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1	Introduction
The third objective of the NAICS SID targets the investigation of advanced receivers in terms of system performance benefits [1] requiring the link to system modelling aspect to be considered. In this contribution we present further insight with respect to the widely linear MMSE IRC (WLMMSE-IRC) receiver by definig the system modelling methodology. This methodology is also proposed to be captured in the NAICS TR and companion document [5] contains the actual TP itself.
2	System Simulation Methodology for WLMMSE-IRC Receiver
This section defines the signal model, receiver algorithm and finally the methodology for system level simulations.
2.1	Signal model and receiver algorithm
A general linear model as in [2] may be defined, where the received signal is given by:

The linear model can be rewritten in augmented form as:


=


where all variables are real valued. Note that the interference vector n can be colored and operators I(·) and Q(·) take the real and imaginary parts of their arguments. As for any LMMSE receiver, the symbol estimate of the WLMMSE-IRC receiver equals:
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where the matrices , and are estimates of covariance of the received signal, the channel and the covariance of transmitted symbols, respectively. The matrix  is related to the selected modulation in the serving cell and is known by the UE through signalling. In other words,
 if QAM modulation is transmitted
and
 if PAM modulation is transmitted.

2.2 	System Level Modelling Methodology
There are two main issues in the system modelling methodology that needs to be solved. First, assuming system simulations are performed by using SINR to packet error rate mapping, the calculation of the SINR at the output of the receiver needs to be defined. Secondly, if practical non-idealities are to be taken into account, estimation errors need to be modeled.
2.2.1			Calculation of post-equalization SINR

Considering first the post-equalization SINR calculation, let us define:
a) The usefull signal contribution at the output of the receiver filter:

b) The interference contribution at the output of the receiver filter:

where


The matrix  equals the covariance of the transmitted signal where the i:th diagonal element is zeroed out like in MIMO systems. Finally, the SINR of the received and filtered output symbol in the case of real valued modulation where e.g. a PAM modulated symbol is mapped to the I branch equals
	
	[bookmark: _Ref366235217](2)


where the division is computed element wise. If complex valued modulation e.g. QAM have been transmitted one can combine the real and imaginary part and obtain the SINR of the complex symbol (assuming element wise division) as
	
	[bookmark: _Ref366235219](3)


Because e.g. for scalar  ,  and

=.

2.2.2			Modeling of estimation errors

As mentioned in the previous section, information on matrices , and  is required by the receiver. The matrix depends on the applied modulation format at the serving cell, which is signaled over PDCCH. Hence, no additional error model is needed in relation to . The channel estimate can be estimated in complex domain as in the conventional system e.g. from DM-RS. Hence, generation of channel estimation error is not discussed in this paper. However, the covariance of the received signal  needs to be calculated in augmented real valued format. In this paper we assume DM-RS based covariance estimation. 
Earlier studies, as in [4] and [3], have used estimation error model based on Wishart random matrices and the extension to augmented matrices is now discussed further.
Assuming one can focus on estimating the covariance of interference from the residual signal obtained by subtracting the serving cell DM-RS pilot replica p from the received signal. In other words, the residual signal at the DM-RS RE positions is calculated following a sample covariance matrix calculation i.e.


As also discussed in [4] and [3] the matrix  may be modelled as a Wishart distributed random matrix i.e.  which is based on the ideal information on the interference covariance matrix  which should easily be available in system level simulators.
The Wishart distributed random matrix can be generated from ideal information i.e. where [3]
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Note that the matrix is real valued in this case.

2.2.3			Summary of system modelling

In this section we summarize the steps in the system modelling methodology to calculate modulation specific post-equalization SINR at the output of the WLMMSE-IRC receiver including practical non-idealities:
· Generate serving cell channel matrix  and interference covariance matrix samples
· Add channel estimation error and calculate .
· Generate estimated interference covariance matrix by using the Wishart random matrices as in (4).
· Calculate WLMMSE-IRC receiver filter as in (1).
· Calculate receiver ouput SINR as in (2) or (3) depeding on the scheduled modulation.
3	Conclusions
In this contribution we provided a detailed description of the WLMMSE-IRC receiver algorithm and required methodology to model the receiver in system level simulations. We also provided a model to cover non-idealities in the receiver at system level. In a RAN4 companion contribution, we propose to capture this methodology to the TR [5].
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