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1
Introduction
This paper provides the link level simulation results for Scenario 1 (TM6), based on the agreed simulation assumptions in R4-116304 [2], for the SI [1] of advanced UE receiver.  We are providing performance results of a synchronized system with the agreed conditional median DIP profiles in Section 2 as well as the weighted average throughput study (based on the 5%-ile DIP profiles agreed on the RAN4 reflector).
The considered conditional median DIP profiles have been directly taken from [2] as:

· DIP1 = -2.8 dB, DIP2 = -7.3 dB on 0 dB geometry.

· DIP1 = -3.1 dB, DIP2 = -5.4 dB on -3dB geometry.

The average DIP percentile values for the LL analysis based on the RAN4 reflector agreement are listed in Annex 1 for both G=-3dB and G=0dB.  Based on the DIP table, only DIP1 and DIP2 are used in the link simulation.  The other interference and noise are modeled as AWGN.  The DIP1, DIP2 and N/Ioc used for link simulator are listed in Annex 2.
2 
Results for conditional median DIP profiles

The TM6 results for the conditional median DIP profiles for two different MMSE receivers as well as the advanced MMSE-IRC receiver are given in Table 1:

Table 1  Link level throughput (Mbps) with fixed MCS for TM6 & conditional median DIP values

	
	
	“MMSE” 
	“MMSE-MRC”
	“MMSE-IRC”

	G = -3 dB
	MCS#7
	3.7593
	+0.0%
	4.2617
	13.36%
	4.844
	28.85%

	
	MCS#8
	3.7916
	+0.0%
	4.0769
	7.52%
	4.6482
	22.59%

	
	MCS#9
	3.7680
	+0.0%
	3.9776
	5.56%
	4.435
	17.70%

	G = 0 dB
	MCS#10
	5.7025
	+0.0%
	6.3940
	12.13%
	6.8577
	20.26%

	
	MCS#11
	5.8983
	+0.0%
	6.2549
	6.05%
	6.9567
	17.94%

	
	MCS#12
	5.7304
	+0.0%
	6.0776
	6.06%
	6.7872
	18.44%


Obviously, also the reference receiver assumptions as shown in Table 1 have a rather large influence on the results. We therefore shortly explain the different receiver options simulated for the conditional median DIP value evaluations.

All 3 receivers are using the same baseline MMSE receiver formulation according to:
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but having different assumptions only for the noise+interference spatial correlation matrix here.

· “MMSE” (aka “MMSE Option1”) uses 
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 based on a wideband estimate, i.e. varying noise+interference between different PRBs is not taken into account. It is therefore the simplest, but worst performing reference receiver to be thought of. 

· “MMSE-MRC” used 
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based on narrowband estimates, i.e. variations of noise+interference between different PRBs is taken into account in the receiver operation. It is therefore the most advanced and best performing MRC type of receiver. The only difference between the “MMSE-MRC” and “MMSE-IRC” receiver in our implementation here lies in fact that the the off-diagonal elements in 
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are 0.

· “MMSE-IRC” spatial correlation matrix estimated based on CRS symbols in a narrowband matter, i.e. frequency variation of the interference and its spatial structure is considered in the receiver operation. 

Independent of the considered reference receiver as shown here, advanced performance requirements for UE receiver can provide nice performance gains for cell-edge users considering Scenario 1 (TM6).
3
TM6 throughput performance results for weighted average throughput gain study 
The TM6 link level performance of QPSK (MCS-7, 8, 9) and 16QAM (MCS-10, 11, 12) are listed in Table 2 and Table 3 respectively. Please note, that we are considering only the baseline MMSE (“MMSE Option 1”) in here as reference:
Table 2  MMSE-IRC and MMSE (Option 1) Throughput (kbps) of QPSK at G=-3dB for TM6

	DIP Profile #
	MCS-7
	MCS-8
	MCS-9

	
	MMSE
	MMSE-IRC
	Gain (%)
	MMSE
	MMSE-IRC
	Gain (%)
	MMSE
	MMSE-IRC
	Gain (%)

	1
	3678
	4046
	10.01%
	3676
	3876
	5.44%
	3759
	3855
	2.55%

	2
	3826
	4386
	14.64%
	3738
	4183
	11.90%
	3756
	4062
	8.15%

	3
	3880
	4901
	26.31%
	3808
	4673
	22.72%
	3719
	4446
	19.55%

	4
	3818
	5073
	32.87%
	3762
	5059
	34.48%
	3718
	4739
	27.46%

	5
	3820
	5067
	32.64%
	3775
	4981
	31.95%
	3758
	4738
	26.08%

	6
	3705
	5250
	41.70%
	3709
	5198
	40.15%
	3741
	4866
	30.07%

	7
	3829
	5300
	38.42%
	3732
	5260
	40.94%
	3625
	4955
	36.69%

	8
	3750
	5170
	37.87%
	3743
	5211
	39.22%
	3724
	4946
	32.81%

	9
	3759
	5290
	40.73%
	3773
	5206
	37.98%
	3700
	4868
	31.57%

	10
	3744
	5223
	39.50%
	3692
	5190
	40.57%
	3721
	5027
	35.10%

	11
	3883
	5161
	32.91%
	3737
	4975
	33.13%
	3691
	4787
	29.69%

	12
	3820
	5031
	31.70%
	3767
	4798
	27.37%
	3751
	4506
	20.13%

	13
	3837
	4933
	28.56%
	3728
	4936
	32.40%
	3752
	4568
	21.75%

	14
	3704
	5213
	40.74%
	3763
	5160
	37.12%
	3764
	4672
	24.12%

	15
	3772
	5228
	38.60%
	3743
	5196
	38.82%
	3712
	4889
	31.71%

	16
	3743
	5398
	44.22%
	3714
	5221
	40.58%
	3713
	4951
	33.34%

	17
	3853
	5376
	39.53%
	3788
	5447
	43.80%
	3745
	5082
	35.70%

	18
	3819
	5519
	44.51%
	3756
	5614
	49.47%
	3718
	5281
	42.04%

	19
	3727
	5678
	52.35%
	3733
	5891
	57.81%
	3639
	5691
	56.39%

	20
	3806
	5879
	54.47%
	3715
	6068
	63.34%
	3683
	5923
	60.82%

	Average
	3789
	5156
	36.11%
	3743
	5107
	36.46%
	3719
	4843
	30.29%


Table 3    MMSE-IRC and MMSE (Option1) Throughput (kbps) of 16QAM at G=0dB for TM6

	DIP Profile #
	MCS-10
	MCS-11
	MCS-12

	
	MMSE
	MMSE-IRC
	Gain (%)
	MMSE
	MMSE-IRC
	Gain (%)
	MMSE
	MMSE-IRC
	Gain (%)

	1
	5510
	5607
	1.76%
	5464
	5715
	4.59%
	5343
	5470
	2.38%

	2
	5627
	6029
	7.14%
	5675
	6081
	7.15%
	5581
	5881
	5.38%

	3
	5672
	6295
	10.98%
	5779
	6328
	9.50%
	5612
	5980
	6.56%

	4
	5650
	6455
	14.25%
	5820
	6691
	14.97%
	5544
	6281
	13.29%

	5
	5699
	6485
	13.79%
	5791
	6654
	14.90%
	5623
	6321
	12.41%

	6
	5640
	6637
	17.68%
	5689
	6924
	21.71%
	5801
	6439
	11.00%

	7
	5733
	6806
	18.72%
	5798
	6930
	19.52%
	5632
	6783
	20.44%

	8
	5754
	6928
	20.40%
	5802
	7077
	21.98%
	5754
	6859
	19.20%

	9
	5708
	7182
	25.82%
	5970
	7351
	23.13%
	5742
	7257
	26.38%

	10
	5763
	7228
	25.42%
	5995
	7733
	28.99%
	5866
	7666
	30.69%

	11
	5749
	7117
	23.80%
	5948
	7487
	25.87%
	5768
	7398
	28.26%

	12
	5546
	6980
	25.86%
	5978
	7180
	20.11%
	5553
	7011
	26.26%

	13
	5841
	7019
	20.17%
	5838
	7232
	23.88%
	5665
	7249
	27.96%

	14
	5829
	7020
	20.43%
	5806
	7503
	29.23%
	5754
	7521
	30.71%

	15
	5700
	7315
	28.33%
	6009
	7762
	29.17%
	5696
	7641
	34.15%

	16
	5696
	7381
	29.58%
	5851
	7955
	35.96%
	5825
	8137
	39.69%

	17
	5770
	7565
	31.11%
	6010
	8146
	35.54%
	5945
	8420
	41.63%

	18
	5812
	7712
	32.69%
	5918
	8371
	41.45%
	5915
	8881
	50.14%

	19
	5645
	7806
	38.28%
	5807
	8575
	47.67%
	5788
	9381
	62.08%

	20
	5506
	7490
	36.03%
	5735
	8334
	45.32%
	5590
	9052
	61.93%

	Average
	5693
	6953
	22.11%
	5834
	7301
	25.03%
	5700
	7281
	27.53%


Considering the results above, an average gains [36.1%, 36.5%, 30.3%]
 for MCS 7-9 can be achieved at G=-3dB for the MMSE-IRC receiver compared to the baseline MMSE receiver (“MMSE Option 1”), whereas the average gains for MCS10-12 for G=0dB are given by [22.1%, 25%, 27.5%]
. 
4
Conclusions
In this contribution, we present the link level results for the agreed Scenario 1 (TM6). The results for Scenario 2 (TM9) can be found in our companion contribution [3].

Our link level performance evaluation shows, that depending on the chosen MCS and the operation points, cell edge gains ranging from 20% to 35% 
can be achieved by using an advanced UE receiver in Scenario1 (TM6).
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Annex 1

Averaged DIP Values
The average DIP profiles of G=-3dB and G=0dB are listed here.
A2.1
G=-3dB

	#
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8
	DIP9

	
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]

	1
	-5.2285
	-6.6182
	-9.5564
	-12.0561
	-13.5444
	-14.9076
	-16.1124
	-17.2245
	-18.0498

	2
	-4.0092
	-5.8471
	-10.7553
	-12.9172
	-14.9012
	-16.8757
	-18.0942
	-19.0422
	-20.0232

	3
	-3.5414
	-4.4647
	-13.2615
	-15.9211
	-17.4415
	-20.6641
	-21.9310
	-23.2256
	-23.3233

	4
	-3.3712
	-4.0386
	-14.1881
	-16.8942
	-18.3063
	-22.4200
	-23.8520
	-25.0706
	-24.8780

	5
	-3.2222
	-3.9973
	-15.2041
	-17.7331
	-19.4534
	-24.1810
	-25.3379
	-26.7208
	-26.7289

	6
	-3.1078
	-3.5986
	-18.8374
	-21.6149
	-23.4891
	-30.3468
	-31.6637
	-32.6386
	-33.2279

	7
	-3.0660
	-3.3460
	-20.6528
	-23.7117
	-25.4209
	-32.6381
	-33.5548
	-34.6981
	-36.7913

	8
	-3.0426
	-3.3358
	-21.8975
	-25.9997
	-27.6287
	-34.3431
	-35.5411
	-36.5680
	-37.7810

	9
	-3.0127
	-3.5442
	-20.4491
	-24.7029
	-26.1773
	-30.6464
	-31.8486
	-33.1919
	-33.4181

	10
	-2.9655
	-3.4608
	-20.7371
	-23.6312
	-25.7816
	-27.4733
	-28.2479
	-29.3706
	-28.9740

	11
	-2.8678
	-4.1277
	-17.5126
	-20.1599
	-21.6615
	-22.4232
	-23.5480
	-24.5886
	-25.7378

	12
	-2.6047
	-5.6851
	-13.9475
	-16.0074
	-17.6255
	-17.9079
	-19.1133
	-20.1178
	-21.2491

	13
	-2.3330
	-5.9009
	-14.2919
	-16.3024
	-18.2590
	-18.2057
	-19.4189
	-20.3595
	-21.8157

	14
	-2.0844
	-6.4156
	-14.7056
	-16.4982
	-18.4206
	-18.3878
	-19.5630
	-20.5906
	-22.0139

	15
	-1.8617
	-6.6742
	-15.0511
	-16.8358
	-18.8130
	-18.6399
	-20.0420
	-21.2698
	-22.8031

	16
	-1.6581
	-7.0132
	-15.6023
	-17.2217
	-19.0901
	-18.7732
	-20.7126
	-22.1964
	-23.8335

	17
	-1.4470
	-7.8461
	-15.3880
	-17.1916
	-18.8891
	-19.3352
	-21.7793
	-23.4463
	-25.2927

	18
	-1.2095
	-8.7584
	-15.3769
	-17.5211
	-19.0383
	-20.6533
	-23.6806
	-25.4556
	-27.1489

	19
	-0.8701
	-10.1265
	-16.2263
	-19.7819
	-21.6125
	-26.0967
	-27.9890
	-29.2449
	-30.9404

	20
	-0.6180
	-12.4646
	-18.5602
	-20.6644
	-22.3917
	-33.0207
	-34.3076
	-35.4357
	-36.8072


A2.2
G=0dB

	#
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8
	DIP9

	
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]

	1
	-5.8756
	-7.0712
	-9.2161
	-11.6383
	-13.2606
	-14.4786
	-15.4275
	-16.4086
	-17.2367

	2
	-4.8707
	-6.2968
	-9.8932
	-12.4335
	-13.9319
	-15.1298
	-16.1461
	-17.1757
	-17.9721

	3
	-4.4235
	-6.0674
	-10.4683
	-12.6669
	-14.3042
	-15.5219
	-16.5624
	-17.5677
	-18.3642

	4
	-4.0946
	-5.7811
	-10.9230
	-13.0898
	-14.7880
	-15.9233
	-16.9939
	-18.0285
	-19.0689

	5
	-3.8324
	-5.8516
	-11.4141
	-13.2123
	-15.0501
	-16.0650
	-17.1284
	-18.1029
	-19.1504

	6
	-3.6164
	-5.7613
	-11.5225
	-13.6073
	-15.4317
	-16.5767
	-17.7026
	-18.6865
	-19.8633

	7
	-3.4257
	-5.6410
	-11.9433
	-14.1211
	-15.8476
	-16.7291
	-17.9870
	-19.0622
	-20.1216

	8
	-3.2545
	-5.1860
	-12.7269
	-14.7114
	-16.6441
	-17.2220
	-18.4128
	-19.4727
	-20.6932

	9
	-3.1187
	-4.9768
	-13.6190
	-15.6438
	-17.4545
	-18.5337
	-19.8016
	-20.9741
	-22.1226

	10
	-3.0035
	-4.3905
	-15.9347
	-17.8697
	-19.9738
	-24.1105
	-25.2075
	-26.1956
	-28.3577

	11
	-2.8813
	-5.0915
	-14.5968
	-16.4632
	-18.4665
	-20.8711
	-21.9710
	-22.8627
	-25.5805

	12
	-2.6167
	-7.2098
	-12.4779
	-14.1822
	-16.2392
	-17.3941
	-18.7131
	-19.7297
	-21.2875

	13
	-2.3314
	-7.5707
	-12.7063
	-14.4677
	-16.4213
	-17.5312
	-19.0203
	-20.2314
	-21.7555

	14
	-2.0561
	-8.2463
	-12.8626
	-14.7272
	-16.5210
	-17.6566
	-19.2153
	-20.5094
	-22.0448

	15
	-1.7830
	-8.9602
	-12.9834
	-14.8263
	-16.8133
	-17.6834
	-19.6412
	-21.1566
	-22.5336

	16
	-1.5155
	-9.7449
	-13.2458
	-15.2033
	-16.9709
	-18.0138
	-20.4783
	-22.1490
	-23.7060

	17
	-1.2429
	-10.7098
	-13.6667
	-15.6233
	-17.1317
	-18.7696
	-21.6967
	-23.5683
	-24.9530

	18
	-0.8743
	-11.5208
	-14.4146
	-17.5961
	-19.3167
	-22.3218
	-24.5771
	-26.0987
	-27.2738

	19
	-0.4148
	-13.3836
	-17.5367
	-22.5611
	-24.7592
	-27.7245
	-29.1161
	-30.2893
	-31.5747

	20
	-0.1714
	-15.6040
	-24.1766
	-29.2237
	-31.8375
	-34.0250
	-35.2416
	-36.4086
	-37.9132


Annex 2

DIP used for link level study

The DIP and noise profiles used in link simulation are listed here.

	 
	G=-3dB
	G=0dB

	#
	DIP1
	DIP2
	N/Ioc
	DIP1
	DIP2
	N/Ioc

	
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]
	[dB]

	1
	-5.23
	-6.62
	-3.17
	-5.88
	-7.07
	-2.63

	2
	-4.01
	-5.85
	-4.65
	-4.87
	-6.30
	-3.57

	3
	-3.54
	-4.46
	-6.99
	-4.42
	-6.07
	-4.07

	4
	-3.37
	-4.04
	-8.38
	-4.09
	-5.78
	-4.61

	5
	-3.22
	-4.00
	-9.02
	-3.83
	-5.85
	-4.86

	6
	-3.11
	-3.60
	-11.28
	-3.62
	-5.76
	-5.23

	7
	-3.07
	-3.35
	-13.61
	-3.43
	-5.64
	-5.64

	8
	-3.04
	-3.34
	-14.00
	-3.25
	-5.19
	-6.49

	9
	-3.01
	-3.54
	-12.36
	-3.12
	-4.98
	-7.11

	10
	-2.97
	-3.46
	-13.56
	-3.00
	-4.39
	-8.69

	11
	-2.87
	-4.13
	-10.14
	-2.88
	-5.09
	-7.56

	12
	-2.60
	-5.69
	-7.42
	-2.62
	-7.21
	-5.81

	13
	-2.33
	-5.90
	-8.00
	-2.33
	-7.57
	-6.19

	14
	-2.08
	-6.42
	-8.16
	-2.06
	-8.25
	-6.43

	15
	-1.86
	-6.67
	-8.74
	-1.78
	-8.96
	-6.78

	16
	-1.66
	-7.01
	-9.27
	-1.52
	-9.74
	-7.25

	17
	-1.45
	-7.85
	-9.24
	-1.24
	-10.71
	-7.85

	18
	-1.21
	-8.76
	-9.59
	-0.87
	-11.52
	-9.51

	19
	-0.87
	-10.13
	-10.74
	-0.41
	-13.38
	-13.45

	20
	-0.62
	-12.46
	-11.19
	-0.17
	-15.60
	-19.51


�Median DIP values included


�Results on median DIP values additionally included.


�Results updated in this table (small simulation inconsistence found)


�Results updated in this table (small simulation inconsistence found)


�Results updated accordingly


�Results updated accordingly





�Results updated accordingly
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