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1
Introduction
At RAN4#64 Qingdao meeting, the simulation assumptions for investigating the throughput gain achieved by MMSE-IRC in asynchronous network were agreed [1]. In this contribution, we provide Huawei and HiSilicon’s corresponding simulation results.  

2
Simulation results 
In [1], the simulation assumptions were agreed for evaluating the MMSE-IRC performance in asynchronous network. The simulation is divided into several stages and each stage is corresponding to a specific synchronization state between the serving and two interfering cells. A weighting factor is given to each stage and the final throughput is formed by the weighted average of the stage throughputs. Test 1 and 2 from the FDD simulation assumptions for advanced receiver were adopted to the asynchronous scenarios. It is also agreed to use the compromised DIP1=-2.23dB and DIP2=-8.06dB in both test cases. The detailed simulation assumptions are listed in the Annex. In the following we provide our detailed link level simulation results. 
2.1 Test 1 (TM2/TM3)
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Scenarios A(20%)

0.8225 1.3659 1.7247 2.0939 2.4500 2.8728 3.1742 3.5323 4.1946 4.5258 4.6187 4.6412 4.6435 4.6437 4.6440 4.6440

Scenarios B(10%) 0.7676 1.3362 1.6914 2.0648 2.4128 2.8176 3.1117 3.4745 4.1365 4.5083 4.6167 4.6404 4.6435 4.6437 4.6440 4.6440

Scenarios C(15%)

0.6561 1.2696 1.6473 2.0134 2.3635 2.7420 3.0070 3.3496 4.0385 4.4760 4.6094 4.6381 4.6435 4.6437 4.6440 4.6440

Scenarios D(15%)

0.5924 1.2340 1.6171 1.9825 2.3300 2.6938 2.9461 3.2725 3.9768 4.4459 4.6014 4.6370 4.6430 4.6437 4.6440 4.6440

Scenarios E(40%) 0.6115 1.2314 1.6086 1.9724 2.3158 2.6798 2.9291 3.2358 3.9461 4.4304 4.5996 4.6339 4.6432 4.6437 4.6440 4.6440

Weighted 0.6731 1.2749 1.6472 2.0136 2.3616 2.7436 3.0106 3.3416 4.0333 4.4664 4.6069 4.6371 4.6433 4.6437 4.6440 4.6440

Scenarios A(20%) 0.3346 0.9786 1.4771 1.8514 2.2167 2.6037 2.8318 3.1285 3.8083 4.3334 4.5728 4.6283 4.6417 4.6435 4.6437 4.6440

Scenarios B(10%)

0.2918 0.9316 1.4458 1.8181 2.1884 2.5640 2.7867 3.0692 3.7534 4.2988 4.5617 4.6257 4.6417 4.6435 4.6437 4.6440

Scenarios C(15%)

0.2064 0.8104 1.3615 1.7474 2.1128 2.4802 2.6755 2.9306 3.5720 4.1811 4.5184 4.6172 4.6396 4.6432 4.6437 4.6440

Scenarios D(15%) 0.1801 0.7611 1.3359 1.7185 2.0864 2.4510 2.6414 2.8801 3.5150 4.1463 4.5073 4.6151 4.6391 4.6432 4.6437 4.6440

Scenarios E(40%) 0.1914 0.7621 1.3326 1.7064 2.0795 2.4332 2.6130 2.8522 3.4758 4.1172 4.4928 4.6084 4.6383 4.6432 4.6437 4.6440

Weighted

0.2307 0.8295 1.3776 1.7546 2.1239 2.4901 2.6878 2.9451 3.5904 4.1925 4.5217 4.6164 4.6396 4.6433 4.6437 4.6440
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2.2 Test 2 (TM6/TM4)
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Scenarios A(20%)

0.3990 0.9982 1.7529 2.4883 3.0678 3.5820 3.8509 4.2258 5.0913 6.1311 7.0190 7.5713 7.7815 7.8498 7.8687 7.8774

Scenarios B(10%) 0.3232 0.8659 1.6140 2.3569 2.9635 3.4760 3.7274 4.0467 4.8666 5.9117 6.8503 7.4789 7.7504 7.8455 7.8678 7.8748

Scenarios C(15%) 0.1489 0.5694 1.2317 1.9636 2.6552 3.2022 3.4379 3.6928 4.3971 5.2976 6.2971 7.1249 7.6256 7.8003 7.8533 7.8700

Scenarios D(15%)

0.1003 0.4612 1.0915 1.7884 2.5251 3.0940 3.3310 3.5771 4.2228 5.0720 6.0689 6.9716 7.5467 7.7806 7.8455 7.8665

Scenarios E(40%) 0.1358 0.5234 1.1655 1.9044 2.5982 3.1567 3.4133 3.6643 4.3848 5.2726 6.2739 7.1114 7.6168 7.8021 7.8512 7.8704

Weighted

0.2038 0.6502 1.3267 2.0579 2.7262 3.2711 3.5236 3.8060 4.5518 5.4819 6.4533 7.2212 7.6539 7.8125 7.8558 7.8716

Scenarios A(20%)

0.0460 0.2295 0.7209 1.3959 2.1234 2.8115 3.1186 3.3963 3.9753 4.8351 5.8039 6.6686 7.3650 7.7031 7.8157 7.8590

Scenarios B(10%)

0.0372 0.2002 0.6592 1.3258 2.0455 2.7397 3.0494 3.3362 3.8789 4.6971 5.6699 6.5674 7.2980 7.6860 7.8122 7.8551

Scenarios C(15%)

0.0228 0.1323 0.4800 1.0963 1.7800 2.4970 2.8159 3.1059 3.6354 4.3336 5.2744 6.2117 7.0080 7.5502 7.7697 7.8455

Scenarios D(15%) 0.0166 0.1060 0.4174 1.0113 1.7003 2.4121 2.7384 3.0323 3.5684 4.2179 5.1329 6.1013 6.9086 7.5117 7.7522 7.8402

Scenarios E(40%) 0.0184 0.1073 0.4065 0.9746 1.6666 2.3814 2.7248 3.0240 3.5776 4.2609 5.1780 6.1285 6.9414 7.5310 7.7631 7.8380

Weighted

0.0262 0.1446 0.5073 1.1177 1.8179 2.5252 2.8517 3.1432 3.6946 4.4238 5.3601 6.2888 7.0668 7.5809 7.7779 7.8454
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From the simulation results of test 1 and 2, we can have the following observations,

Observation 1: 

MMSE-IRC receiver achieves the highest throughput in all the selected interference scenarios
Observation 2: 

MMSE receiver throughput decreases in asynchronous scenarios compared with in synchronous scenario

Observation 3: 

In different inference scenarios all throughput gain of IRC over MMSE are within a reasonable range  
Since at the target SINR (-2.5dB for test 1 and 0dB for test 2), test 2 shows larger IRC/MMSE gain with wider distribution, asynchronous test case should be designed based on test 2.  To reduce the testing complexity, only one asynchronous interference scenario should be chosen since all of them achieve pretty good throughput gain. Considering the facts that three cells are already needed in synchronous network test cases and scenarios E happens with the highest probability (40%), we propose to adopt scenario E as the interference model for the asynchronous test case. Also in scenario E, the three different correlation matrixes span the equal amount of subframe timing, so it best serves the testing purpose of differentiating the UE IRC implementations which are only optimized for synchronous network.    
Proposal 1: 

One test case should be designed for defining the UE performance requirement in asynchronous network
Proposal 2: 

Select test 2(TM6/TM4) for defining the UE performance requirement in asynchronous network
Proposal 3: 

Adopt only interference scenario E for defining the UE performance requirement in asynchronous network
3
Conclusions

In this contribution, we provide Huawei and HiSilicon simulation results for advanced receiver in asynchronous network based on the agreed simulation assumption R4-124791. From the results, we observe,
Observation 1: 

MMSE-IRC receiver achieves the highest throughput in all the selected interference scenarios
Observation 2: 

MMSE receiver throughput decreases in asynchronous scenarios compared with in synchronous scenario

Observation 3: 

In different inference scenarios all throughput gain of IRC over MMSE are within a reasonable range

Based on these observations, we propose,

Proposal 1: 

One test case should be designed for defining the UE performance requirement in asynchronous network
Proposal 2: 

Select test 2(TM6/TM4) for defining the UE performance requirement in asynchronous network
Proposal 3: 

Adopt only interference scenario E for defining the UE performance requirement in asynchronous network
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Annex
Simulation assumptions for link level evaluation

Table 1 Time offsets for interfering cells and simulation output
	Scenario
	Simulation output
	Minimum simulation length
	Throughput weighting parameter
	Time offset wrt. serving cell timing (Note 1)

	
	
	
	
	1st interfering cell (DIP1)
	2nd interfering cell (DIP2)

	A
	Throughput vs. geometry to be provided separately
	20000 subframes
	[20%]
	0
	0

	B
	Throughput vs. geometry to be provided separately
	20000 subframes
	[10%]
	0
	a

	C
	Throughput vs. geometry to be provided separately
	20000 subframes
	[15%]
	a
	0

	D
	Throughput vs. geometry to be provided separately
	20000 subframes
	[15%]
	a
	a

	E
	Throughput vs. geometry to be provided separately
	20000 subframes
	[40%]
	b
	c

	
	Aggregated weighted throughput over scenarios A,B,C,D,E vs. geometry
	100000 subframes
	[100%]
	All above scenarios included


Table 2 Simulation assumptions for link-level evaluation under asynchronous network timing
	Parameter
	Case 1 (TM2)
	Case 2 (TM6)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6

	Transmission mode in interfering cells
	TM3
	TM4

	MIMO configuration
	2x2, low correlation
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA70
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells

	Receivers to be evaluated
	-
Baseline receiver (companies to provide information)
-
RS-based LMMSE-IRC receiver

	Time delays between cells
	All scenarios defined in Table 4 have to be simulated individually

	Geometry
	Geometry range: [-8:1:6] dB, including G=-2.5dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keep DIP(s) fixed to agreed values

	DIP values
	DIP1= -2.23dB, DIP2= -8.06dB

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between cells

	CSI reference signals
	N/A
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A
	N/A

	CSI reference signal configuration
	N/A
	N/A

	Resource allocation
	50 PRBs
	50 PRBs

	
	
	

	Subframes for demodulation in serving cell
	All subframes scheduled for demodulation except subframe #5

	MSC and TBS options
	Refer to Table 2
	Refer to Table 3

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	[PUCCH 1-0]
	[PUCCH 1-1]

	Feedback periodicity & delay for target signal
	Feedback periodicity: 5 msec; Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing rank per sub-band from subframe to subframe
	Randomly changing rank and PMI per sub-band from subframe to subframe

	
	Frequency granularity is 6 PRBs

	
	80% rank-1,20% rank-2
	80% rank-1, 20% rank-2

	PMI for target signal
	N/A
	Follow wideband PMI

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH (full load, in all subframes)
PDSCH (full load, in all subframes): 16QAM modulation is agreed to be used in interfering cells

PSS/SSS/PBCH

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal

	Simulation length
	20000 sub-frames at minimum for each of the considered scenarios
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