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1 Introduction
In RAN4#66bis meeting, system level simulation assumption is agreed [1]. Based on the agreed system level simulation assumption, the companion paper [2] proposes side condition for link level.  Based on the side condition and the link level simulation assumption [3], link level simulation results are provided in this paper. 
2 Link level simulation results

In the simulation, link level parameters are attached in Appendix A. For each simulation, Es/Noc, D1/Noc and D2/Noc are logged out from Table 1 to Table 7. For each set, MCS is decided by Link adaptation. The simulation results without CRS-IM and with CRS-IM are attached in Table 1~Table 7. The gain is also shown in the corresponding table. 
As discussed in [2], it is important to note that the link level results in effect compare user throughput gains at different levels of offered load.

From Table 1~Table 7, we can see that for low load, when the Es/Noc, D1/Noc and D2/Noc are higher, the 2-cell CRS-IM achieve significant gain over that without no CRS-IM. The reason is that for higher Es/Noc, the corresponding MCS is higher, higher MCS is more sensitive to the CRS interference. CRS-IM has great impact on the UE performance in these cases. For most of the cases, promising gain can be observed.  
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(dB)
	No-CRS IM
	2-cell CRS IM
	Gain(%)

	1
	-1.0323
	-4.9569
	-6.6639
	383291.7
	389249.4
	1.6

	2
	0.2342
	-2.1368
	-3.5330
	467048.8
	481258.3
	3.0

	3
	0.6987
	-0.7752
	-3.4671
	496325.6
	517785.7
	4.3

	4
	1.1624
	0.1324
	-2.8961
	524574.1
	554810.1
	5.8

	5
	2.1124
	1.1134
	-0.5842
	580647.2
	625493.9
	7.7

	6
	2.0089
	1.6605
	-2.0335
	593128
	643801.4
	8.5

	7
	2.5330
	2.1483
	-0.7138
	620411.7
	681172.3
	9.8

	8
	2.6696
	2.9883
	-2.1468
	625148.9
	694018.1
	11.0

	9
	3.5910
	3.7353
	0.3634
	681375.7
	774016.5
	13.6

	10
	4.3443
	5.0381
	0.4275
	719577.1
	829522.8
	15.3

	11
	5.6197
	6.3787
	2.4471
	762399.2
	939589.1
	23.2

	12
	6.7576
	8.0414
	2.6894
	809492.3
	1032453
	27.5

	13
	9.5660
	11.0607
	5.8549
	859523.2
	1249491
	45.4

	14
	15.4347
	16.0703
	14.2462
	978814.1
	1804445
	84.4

	15
	17.6862
	17.6539
	17.4044
	975157.4
	1962007
	101.2

	16
	18.9750
	18.8322
	18.8271
	977902.3
	2065081
	111.2

	17
	20.5721
	20.4384
	20.4326
	962619.5
	2169011
	125.3

	18
	21.7543
	21.6224
	21.6224
	948718
	2226878
	134.7

	19
	23.0138
	22.8856
	22.8856
	925605.6
	2281872
	146.5

	20
	25.4023
	25.2788
	25.2788
	892298.3
	2346758
	163.0
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(dB)
	No-CRS IC
	2-cell CRS IC
	Gain(%)

	1
	0.2121
	-3.1713
	-4.8277
	454686.2
	467064.1
	2.7

	2
	1.0913
	-1.6853
	-2.6859
	508656.1
	530061.5
	4.2

	3
	1.5590
	-0.4345
	-2.4834
	538135.5
	567547.3
	5.5

	4
	2.1151
	0.2674
	-1.2896
	570493.3
	600213.1
	5.2

	5
	2.1258
	1.0881
	-2.7673
	577528.4
	613122.4
	6.2

	6
	2.4495
	1.5101
	-2.1083
	596943.9
	644514.6
	8.0

	7
	3.1924
	2.7971
	-1.5954
	636857.9
	698337.3
	9.7

	8
	3.8809
	3.5948
	-0.3317
	675164.6
	747315
	10.7

	9
	3.9604
	4.0029
	-1.0851
	690363.8
	760700.3
	10.2

	10
	4.6204
	4.4426
	0.8479
	718766.6
	798026.1
	11.0

	11
	4.8250
	4.8078
	0.8371
	722969.2
	810041.4
	12.0

	12
	5.2149
	5.1564
	1.6192
	741418.3
	848266.9
	14.4

	13
	5.0260
	5.6672
	-0.9758
	732330.5
	837674.8
	14.4

	14
	5.6297
	6.1752
	0.6425
	739413.1
	884316.8
	19.6

	15
	6.5204
	6.8327
	2.8261
	790501.3
	941011.5
	19.0

	16
	7.2765
	7.7991
	3.3984
	806544.7
	997163.4
	23.6

	17
	8.5523
	8.4445
	6.4018
	817465.7
	1037864
	27.0

	18
	10.0558
	10.0991
	7.9502
	844493.7
	1113202
	31.8

	19
	14.4598
	14.4952
	12.7884
	937293.7
	1291933
	37.8

	20
	26.6668
	26.0177
	26.0177
	920696.3
	1517594
	64.8
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(dB)
	No-CRS IC
	2-cell CRS IC
	Gain(%)

	1
	-1.0323
	-4.0130
	-5.9782
	354087.2
	371346.3
	4.9

	2
	0.0392
	-1.6205
	-3.7434
	409293.7
	427979.9
	4.6

	3
	0.5424
	-0.7091
	-2.8328
	439722.6
	461488.2
	4.9

	4
	0.8075
	-0.1077
	-2.6448
	452862.7
	479163.8
	5.8

	5
	1.2152
	0.6448
	-2.1655
	473739.1
	499680
	5.5

	6
	1.7558
	1.5771
	-1.5714
	504336.1
	539354.4
	6.9

	7
	2.4295
	2.4430
	-0.4331
	532443.8
	569977.1
	7.0

	8
	2.5228
	3.1771
	-1.7960
	557644.2
	600652.9
	7.7

	9
	3.4959
	4.0531
	0.5541
	583396.2
	640684.2
	9.8

	10
	3.8585
	5.2308
	-1.2407
	626673.4
	715898.7
	14.2

	11
	5.2793
	6.6074
	1.6910
	675775.7
	771599.6
	14.2

	12
	8.9304
	8.9924
	8.7060
	684968
	818243.2
	19.5

	13
	11.3660
	11.4092
	11.4047
	716824.9
	878416.1
	22.5

	14
	14.1109
	14.6581
	13.7434
	771706.5
	968347.3
	25.5

	15
	15.6805
	15.8215
	15.8170
	786402.4
	984635.2
	25.2

	16
	17.1858
	17.3411
	17.3411
	793021.1
	1014748
	28.0

	17
	18.7063
	18.8735
	18.8735
	798387.9
	1047953
	31.3

	18
	19.7713
	20.7148
	19.0076
	822658.9
	1122409
	36.4

	19
	21.8417
	22.0233
	22.0233
	804896.5
	1081298
	34.3

	20
	23.3442
	23.9489
	23.0659
	823417.1
	1129261
	37.1
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(dB)
	No-CRS IC
	2-cell CRS IC
	Gain(%)

	1
	-2.0240
	-6.2000
	-7.2798
	291497.5
	295233.8
	1.3

	2
	-1.1825
	-3.4840
	-5.4710
	324617.5
	334382.3
	3.0

	3
	-1.0353
	-2.6108
	-6.1330
	334019.7
	350503.7
	4.9

	4
	-0.3549
	-1.6136
	-3.9144
	356157.6
	374512.6
	5.2

	5
	-0.2115
	-1.0316
	-4.2313
	369124
	384088.4
	4.1

	6
	-0.0615
	-0.5137
	-4.5139
	384485.6
	406959.6
	5.8

	7
	0.3626
	-0.0939
	-3.0668
	398266.5
	420287
	5.5

	8
	0.6549
	0.6466
	-3.1537
	421098.3
	449505.1
	6.7

	9
	0.8341
	1.3392
	-4.0397
	443845.6
	471957.4
	6.3

	10
	1.2495
	1.9392
	-3.2843
	458014.9
	486883.2
	6.3

	11
	2.0554
	2.7367
	-1.1200
	482159.6
	517042.8
	7.2

	12
	2.7611
	3.5490
	0.1303
	495151.8
	543705.7
	9.8

	13
	3.6238
	4.6320
	1.2484
	527028.7
	581505.1
	10.3

	14
	3.8120
	5.6475
	-0.9713
	584115.8
	655882.6
	12.3

	15
	5.8977
	6.7561
	4.9202
	560718.8
	635715.4
	13.4

	16
	6.7409
	8.1436
	5.0730
	613914.4
	705190.8
	14.9

	17
	8.7959
	9.3454
	8.8276
	591191.2
	676807.2
	14.5

	18
	10.6422
	12.1619
	9.5012
	665610.5
	799501.5
	20.1

	19
	14.9867
	15.4835
	15.4835
	665560.6
	767708.9
	15.3

	20
	21.2848
	22.0275
	21.6198
	699452.5
	838679.8
	19.9
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(dB)
	No-CRS IC
	2-cell CRS IC
	Gain(%)

	1
	-2.4420
	-5.9287
	-7.4295
	251371.3
	254429.7
	1.2

	2
	-1.6819
	-3.9905
	-5.0615
	279699.3
	292414.9
	4.5

	3
	-1.6679
	-3.1704
	-6.3004
	296522.6
	304386.7
	2.7

	4
	-1.4726
	-2.4989
	-6.3311
	307315
	317463.3
	3.3

	5
	-0.9460
	-2.0119
	-4.0076
	313395.8
	326348.5
	4.1

	6
	-0.8048
	-1.3793
	-4.3681
	323996.8
	341140.9
	5.3

	7
	-0.6980
	-0.9016
	-4.7725
	340352.2
	353461.7
	3.9

	8
	-0.5666
	-0.4929
	-4.9627
	339795.8
	362849.4
	6.8

	9
	-0.1444
	0.0955
	-3.8167
	358785.1
	384292.7
	7.1

	10
	0.0264
	0.4511
	-3.7080
	382061.5
	405489
	6.1

	11
	-0.0239
	0.8676
	-5.4526
	367704.9
	389693.3
	6.0

	12
	0.6134
	1.3338
	-2.6548
	390174.9
	416640.8
	6.8

	13
	0.8186
	1.6924
	-2.4713
	401217.3
	432972.9
	7.9

	14
	1.0403
	2.3160
	-3.0330
	427804.6
	457815.5
	7.0

	15
	1.6586
	3.2041
	-2.2146
	448585.3
	491984.7
	9.7

	16
	2.4143
	3.8667
	-0.1885
	451278
	499130.1
	10.6

	17
	3.9458
	5.5615
	2.1811
	486219.9
	537920
	10.6

	18
	7.0860
	8.9229
	6.1051
	539829.5
	619360.8
	14.7

	19
	9.2701
	11.5633
	7.7582
	597903.1
	712535.5
	19.2

	20
	16.2872
	17.2892
	17.2105
	544377.1
	638811.7
	17.3
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(dB)
	No-CRS IC
	2-cell CRS IC
	Gain(%)

	1
	-3.3763
	-7.8675
	-8.4702
	199811.9
	198407.2
	-0.7

	2
	-2.9303
	-5.6235
	-7.6229
	212410.9
	215819.1
	1.6

	3
	-2.5817
	-4.1938
	-7.2813
	230040.6
	238556.8
	3.7

	4
	-2.0891
	-3.7083
	-4.8114
	227343.1
	238010.9
	4.7

	5
	-1.9789
	-3.1495
	-4.9904
	240246.8
	250244.8
	4.2

	6
	-1.7092
	-2.6270
	-4.3127
	258035.8
	264869.1
	2.6

	7
	-1.5633
	-2.1396
	-4.3055
	280299.9
	290363
	3.6

	8
	-1.2794
	-1.7815
	-3.4443
	267077
	273734.3
	2.5

	9
	-1.6579
	-1.5487
	-6.2104
	280840.2
	292838.6
	4.3

	10
	-1.4714
	-1.2793
	-5.5348
	266695.1
	280402.8
	5.1

	11
	-1.2568
	-0.7475
	-5.4503
	290505.3
	302685.4
	4.2

	12
	-0.7317
	-0.2812
	-3.3437
	306539.9
	331306.1
	8.1

	13
	-0.7600
	-0.0440
	-4.0360
	298281.8
	316901.3
	6.2

	14
	-0.8293
	0.1999
	-5.2305
	289645.8
	306047.8
	5.7

	15
	-0.3007
	0.9587
	-3.9387
	323000.6
	346375.9
	7.2

	16
	0.4971
	1.5137
	-1.1445
	316758.2
	343994.4
	8.6

	17
	1.1514
	2.1543
	0.2573
	324341.7
	350492.5
	8.1

	18
	1.7032
	4.0410
	-1.7438
	408635.2
	452599
	10.8

	19
	6.0872
	9.1546
	3.6319
	509954.6
	610309.1
	19.7

	20
	12.8138
	16.3258
	10.1665
	622384.7
	785664.3
	26.2


Conclusion

In this paper, Link level simulation results are presented. It is observed that at the same level of resource utilization, CRS IM provides significant gains in user throughput. Although not visible in the link level results, CRS IM achieves a higher user throughput at an increased offered load level.
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Appendix A

Table 2: Initial simulation assumptions for the evaluation of link-level evaluation

	Parameter
	Scenario 1

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM 4

	Transmission mode on interference cell
	TM4

	PRBs allocation
	Fixed in serving cell and random allocated in interference cells

	The number of allocated resource in interference cell(s)
	The number of allocated resource is proportional to load/ resource utilization

	MIMO configuration
	2x2 and low correlation

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

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Receiver
	MMSE-IRC with/without CRS-IM

	Target MCS
	Set by link adaptation

	PCFICH/PDCCH detection
	Not considered

	Resource allocation in serving cell
	Fixed 6 PRBs

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum
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