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Introduction
[bookmark: _GoBack]For system evaluation for NAIC, it is important to model the performance of the advanced receiver. This contribution describes a link to system model for evaluation of the system level throughput gains of network assisted data interference cancelation for a symbol level interference cancellation (SLIC) receiver [1]. Although the example is shown with SLIC receiver in mind, the general methodology can be also applied to other receiver types.  
Section 2 gives a detailed description of the model.  Section 3 presents the link-level validation of the accuracy of the proposed model. Section 4 concludes the contribution. Finally, in the appendix, we provide the detailed LUT for the parameters for system level simulations. 
Link to System Model Overview 
Let the number of simultaneously transmitting cells be N, including the serving cell. The received signal is given by the superposition of all the N transmitted signals:
	
	
	(1) [bookmark: _Ref363565278]


where,  is the traffic to pilot ratio of the signal transmitted from  cell, is the channel matrix of the  cell on the  tone / resource element (RE), is the symbol transmitted by the  cell on the  tone and is the spatial precoding matrix used by the cell and  is the total number of observed tones. The number of cells in this case is with one serving cell and  interferers.
Without loss of generality, assume that cell  is the serving cell and the UE attempts to cancel the data transmission of cell  We first focus on the single interferer case and define the quantity . Then the above equation can be rewritten as 
	
	
	(2) 


As a first step in data cancelation, a SLIC receiver obtains estimates of the channel , the traffic to pilot ratio the precoder/spatial scheme  , and the interferer’s symbol . Let denote the residual error after cancelation,
	
	
	(3) 


The received symbol post cancelation can be written as 
	
	
	(4) 


In a system simulation, our model approximates the residual error by a scaled value of the signal being cancelled as follows:
	
	
	(5) 


After the SLIC modelling, the equivalent received signal as in (4) is further processed by the standard MMSE receiver to produce the decoding statistics. 
In the next section we describe how a lookup table for   is computed using link level simulations. 
Computation of lookup tables for parameters using link level simulations
Let  be a scalar quantity that denotes the quality of cancelation. It is defined as 
	
	
	(6) 


where the summation is over all tones k in an RB. We call  the interference suppression factor. As an example, a value of  dB for a given RB denotes that the interference from cell 2 is suppressed by 10dB on average on that RB.
In general, the interference suppression factor is a random variable. The distribution of   will have a different mean and variance when all detectors are correct than when one or more detectors are in error. Thus alpha will have a multimodal distribution. When the blind detectors are correct, we expect interference cancelation to be accurate, i.e.  should be a small quantity, and when the detectors are incorrect, the interference cancelation will be inaccurate, i.e.  should be a large quantity and may also exceed 1. 
For simplicity, we consider  to have a bi-modal distribution. We will say that  is in Mode 0 when the spatial scheme and precoding matrix has been detected accurately and in mode 1 otherwise. In general, a more elaborate multi-mode modelling can be used. Our simulation results show that a bi-modal model is sufficient.
In a single interferer link level simulation, we log the value of the interference suppression factor, computed per RB, and across multiple fading channel realizations as a function of the following five parameters.
· Interferer long term signal to noise ratio 
· Interferer modulation order 
· Interferer rank 
· Interferer transmission mode/ spatial scheme
· Serving long term signal to noise ratio 
For each choice of the above five parameters, we compute 
· the quantity  , defined as the mean value of  (in the linear domain) given that  is in Mode 0,  by averaging the   values across multiple RBs and subframes (note that we log one value of  per RB), and
· the probability  that  is in Mode 0, by counting across multiple RBs and subframes. As a special case, if network assistance reveals to the UE the spatial scheme and the precoding matrix used by the interferer on RBs on which cancelation is attempted, then. 
The quantity , defined as the mean value of  (in the linear domain) given that  is in Mode 1, is fixed to be 1. In other words, when the detection of the spatial scheme and precoding matrix fails, our model assumes that no cancelation is performed. Using single interferer link level simulations we build a five dimensional lookup table (   and  are quantized in 3dB increments) for the pair of quantities. Although the description in this paper was for the single interferer case, this method could be extended to multiple interferer scenarios by using a higher dimensional lookup table to incorporate parameters of the additional interferer(s).
[bookmark: OLE_LINK8]Model validation
In this section, we present link level results to illustrate the accuracy of the proposed model. We consider a closed loop, 50RB simulation with wideband CQI, PMI feedback. We perform symbol level cancelation (SLIC) on a single rank 1, QPSK TM4 interferer at . The serving cell transmission mode is TM4, and rank adaptation is enabled. The channel model is ETU5 for both the serving and interfering cells. The following figure shows the closed loop throughput obtained with (a) SLIC (b) SLIC approximation using the model described above, and (c) with no interference cancelation. 
[image: ]
Figure 1: Model validation using a 16dB TM4 rank 1 QPSK interferer
Conclusion
[bookmark: OLE_LINK13]In this contribution we described a link to system model for data interference cancelation. In this model, link level simulations were used to compute lookup tables for a quantity we call the interference suppression factor. We validated the accuracy of this model using link level simulations. In addition, we provided the LUT in the appendix for further system level simulations. 
Based on the discussions, we make the following proposal:
Proposal:
· Adopt the described link to system mapping methodology for NAIC system evaluations. 
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Appendix
The detailed parameters for link to system mapping are provided in the Table 1 and Table 2 for ETU-5 and EPA-5 respectively. Some additional notes for the LUT below:
1. For a UE, compute C/N and I/N, where C is the serving cell RSRP, I is the RSRP of the dominant interferer sending data, and N is the sum of all RSRP of all interferers sending data  
2. Compute the probability that the detector fails (using the above three dimensional tables in C/N, I/N, and interferer MCS) and using bilinear interpolation. Our simulations show the detector (for spatial scheme) pass fail probability is not sensitive to MCS of the interferer, so we provide failure probabilities only for QPSK. 
3. Determine probabilistically if the detector (for spatial scheme) has succeeded on the given RB. If it fails, assume no cancelation. 
4. If the detector succeeds, assume cancelation with \alpha (suppression value) value given by the tables above (use bilinear interpolation if necessary)
5. The parameter alpha, models inaccuracies in TPR and modulation order estimation, so the detector failure probability is referring only to the blind detection of the spatial scheme. 

Table 1. Parameters for ETU-5
	C/N 
	alpha[dB]
	C/N 
	alpha[dB]
	C/N 
	alpha[dB]
	Pfail

	QPSK, I/N =0dB
	16QAM, I/N =0dB
	64QAM, I/N =0dB
	 

	0
	-1.829
	0
	-1.539
	0
	-1.49
	0.5502

	4
	-1.342
	4
	-1.136
	4
	-1.066
	0.6418

	8
	-1.026
	8
	-0.886
	8
	-0.792
	0.736

	12
	-0.777
	12
	-0.666
	12
	-0.643
	0.849

	14
	-0.777
	14
	-0.601
	14
	-0.68
	0.8908

	16
	-0.677
	16
	-0.601
	16
	-0.574
	0.9278

	18
	-0.677
	18
	-0.601
	18
	-0.591
	0.9556

	20
	-0.677
	20
	-0.4
	20
	-0.46
	0.9736

	24
	-0.677
	24
	-0.4
	24
	-0.46
	0.9962

	 
	 
	 
	 
	 
	 
	 

	QPSK, I/N =3dB
	16QAM, I/N =3dB
	64QAM, I/N =3dB
	 

	0
	-3.818
	0
	-3.17
	0
	-3.104
	0.3544

	4
	-3.07
	4
	-2.586
	4
	-2.527
	0.4502

	8
	-2.41
	8
	-2.048
	8
	-2.005
	0.5802

	12
	-1.84
	12
	-1.554
	12
	-1.527
	0.7124

	14
	-1.659
	14
	-1.352
	14
	-1.376
	0.7938

	16
	-1.489
	16
	-1.24
	16
	-1.237
	0.8498

	18
	-1.182
	18
	-1.011
	18
	-1.028
	0.9116

	20
	-1.05
	20
	-0.972
	20
	-0.899
	0.9414

	24
	-0.887
	24
	-0.972
	24
	-0.899
	0.9838

	 
	 
	 
	 
	 
	 
	 

	QPSK I/N =6dB
	16QAM I/N =6dB
	64QAM I/N =6dB 
	 

	0
	-6.723
	0
	-5.443
	0
	-5.282
	0.2008

	4
	-5.614
	4
	-4.591
	4
	-4.486
	0.2734

	8
	-4.525
	8
	-3.774
	8
	-3.652
	0.385

	12
	-3.497
	12
	-2.927
	12
	-2.863
	0.5364

	14
	-3.06
	14
	-2.604
	14
	-2.557
	0.6276

	16
	-2.661
	16
	-2.337
	16
	-2.279
	0.7266

	18
	-2.377
	18
	-2.041
	18
	-2.008
	0.8134

	20
	-2.241
	20
	-1.953
	20
	-1.921
	0.8644

	24
	-1.448
	24
	-1.435
	24
	-1.264
	0.962

	28
	-1.237
	28
	-1.287
	28
	-1.231
	0.9902

	 
	 
	 
	 
	 
	 
	 

	QPSK, I/N =9dB
	16QAM I/N =9dB
	64QAM I/N =9dB
	 

	0
	-10.292
	0
	-8.056
	0
	-7.717
	0.1038

	4
	-8.823
	4
	-6.996
	4
	-6.736
	0.1448

	8
	-7.28
	8
	-5.862
	8
	-5.7
	0.2158

	12
	-5.835
	12
	-4.712
	12
	-4.633
	0.342

	14
	-4.938
	14
	-4.111
	14
	-4.05
	0.4254

	16
	-4.23
	16
	-3.607
	16
	-3.505
	0.5222

	18
	-3.702
	18
	-3.152
	18
	-3.032
	0.6254

	20
	-3.445
	20
	-2.847
	20
	-2.801
	0.7334

	24
	-2.709
	24
	-2.361
	24
	-2.187
	0.9032

	28
	-1.827
	28
	-1.446
	28
	-1.411
	0.9762

	 
	 
	 
	 
	 
	 
	 

	QPSK 12dB
	16QAM 12dB
	64QAM 12dB
	 

	0
	-14.32
	0
	-11.085
	0
	-10.287
	0.0454

	4
	-12.648
	4
	-9.771
	4
	-9.206
	0.0662

	8
	-10.654
	8
	-8.346
	8
	-7.976
	0.107

	12
	-8.578
	12
	-6.888
	12
	-6.603
	0.1872

	14
	-7.585
	14
	-6.018
	14
	-5.895
	0.2484

	16
	-6.469
	16
	-5.288
	16
	-5.068
	0.326

	18
	-5.416
	18
	-4.476
	18
	-4.424
	0.4306

	20
	-4.703
	20
	-3.918
	20
	-3.811
	0.5372

	24
	-3.622
	24
	-3.131
	24
	-2.927
	0.7826

	28
	-2.839
	28
	-2.432
	28
	-2.388
	0.9304

	 
	 
	 
	 
	 
	 
	 

	QPSK 16dB
	16QAM 16dB
	64QAM 16dB 
	 

	0
	-19.537
	0
	-15.826
	0
	-14.011
	0.018

	4
	-18.197
	4
	-14.199
	4
	-12.743
	0.0224

	8
	-15.878
	8
	-12.358
	8
	-11.308
	0.0346

	12
	-13.105
	12
	-10.311
	12
	-9.674
	0.0712

	14
	-11.723
	14
	-9.283
	14
	-8.775
	0.0972

	16
	-10.345
	16
	-8.166
	16
	-7.847
	0.1434

	18
	-8.892
	18
	-7.053
	18
	-6.768
	0.2034

	20
	-7.436
	20
	-6.032
	20
	-5.83
	0.2804

	24
	-5.101
	24
	-4.325
	24
	-4.138
	0.5124

	28
	-3.83
	28
	-3.266
	28
	-3.207
	0.7714



 Table 2. Parameters for EPA-5
	C/N 
	alpha[dB]
	C/N 
	alpha[dB]
	C/N 
	alpha[dB]
	Pfail

	QPSK, I/N = 0dB
	16QAM, I/N=0dB
	64QAM, I/N=0dB
	 

	0
	-1.233
	0
	-1
	0
	-0.932
	0.5666

	4
	-0.869
	4
	-0.74
	4
	-0.663
	0.6384

	8
	-0.853
	8
	-0.753
	8
	-0.635
	0.7278

	12
	-0.844
	12
	-0.768
	12
	-0.787
	0.8076

	14
	-1.014
	14
	-0.795
	14
	-0.781
	0.8332

	16
	-0.917
	16
	-0.78
	16
	-0.756
	0.8596

	18
	-0.917
	18
	-0.78
	18
	-0.756
	0.8896

	20
	-0.917
	20
	-0.78
	20
	-0.756
	0.9142

	24
	-0.917
	24
	-0.78
	24
	-0.756
	0.9626

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	QPSK, I/N=3dB
	16QAM, I/N=3dB
	64QAM, I/N=3dB
	 

	0
	-3.029
	0
	-2.562
	0
	-2.554
	0.3804

	4
	-2.575
	4
	-2.185
	4
	-2.141
	0.4738

	8
	-2.216
	8
	-1.948
	8
	-1.875
	0.5748

	12
	-2.02
	12
	-1.824
	12
	-1.674
	0.6764

	14
	-1.953
	14
	-1.695
	14
	-1.683
	0.7232

	16
	-1.924
	16
	-1.662
	16
	-1.642
	0.7536

	18
	-1.907
	18
	-1.607
	18
	-1.637
	0.7878

	20
	-1.938
	20
	-1.67
	20
	-1.655
	0.8278

	24
	-1.776
	24
	-1.701
	24
	-1.677
	0.8904

	28
	-1.776
	28
	-1.701
	28
	-1.677
	0.9626

	 
	 
	 
	 
	 
	 
	 

	QPSK 6dB
	16QAM 6dB
	64QAM 6dB 
	 

	0
	-5.618
	0
	-4.758
	0
	-4.608
	0.2172

	4
	-4.946
	4
	-4.164
	4
	-4.12
	0.3008

	8
	-4.307
	8
	-3.721
	8
	-3.533
	0.4062

	12
	-3.876
	12
	-3.267
	12
	-3.219
	0.5248

	14
	-3.736
	14
	-3.198
	14
	-3.001
	0.5804

	16
	-3.62
	16
	-3.091
	16
	-2.993
	0.6244

	18
	-3.395
	18
	-2.981
	18
	-2.826
	0.669

	20
	-3.222
	20
	-2.873
	20
	-2.763
	0.7196

	24
	-2.96
	24
	-2.629
	24
	-2.615
	0.7976

	28
	-2.96
	28
	-2.629
	28
	-2.615
	0.886

	 
	 
	 
	 
	 
	 
	 

	QPSK, 9dB
	16QAM 9dB
	64QAM 9dB
	 

	0
	-8.783
	0
	-7.16
	0
	-6.966
	0.1144

	4
	-7.867
	4
	-6.452
	4
	-6.269
	0.1628

	8
	-6.912
	8
	-5.736
	8
	-5.658
	0.2426

	12
	-6.146
	12
	-5.219
	12
	-5.105
	0.3444

	14
	-5.978
	14
	-5.004
	14
	-4.917
	0.4162

	16
	-5.713
	16
	-4.909
	16
	-4.819
	0.4842

	18
	-5.452
	18
	-4.633
	18
	-4.574
	0.5456

	20
	-5.279
	20
	-4.43
	20
	-4.344
	0.5958

	24
	-4.887
	24
	-4.178
	24
	-4.008
	0.6958

	28
	-4.429
	28
	-3.857
	28
	-3.803
	0.7916

	 
	 
	 
	 
	 
	 
	 

	QPSK 12dB
	16QAM 12dB
	64QAM 12dB
	 

	0
	-12.158
	0
	-9.836
	0
	-9.302
	0.0534

	4
	-11.013
	4
	-8.909
	4
	-8.502
	0.0822

	8
	-9.965
	8
	-8.181
	8
	-7.899
	0.1308

	12
	-8.849
	12
	-7.486
	12
	-7.212
	0.2142

	14
	-8.479
	14
	-7.18
	14
	-6.935
	0.2668

	16
	-8.082
	16
	-6.904
	16
	-6.764
	0.3334

	18
	-7.79
	18
	-6.686
	18
	-6.492
	0.3926

	20
	-7.485
	20
	-6.526
	20
	-6.214
	0.459

	24
	-6.915
	24
	-5.906
	24
	-5.747
	0.5822

	28
	-6.374
	28
	-5.444
	28
	-5.36
	0.694

	 
	 
	 
	 
	 
	 
	 

	QPSK 16dB
	16QAM 16dB
	64QAM 16dB 
	 

	0
	-16.776
	0
	-14.123
	0
	-12.866
	0.0212

	4
	-15.544
	4
	-12.837
	4
	-11.81
	0.0294

	8
	-13.991
	8
	-11.683
	8
	-10.928
	0.0504

	12
	-12.709
	12
	-10.749
	12
	-10.221
	0.0942

	14
	-11.939
	14
	-10.286
	14
	-9.841
	0.1234

	16
	-11.437
	16
	-9.851
	16
	-9.474
	0.165

	18
	-10.842
	18
	-9.596
	18
	-9.183
	0.2198

	20
	-10.619
	20
	-9.252
	20
	-8.884
	0.2778

	24
	-9.773
	24
	-8.633
	24
	-8.318
	0.4016

	28
	-9.019
	28
	-7.812
	28
	-7.619
	0.543
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