtained by sorting and averaging DIP values per 5-percentile band and corresponding throughput performances of the MMSE and MMSE-IRC receivers for Scenario 1 and Scenario 2, respectively. For IMCS=9, the average throughput gain for the given DIP distribution table is 22% for Scenario 1 and 14% for Scenario 2. The DIP profiles which yield the throughput gains close to the average throughput gains are in red in Table 3 and Table 4.  
Table 1 Throughput comparison based on conditional median DIP values for Scenario 1 (2x2 low, TM6, G=-2.5dB, DIP1 = -2.02dB, DIP2 = -8.31dB)
	
	Throughput (Mbps)
	Relative throughput
(% of max throughput)
	Throughput gain

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

	7 / 6200
	3.926
	4.800
	63.3
	77.4
	22.3%

	8 / 6968
	3.990
	4.827
	57.3
	69.3
	21.0%

	9 / 7992
	3.958
	4.532
	56.7
	49.5
	14.5%


Table 2 Throughput comparison based on conditional median DIP values for Scenario 2 (4x2 low, TM9, G=-2.5dB, DIP1 = -2.02dB, DIP2 = -8.31dB)
	
	Throughput (Mbps)
	Relative throughput 
(% of max throughput)
	Throughput gain

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

	7 / 6200
	3.497
	4.228
	56.4
	68.2
	20.9%

	8 / 6968
	3.538
	3.952
	50.8
	56.7
	11.7%

	9 / 7992
	3.650
	4.066
	45.7
	50.9
	11.4%


Table 3 Throughput comparison based on DIP table for Scenario 1 (2x2 low, TM6, G=-2.5dB, IMCS=9)
	#
	DIP1
	DIP2
	Throughput (Mbps)
	Relative throughput 

(% of max throughput)
	Throughput

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

	1
	-5.71
	-6.77
	3.924
	3.936
	49.1
	49.3
	0.3

	2
	-4.34
	-5.91
	3.941
	4.143
	49.3
	51.8
	5.1

	3
	-3.86
	-5.63
	3.889
	4.185
	48.7
	52.4
	7.6

	4
	-3.49
	-5.54
	3.906
	4.284
	48.9
	53.6
	9.7

	5
	-3.22
	-5.42
	3.927
	4.334
	49.1
	54.2
	10.4

	6
	-2.99
	-5.95
	3.921
	4.376
	49.1
	54.8
	11.6

	7
	-2.72
	-6.80
	3.783
	4.379
	47.3
	54.8
	15.8

	8
	-2.50
	-7.21
	3.957
	4.348
	49.5
	54.4
	9.9

	9
	-2.30
	-7.28
	3.993
	4.445
	50.0
	55.6
	11.3

	10
	-2.12
	-7.78
	4.002
	4.466
	50.1
	55.9
	11.6

	11
	-1.90
	-8.33
	3.997
	4.536
	50.0
	56.8
	13.5

	12
	-1.73
	-8.66
	3.958
	4.495
	49.5
	56.2
	13.6

	13
	-1.55
	-9.31
	3.702
	4.721
	46.3
	59.1
	27.5

	14
	-1.39
	-9.55
	3.909
	4.988
	48.9
	62.4
	27.6

	15
	-1.21
	-9.92
	4.047
	5.118
	50.6
	64.0
	26.4

	16
	-1.03
	-10.99
	3.816
	5.208
	47.7
	65.2
	36.5

	17
	-0.83
	-11.44
	3.835
	5.367
	48.0
	67.2
	40.0

	18
	-0.58
	-12.12
	3.890
	5.808
	48.7
	72.7
	49.3

	19
	-0.41
	-13.21
	3.865
	6.123
	48.4
	76.6
	58.4

	20
	-0.31
	-13.73
	3.919
	5.945
	49.0
	74.4
	51.7


Table 4 Throughput comparison based on DIP table for Scenario 2 (4x2 low, TM9, G=-2.5dB, IMCS=9)
	#
	DIP1
	DIP2
	Throughput (Mbps)
	Relative throughput 

(% of max throughput)
	Throughput

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

	1
	-5.71
	-6.77
	3.497
	3.668
	43.8
	45.9
	4.9

	2
	-4.34
	-5.91
	3.628
	3.831
	45.4
	47.9
	5.6

	3
	-3.86
	-5.63
	3.632
	3.847
	45.4
	48.1
	5.9

	4
	-3.49
	-5.54
	3.579
	3.946
	44.8
	49.4
	10.3

	5
	-3.22
	-5.42
	3.636
	3.954
	45.5
	49.5
	8.8

	6
	-2.99
	-5.95
	3.734
	3.989
	46.7
	49.9
	6.8

	7
	-2.72
	-6.80
	3.678
	4.057
	46.0
	50.8
	10.3

	8
	-2.50
	-7.21
	3.665
	4.009
	45.9
	50.2
	9.4

	9
	-2.30
	-7.28
	3.667
	4.025
	45.9
	50.4
	9.8

	10
	-2.12
	-7.78
	3.501
	4.028
	43.8
	50.4
	15.1

	11
	-1.90
	-8.33
	3.540
	4.062
	44.3
	50.8
	14.7

	12
	-1.73
	-8.66
	3.625
	4.106
	45.4
	51.4
	13.3

	13
	-1.55
	-9.31
	3.604
	4.161
	45.1
	52.1
	15.5

	14
	-1.39
	-9.55
	3.546
	4.262
	44.4
	53.3
	20.2

	15
	-1.21
	-9.92
	3.574
	4.283
	44.7
	53.6
	19.8

	16
	-1.03
	-10.99
	3.633
	4.313
	45.5
	54.0
	18.7

	17
	-0.83
	-11.44
	3.610
	4.337
	45.2
	54.3
	20.1

	18
	-0.58
	-12.12
	3.589
	4.420
	44.9
	55.3
	23.2

	19
	-0.41
	-13.21
	3.624
	4.396
	45.4
	55.0
	21.3

	20
	-0.31
	-13.73
	3.567
	4.376
	44.6
	54.8
	22.7


3 Test Coverage
According to the Work Item (WI) description approved in RAN#55 meeting, the detailed objectives for improved minimum performance requirements for E-UTRA include [4]:

· Specify the performance requirements for demodulation tests to verify that LMMSE-IRC gains are achieved by practical implementations. 
· Specify the baseline receiver and conformance test conditions to mitigate inter-cell interference following the conclusion of study item phase: 

· LMMSE-IRC receiver should be considered as baseline receiver structure targeting spatial domain interference mitigation

· Network deployment scenarios and interference modeling should be considered according to the conclusion and evaluation results of study item, e.g. DIP distribution number of interfering cells and synchronous network deployments. Note that further evaluation of DIP distributions conditioned to G=-2.5dB is additionally planned.
· Both CRS- and DM-RS based transmission modes should be covered on both serving and interfering cells. The detailed modes should be specified with test conditions.
· Complexity of interference modelling for the performance requirements and conformance testing shall be taken into account.
· Gains for asynchronous network deployments were not concluded in the study item phase due to the limited input contributions. The need for requirements covering asynchronous deployments may therefore be investigated in the WI phase.
During study item phase, 3 experiments showed lower gains in asynchronous networks for CRS and DM-RS based transmission (5-10% for CRSs and lower for DM-RS) than in synchronous networks [5]. As the purpose of WI is to design demodulation tests which can verify whether UE implementation achieves LMMSE-IRC gains or not, it is more appropriate to select scenarios with higher performance gains from the LMMSE-IRC receiver. Although further simulation results on the scenario of asynchronous networks may be necessary to conclude, performance requirements in asynchronous network seems less beneficial in terms of verifying the proper UE implementation. Thus, we recommend that RAN4 prioritizes defining performance requirements for low geometry (e.g. G = -2.5dB) in synchronous networks.  
For test cases, two PDSCH (CRS based- and DM RS based-) and one PDCCH/PCFICH (SIMO) demodulation tests would be appropriate. For PDSCH tests, IMCS=7 with conditional median DIP values (DIP1 = -2.02dB, DIP2 = -8.31dB with G=-2.5dB) can be used, since both TM6 and TM9 achieve >20% gains from the LMMSE-IRC receiver and the relative throughput obtained is close to 70% of the max throughput, as shown in Table 1 and Table 2. As for PDCCH/PCFICH tests, single-antenna port performance for FDD is currently defined as follows [6]: 
Table 8.4.1.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	1
	-1.7


A scenario similar to the above can be employed assuming G=-1.5 or -2dB. Simulation results are needed for finalizing further details.  
4 Conclusion

The performance gain of the MMSE-IRC receiver over the MMSE receiver was investigated for the case of -2.5dB geometry in synchronous network. For IMCS=9, we observed 22% average throughput gain for the ‘2x2 low’ MIMO antenna configuration with TM6 and 14% for the ‘4x2 low’ antenna configuration with TM9.
As for test coverage, we observe less benefit for performance requirements in asynchronous networks in terms of verifying the proper UE implementation for improved performance requirements. In summary, we recommend defining two PDSCH (TM6 and TM9) tests with G=-2.5dB and one PDCCH (SIMO) demodulation test in synchronous network scenarios with conditional median DIP values.
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