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1. Introduction
The detail model of non-full buffer traffic was proposed for CoMP evaluations in [1]. FTP traffic models together with the associated simulation methodology were subsequently agreed and captured in Section A.2.1.3 of TR 36.814 [2]. In this contribution, we present simulation results for non-full buffer traffic in order to evaluate the performance benefits of CoMP over a wide range of network loads. Compared with previous assumptions in [4], some simulation assumptions and parameters are changed, making more convincing CoMP evaluation results. Modified assumptions are summarized as follows.

· CSI-RS muting technique is used in both CoMP system and Non-CoMP system for fair performance comparison.

· X-polarized antenna configuration is added.

· DL overhead is recalculated, and CoMP system and Non-CoMP system have the same DL overhead for fair performance comparison.

· CS/CB CoMP with SU/MU-MIMO is additionally evaluated.

2. Performance Results
The results for FTP traffic model are shown in the below tables. Load factor (UE arrival rate for FTP model 1) was varied to obtain [0.25%, 0.7%] of RU. In order to exclude CSI-RS muting gain on the top of real CoMP gain, both CoMP and non-CoMP system are evaluated under the same CSI-RS overhead, namely that CSI-RS reuse factor is 3. MU-MIMO gain is derived from throughput difference from SU-MIMO, MU-CoMP gain is derived from throughput difference from MU-MIMO, and SU/MU-CoMP gain is derived from throughput difference from SU/MU-MIMO.
Table 1. SU-MIMO with CSI-RS Muting
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5271
	23291
	N/A
	7859
	N/A
	18016
	N/A
	0.23

	
	0.64
	9820
	18185
	N/A
	4497
	N/A
	12029
	N/A
	0.47

	
	0.97
	14030
	12335
	N/A
	2304
	N/A
	6654
	N/A
	0.73

	Case1, (4x2), X-Pol 
	0.31
	4775
	24704
	N/A
	6929
	N/A
	17620
	N/A
	0.23

	
	0.56
	8547
	19634
	N/A
	4226
	N/A
	12009
	N/A
	0.45

	
	0.82
	11984
	14674
	N/A
	2336
	N/A
	7293
	N/A
	0.68

	ITU UMi, (4x2), Co-Pol 
	0.30
	4664
	19954
	N/A
	6731
	N/A
	15570
	N/A
	0.24

	
	0.55
	8309
	15157
	N/A
	3546
	N/A
	9888
	N/A
	0.48

	
	0.79
	11081
	10481
	N/A
	1908
	N/A
	5674
	N/A
	0.72

	ITU UMi, (4x2), X-Pol 
	0.25
	3861
	20062
	N/A
	5263
	N/A
	14273
	N/A
	0.23

	
	0.46
	6876
	15638
	N/A
	3238
	N/A
	9591
	N/A
	0.45

	
	0.66
	9260
	11356
	N/A
	1994
	N/A
	5910
	N/A
	0.68

	Case1, (2x2), Co-Pol 
	0.28
	4342
	19314
	N/A
	6444
	N/A
	15166
	N/A
	0.23

	
	0.53
	7980
	14829
	N/A
	3675
	N/A
	9908
	N/A
	0.48

	
	0.77
	10893
	10372
	N/A
	2010
	N/A
	5771
	N/A
	0.72

	Case1, (2x2), X-Pol 
	0.26
	3984
	20688
	N/A
	5544
	N/A
	14193
	N/A
	0.24

	
	0.45
	6712
	16552
	N/A
	3458
	N/A
	9745
	N/A
	0.45

	
	0.66
	9223
	12232
	N/A
	1964
	N/A
	5961
	N/A
	0.69

	ITU UMi, (2x2), Co-Pol 
	0.25
	3846
	16433
	N/A
	5213
	N/A
	12499
	N/A
	0.25

	
	0.44
	6478
	12548
	N/A
	2809
	N/A
	7996
	N/A
	0.48

	
	0.64
	8543
	8701
	N/A
	1590
	N/A
	4715
	N/A
	0.73

	ITU UMi, (2x2), X-Pol 
	0.21
	3163
	16966
	N/A
	4098
	N/A
	11333
	N/A
	0.24

	
	0.36
	5254
	13096
	N/A
	2499
	N/A
	7634
	N/A
	0.46

	
	0.54
	7125
	9183
	N/A
	1594
	N/A
	4701
	N/A
	0.71


Table 2. MU-MIMO with CSI-RS Muting (Gain compared to SU-MIMO System with CSIRS muting )
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5290
	21008
	-9.80%
	8425
	7.21%
	17970
	-0.26%
	0.27

	
	0.64
	9865
	16370
	-9.98%
	4888
	8.71%
	12180
	1.26%
	0.61

	
	0.97
	14341
	11372
	-7.80%
	2753
	19.48%
	7230
	8.66%
	1.06

	Case1, (4x2), X-Pol 
	0.31
	4778
	19587
	-20.71%
	6675
	-3.67%
	15812
	-10.27%
	0.28

	
	0.56
	8465
	14540
	-25.94%
	4060
	-3.93%
	10112
	-15.80%
	0.62

	
	0.82
	11630
	9822
	-33.07%
	2232
	-4.44%
	5821
	-20.19%
	1.07

	ITU UMi, (4x2), Co-Pol 
	0.30
	4667
	19852
	-0.51%
	7210
	7.12%
	16418
	5.45%
	0.26

	
	0.55
	8360
	15354
	1.30%
	4093
	15.43%
	10847
	9.70%
	0.58

	
	0.79
	11457
	11000
	4.96%
	2403
	25.97%
	6630
	16.84%
	0.98

	ITU UMi, (4x2), X-Pol 
	0.25
	3852
	18138
	-9.59%
	5680
	7.92%
	14221
	-0.36%
	0.25

	
	0.46
	6882
	13957
	-10.75%
	3484
	7.60%
	9529
	-0.65%
	0.56

	
	0.66
	9352
	10065
	-11.37%
	2169
	8.76%
	6006
	1.63%
	0.93

	Case1, (2x2), Co-Pol 
	0.28
	4345
	18837
	-2.47%
	6395
	-0.76%
	15031
	-0.89%
	0.25

	
	0.53
	7933
	13908
	-6.21%
	3526
	-4.05%
	9277
	-6.37%
	0.57

	
	0.77
	10738
	9271
	-10.61%
	1910
	-4.98%
	5218
	-9.58%
	0.95

	Case1, (2x2), X-Pol 
	0.26
	3972
	17772
	-14.09%
	5546
	0.03%
	13570
	-4.40%
	0.26

	
	0.45
	6639
	13263
	-19.87%
	3266
	-5.55%
	8588
	-11.88%
	0.54

	
	0.66
	8856
	8719
	-28.72%
	1750
	-10.91%
	4717
	-20.88%
	0.94

	ITU UMi, (2x2), Co-Pol 
	0.25
	3849
	16941
	3.09%
	5302
	1.69%
	12931
	3.45%
	0.26

	
	0.44
	6495
	12462
	-0.69%
	2837
	1.01%
	7945
	-0.64%
	0.55

	
	0.64
	8522
	8427
	-3.14%
	1628
	2.37%
	4580
	-2.87%
	0.91

	ITU UMi, (2x2), X-Pol 
	0.21
	3173
	16513
	-2.67%
	4494
	9.66%
	12233
	7.94%
	0.24

	
	0.36
	5310
	12775
	-2.45%
	2800
	12.04%
	8214
	7.60%
	0.48

	
	0.54
	7336
	8915
	-2.92%
	1742
	9.28%
	5036
	7.14%
	0.84


Table 3. SU/MU-MIMO with CSI-RS Muting (Gain compared to SU-MIMO System with CSIRS muting )
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5274
	23408
	0.50%
	8286
	5.44%
	18299
	1.57%
	0.32

	
	0.64
	9864
	18500
	1.73%
	4811
	6.98%
	12596
	4.71%
	0.66

	
	0.97
	14350
	13046
	5.76%
	2773
	20.37%
	7567
	13.73%
	1.09

	Case1, (4x2), X-Pol 
	0.31
	4777
	24615
	-0.36%
	6932
	0.04%
	17480
	-0.80%
	0.38

	
	0.56
	8541
	19442
	-0.98%
	4143
	-1.97%
	11745
	-2.19%
	0.73

	
	0.82
	11942
	14456
	-1.49%
	2327
	-0.41%
	7076
	-2.99%
	1.13

	ITU UMi, (4x2), Co-Pol 
	0.30
	4667
	20128
	0.87%
	6908
	2.63%
	15922
	2.26%
	0.31

	
	0.55
	8359
	15615
	3.02%
	4000
	12.80%
	10625
	7.46%
	0.64

	
	0.79
	11445
	11323
	8.04%
	2338
	22.53%
	6580
	15.96%
	1.02

	ITU UMi, (4x2), X-Pol 
	0.25
	3860
	20015
	-0.23%
	5229
	-0.65%
	14206
	-0.47%
	0.34

	
	0.46
	6871
	15604
	-0.22%
	3318
	2.47%
	9631
	0.42%
	0.68

	
	0.66
	9329
	11396
	0.35%
	2074
	4.02%
	6073
	2.77%
	1.04

	Case1, (2x2), Co-Pol 
	0.28
	4337
	19081
	-1.21%
	6349
	-1.47%
	14797
	-2.43%
	0.28

	
	0.53
	7947
	14188
	-4.32%
	3497
	-4.83%
	9240
	-6.75%
	0.60

	
	0.77
	10743
	9526
	-8.16%
	1918
	-4.56%
	5240
	-9.20%
	0.97

	Case1, (2x2), X-Pol 
	0.26
	3981
	20624
	-0.31%
	5498
	-0.82%
	14074
	-0.84%
	0.37

	
	0.45
	6690
	16279
	-1.65%
	3328
	-3.76%
	9445
	-3.08%
	0.66

	
	0.66
	9054
	11654
	-4.73%
	1849
	-5.87%
	5466
	-8.31%
	1.01

	ITU UMi, (2x2), Co-Pol 
	0.25
	3847
	16295
	-0.84%
	5112
	-1.95%
	12280
	-1.76%
	0.29

	
	0.44
	6475
	12242
	-2.44%
	2781
	-0.99%
	7762
	-2.93%
	0.58

	
	0.64
	8480
	8343
	-4.12%
	1623
	2.05%
	4541
	-3.70%
	0.93

	ITU UMi, (2x2), X-Pol 
	0.21
	3164
	17013
	0.28%
	4163
	1.59%
	11414
	0.72%
	0.33

	
	0.36
	5265
	13213
	0.89%
	2598
	3.95%
	7817
	2.39%
	0.60

	
	0.54
	7250
	9382
	2.18%
	1687
	5.86%
	4937
	5.03%
	0.94


Table 4. MU-CS/CB 9 cell CoMP (Gain compared to MU-MIMO System with CSIRS muting)
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5301
	22600
	7.58%
	9091
	7.90%
	19641
	9.30%
	0.25

	
	0.64
	9915
	17773
	8.57%
	5598
	14.52%
	13642
	12.00%
	0.55

	
	0.97
	14550
	12642
	11.16%
	3253
	18.18%
	8327
	15.17%
	0.97

	Case1, (4x2), X-Pol 
	0.31
	4798
	21086
	7.65%
	7370
	10.41%
	17281
	9.29%
	0.25

	
	0.56
	8530
	15837
	8.92%
	4481
	10.36%
	11250
	11.26%
	0.57

	
	0.82
	11872
	10816
	10.12%
	2509
	12.41%
	6560
	12.70%
	0.99

	ITU UMi, (4x2), Co-Pol 
	0.30
	4696
	21789
	9.76%
	8093
	12.24%
	18447
	12.36%
	0.23

	
	0.55
	8416
	17009
	10.78%
	4766
	16.44%
	12449
	14.78%
	0.52

	
	0.79
	11669
	12450
	13.18%
	2892
	20.31%
	7851
	18.42%
	0.88

	ITU UMi, (4x2), X-Pol 
	0.25
	3881
	20246
	11.62%
	6560
	15.50%
	16201
	13.92%
	0.22

	
	0.46
	6993
	15825
	13.38%
	4037
	15.87%
	11102
	16.51%
	0.49

	
	0.66
	9586
	11670
	15.94%
	2547
	17.41%
	7235
	20.46%
	0.82

	Case1, (2x2), Co-Pol 
	0.28
	4359
	20709
	9.94%
	7350
	14.93%
	16983
	12.99%
	0.22

	
	0.53
	8014
	15435
	10.98%
	4153
	17.78%
	10752
	15.90%
	0.50

	
	0.77
	11075
	10532
	13.60%
	2295
	20.17%
	6232
	19.42%
	0.84

	Case1, (2x2), X-Pol 
	0.26
	3992
	19333
	8.78%
	6020
	8.54%
	15017
	10.66%
	0.23

	
	0.45
	6701
	14597
	10.06%
	3759
	15.08%
	9734
	13.35%
	0.49

	
	0.66
	9117
	9591
	10.00%
	2030
	16.04%
	5388
	14.23%
	0.85

	ITU UMi, (2x2), Co-Pol 
	0.25
	3872
	19281
	13.81%
	6095
	14.97%
	15177
	17.37%
	0.22

	
	0.44
	6592
	14244
	14.30%
	3409
	20.15%
	9473
	19.23%
	0.48

	
	0.64
	8981
	9604
	13.96%
	1927
	18.37%
	5484
	19.75%
	0.80

	ITU UMi, (2x2), X-Pol 
	0.21
	3194
	18860
	14.21%
	5342
	18.86%
	14393
	17.66%
	0.20

	
	0.36
	5385
	15021
	17.58%
	3401
	21.45%
	10165
	23.75%
	0.41

	
	0.54
	7690
	10670
	19.69%
	2227
	27.88%
	6490
	28.86%
	0.71


Table 5. MU-JT 9 cell CoMP (Gain compared to MU-MIMO System with CSIRS muting)
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5319
	23846
	13.51%
	10458
	24.12%
	21457
	19.41%
	0.23

	
	0.64
	9918
	16985
	3.76%
	5760
	17.82%
	13312
	9.29%
	0.52

	
	0.97
	14339
	10283
	-9.58%
	3067
	11.41%
	7117
	-1.56%
	0.92

	Case1, (4x2), X-Pol 
	0.31
	4837
	22361
	14.16%
	8806
	31.92%
	19191
	21.37%
	0.22

	
	0.56
	8515
	14690
	1.03%
	4591
	13.08%
	10693
	5.75%
	0.53

	
	0.82
	11570
	8065
	-17.89%
	2380
	6.60%
	5307
	-8.82%
	0.94

	ITU UMi, (4x2), Co-Pol 
	0.30
	4714
	23475
	18.25%
	9615
	33.35%
	20940
	27.54%
	0.21

	
	0.55
	8449
	17027
	10.90%
	5487
	34.05%
	13212
	21.81%
	0.46

	
	0.79
	11663
	11040
	0.36%
	3097
	28.84%
	7505
	13.21%
	0.79

	ITU UMi, (4x2), X-Pol 
	0.25
	3908
	22559
	24.37%
	8914
	56.94%
	19589
	37.74%
	0.18

	
	0.46
	7018
	16044
	14.95%
	4702
	34.94%
	11960
	25.51%
	0.42

	
	0.66
	9586
	10167
	1.01%
	2609
	20.30%
	6759
	12.54%
	0.73

	Case1, (2x2), Co-Pol 
	0.28
	4374
	22441
	19.13%
	8743
	36.72%
	19355
	28.77%
	0.19

	
	0.53
	8011
	14556
	4.66%
	4322
	22.58%
	10462
	12.78%
	0.46

	
	0.77
	10863
	8170
	-11.88%
	2246
	17.60%
	5319
	1.94%
	0.77

	Case1, (2x2), X-Pol 
	0.26
	4045
	21315
	19.94%
	7377
	33.01%
	17480
	28.82%
	0.19

	
	0.45
	6703
	13837
	4.33%
	3857
	18.11%
	9462
	10.18%
	0.43

	
	0.66
	8778
	7151
	-17.99%
	1918
	9.61%
	4380
	-7.14%
	0.79

	ITU UMi, (2x2), Co-Pol 
	0.25
	3892
	21649
	27.79%
	7882
	48.67%
	18278
	41.35%
	0.18

	
	0.44
	6621
	14648
	17.54%
	4158
	46.57%
	10476
	31.85%
	0.40

	
	0.64
	9065
	8290
	-1.63%
	2115
	29.90%
	5255
	14.74%
	0.69

	ITU UMi, (2x2), X-Pol 
	0.21
	3230
	22099
	33.82%
	8081
	79.80%
	18840
	54.01%
	0.15

	
	0.36
	5450
	16403
	28.40%
	4602
	64.34%
	12086
	47.14%
	0.32

	
	0.54
	7807
	9892
	10.96%
	2234
	28.29%
	6253
	24.16%
	0.59


Table 6. SU/MU-CS/CB 9 cell CoMP (Gain compared to SU/MU-MIMO System with CSIRS muting) 
	Simulation 
Configuration 
	Load Factor 
	Sector Tput 
[kbps] 
	Mean UE Tput 
[kbps] 
	Gain[%] 
	UE Tput 
(5%) 
[kbps] 
	Gain[%] 
	HM 
UE Tput [kbps] 
	Gain[%] 
	RU[%] 

	Case1, (4x2), Co-Pol 
	0.34
	5299
	25392
	8.47%
	9644
	16.40%
	20790
	13.61%
	0.27

	
	0.64
	9918
	20195
	9.17%
	5725
	19.00%
	14562
	15.61%
	0.58

	
	0.97
	14584
	14514
	11.26%
	3338
	20.34%
	8918
	17.86%
	0.98

	Case1, (4x2), X-Pol 
	0.31
	4809
	26215
	6.50%
	8036
	15.92%
	19576
	11.99%
	0.29

	
	0.56
	8604
	20833
	7.15%
	4834
	16.68%
	13422
	14.28%
	0.60

	
	0.82
	12206
	15657
	8.31%
	2776
	19.33%
	8217
	16.14%
	0.98

	ITU UMi, (4x2), Co-Pol 
	0.30
	4703
	22424
	11.41%
	7984
	15.57%
	18425
	15.72%
	0.26

	
	0.55
	8418
	17525
	12.23%
	4792
	19.80%
	12537
	17.99%
	0.55

	
	0.79
	11680
	12850
	13.49%
	2875
	22.96%
	7924
	20.43%
	0.90

	ITU UMi, (4x2), X-Pol 
	0.25
	3891
	22043
	10.13%
	6390
	22.20%
	16700
	17.55%
	0.25

	
	0.46
	6999
	17455
	11.86%
	4009
	20.82%
	11551
	19.94%
	0.53

	
	0.66
	9617
	13049
	14.50%
	2579
	24.34%
	7546
	24.25%
	0.85

	Case1, (2x2), Co-Pol 
	0.28
	4357
	21188
	11.04%
	7366
	16.02%
	17049
	15.22%
	0.24

	
	0.53
	8017
	15831
	11.58%
	4172
	19.30%
	10898
	17.94%
	0.53

	
	0.77
	11086
	10738
	12.73%
	2323
	21.08%
	6285
	19.95%
	0.87

	Case1, (2x2), X-Pol 
	0.26
	4002
	22579
	9.48%
	6282
	14.25%
	16247
	15.44%
	0.28

	
	0.45
	6784
	17751
	9.04%
	3871
	16.33%
	10961
	16.05%
	0.54

	
	0.66
	9341
	12514
	7.37%
	2173
	17.52%
	6289
	15.06%
	0.88

	ITU UMi, (2x2), Co-Pol 
	0.25
	3869
	19103
	17.23%
	6100
	19.33%
	14916
	21.47%
	0.23

	
	0.44
	6586
	14199
	15.99%
	3409
	22.58%
	9428
	21.47%
	0.49

	
	0.64
	8996
	9552
	14.50%
	1894
	16.72%
	5432
	19.64%
	0.81

	ITU UMi, (2x2), X-Pol 
	0.21
	3194
	19840
	16.62%
	5173
	24.25%
	14393
	26.10%
	0.24

	
	0.36
	5379
	15824
	19.77%
	3381
	30.13%
	10198
	30.46%
	0.45

	
	0.54
	7688
	11235
	19.75%
	2190
	29.79%
	6504
	31.73%
	0.76


In this simulation, we have the following observation:

· 9 cells MU-CB achieves 8~28% more edge UE’s throughput compared with MU-MIMO at the same load factor.

· 9 cells SU/MU-CB achieves 14~30% more edge UE’s throughput compared with SU/MU-MIMO at the same load factor.

· 9 cells MU-JT achieves 7~80% more edge UE’s throughput compared with MU-MIMO at the same load factor.
We additionally showed results for HM UE throughput, which is computed by taking the average of inverse of each UE’s throughput (the top 5% and the low 5% removed to avoid erroneous averaging due to weird samples). In user applications, user experience is typically related to the total amount of time to receive a packet in which an application requests from the network. The total amount of time to receive a packet is linearly related with the inverse of the throughput of an UE. Which means the Harmonic Mean for UE throughput can be regarded as some form of value related to user experience, more so than plain mean of UE throughput which only gives some average information of the network not user experience. Additionally the harmonic mean is typically higher if the fairness between users are leveled out, so that different users have similar user experience.
3. Conclusion

In this contribution, we have presented performance results of CS/CB and JT under non-full buffer traffic model. We can see consistent performance benefits in 5% edge by use of CoMP in non-full buffer traffic model for all the simulated cases. In most cases, average UE throughput of CoMP is also greater than that of non-CoMP. Also the CoMP schemes consistent benefit in 20% ~ 40% ranges for the HM UE tput, which can be considered a good benchmark for user experience.
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Appendix A. Traffic model
Among two FTP traffic models in TR 36.814, FTP traffic model 1 is evaluated in this simulation, which is summarized in Table 7.

Table 7.  FTP traffic model 1

	Parameter
	Statistical Characterization

	File size, S
	2 Mbytes  (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ


Channel feedback, scheduling algorithm, and simulation parameter and assumptions can be found in the companion contributions [3].
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