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Introduction
For system evaluation for NAIC, it is important to model the performance of the advanced receiver. In [1], we presented 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 [2]. In this contribution, we present the TP to include the modelling methodology for NAIC system evaluations. 
Conclusion
In the appendix, we describe the TP for 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. 
We make the following proposal:

Proposal:

· Adopt the proposed TP for the system level modeling methodology for NAIC system evaluations. 
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9
System-level Performance Evaluation 

[Editor's note: This section will capture the system level performance evaluated under objective #3]

9.1
System-level Modelling Methodologies 

[Editor's note: This section will capture the system-level modeling for different types of receivers.]

9.1.1 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:
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 is the traffic to pilot ratio of the signal transmitted from [image: image5.png]R
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is the channel matrix of the [image: image9.png]R
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is the symbol transmitted by the [image: image15.png]R
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is the spatial precoding matrix used by the[image: image21.png]R



 cell and [image: image23.png]


 is the total number of observed tones. The number of cells in this case is[image: image25.png]


 with one serving cell and [image: image27.png]


 interferers.

Without loss of generality, assume that cell [image: image29.png]


 is the serving cell and the UE attempts to cancel the data transmission of cell [image: image31.png]


 We first focus on the single interferer case and define the quantity [image: image33.png]2z, = Y0 BH  Pix; +m;



. Then the above equation can be rewritten as 
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As a first step in data cancelation, a SLIC receiver obtains estimates of the channel [image: image36.png]


, [image: image38.png]
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and the interferer’s symbol [image: image42.png]


. The traffic to pilot ratio [image: image44.png]


and the precoder/spatial scheme [image: image46.png]


 can be estimated or informed to UE. Let[image: image48.png]


 denotes the residual error after cancelation.
Alternative 1(QC): When [image: image50.png]


and [image: image52.png]


 are estimated by UE, [image: image54.png]ey



 can be written as
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The received symbol post cancelation can be written as 
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In a system simulation, our model approximates the residual error by a scaled value of the signal being cancelled as follows:
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After the SLIC modelling, the equivalent received signal as in (4) is further processed by the standard MMSE receiver to produce the decoding statistics.  The computation of  [image: image61.png]


 using link level simulations is presented in the appendix. 
Alternative 2 (HW): Alternatively, when [image: image63.png]
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 is known to UE, [image: image67.png]ey



 can be written as
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Let [image: image70.png]


 be the variance of residual error, 
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Where N is the number of trials. The value of  [image: image73.png]


 can be achieved by link level simulation. The link simulation process is illustrated in Figure 1.

[image: image74.emf]RandomBit Modulate AWGN Demodulation variance 

 
Figure 1. Link simulation structure for variance calculation
· E///: So far, the approach above from Qualcomm captures channel estimation error in the cancellation factor alpha from link level analysis. Alternative way as in Ericsson’s proposal is to perform realisitc channel esimtation in system level simulation. As a result, there is no need to model the mapping due to channel estimation error. E/// will add a picture to describe high level diagram. 
· 
In the next section we describe how a lookup table for  [image: image76.png]


 is computed using link level simulations. 

Appendix 
Computation of parameters using link level simulations
Let [image: image78.png]


 be a scalar quantity that denotes the quality of cancelation. It is defined as 
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where the summation is over all tones k in an RB. We call [image: image81.png]


 the interference suppression factor. As an example, a value of [image: image83.png]—10



 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  [image: image85.png]


 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. [image: image87.png]


 should be a small quantity, and when the detectors are incorrect, the interference cancelation will be inaccurate, i.e. [image: image89.png]


 should be a large quantity and may also exceed 1. 

For simplicity, we consider [image: image91.png]


 to have a bi-modal distribution. We will say that [image: image93.png]


 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 signal to noise ratio[image: image95.png]SNRineers



[image: image97.png](may depend on the instantaneous channel realizations of one or more cells)




· Interferer modulation order 
· Interferer rank 
· Interferer transmission mode/ spatial scheme
· Serving signal to noise ratio[image: image99.png]SNR,,.,, (may depend on the instantaneous channel realizations of one or more cells)



 
For each choice of the above five parameters, we compute 

· the quantity [image: image101.png]


 , defined as the mean value of [image: image103.png]


 (in the linear domain) given that [image: image105.png]


 is in Mode 0,  by averaging the [image: image107.png]


  values across multiple RBs and subframes (note that we log one value of [image: image109.png]


 per RB), and
· the probability [image: image111.png]


 that [image: image113.png]


 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[image: image115.png]


. 
The quantity [image: image117.png]


, defined as the mean value of [image: image119.png]


 (in the linear domain) given that [image: image121.png]


 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 ([image: image123.png]SNRinters



  and [image: image125.png]SNR..rps



 are quantized in 3dB increments) for the pair of quantities[image: image127.png](ap.2,)



. 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).
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