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1
Introduction

Currently RAN1 NAICS study focuses on the third objective of the SID whose primarily scope is to evaluate the system-level gains from candidate NAICS receivers. In RAN1#74bis it was agreed that the E-LMMSE-IRC, SLIC, and symbol level R-ML receivers are to be prioritized in the system simulations in RAN1. In this contribution we discuss L2S modelling methodology for the E-LMMSE-IRC receiver.

2
System model
We assume the received signal may be expressed as follows
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(1)
where H0 is the equivalent channel of the desired transmission, x0 is the desired symbol, Hi is the channel of i-th interfering transmission, xi is the i-th interfering symbol, and n is the received AWGN noise. For notational convenience we lump the effect of precoding, slow fading propagation losses and transmit power in the equivalent channels Hi, so that xi have unit variance.

For the linear receiver considered in this contribution, the receiver weights W are obtained in general as the MMSE solution to estimation of x0, i.e.
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where 
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 is conjugate transpose of the estimate of the equivalent channel of the desired transmission, and 
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 is the total received signal covariance matrix estimate. The different linear receivers (LMMSE-IRC, E-LMMSE-IRC, LMMSE, etc) then utilize different estimates 
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The SINR after the linear receiver W may be computed as
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where 
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 is the covariance of interference and noise, i.e.
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and 
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. In case of multi stream transmission, the SINRs may be computed per each stream separately, where the R0 contains only the desired stream covariance and other streams covariances are included in Rv.

Note that we have dropped the time and frequency indexes from the notation for the sake of brevity.
3
Assumed generic L2S methodology
We assume the L2S and receiver modeling is performed as illustrated in Figure 1. The L2S has as inputs the channel coefficients of the serving and interfering cells and the noise power. After this, a stage that models the channel estimation of the serving and interfering cells, and also estimation of the covariance of the interference follows. This whole information is then taken as an input to the MIMO receiver model itself, which essentially transforms the inputs into an SINR value per symbol. The SINR values are then compressed to a single effective SINR value for the coded data block. The effective SINR is then mapped to a block error rate using AWGN performance of the turbo codec of LTE.

In the following, we propose methods for modeling the channel and covariance estimation errors for the E-LMMSE-IRC receiver in system simulations. This functional block is essential for the modeling of NAICS candidate receivers, and we share the view expressed in e.g. [1],[2] that they should be modeled in the system simulations. The other blocks in the L2S are assumed to be performed in the same manner as for the current receivers, though we also give the assumed MIMO RX model for convenience.
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4
Channel estimation and covariance matrix estimation modelling for E-LMMSE-IRC
For the E-LMMSE-IRC it is assumed that the receiver has obtained knowledge of the reference signal configuration of the interfering transmission. The impact of possible blind estimation is not considered here, and is left for further study. The UE is assumed to be estimating the equivalent channels of the desired and interfering transmissions, and also the covariance of the residual interference and noise. The equivalent channels may be estimated jointly at the UE, which is assumed to give significant improvement to the receiver performance in case the reference signals of the desired and interfering transmissions are overlapping. For instance, reference signal interference cancellation may be utilized at the receiver. The following proposed modelling methodology is similar to what is proposed in [1], but the channel estimation error model given here is more detailed.
E-LMMSE-IRC model

Assuming that a single dominant interferer is taken into account explicitly at the receiver, we rewrite the signal model as follows:
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(5)
The E-LMMSE-IRC receiver is then expressed as
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(6)
Where 
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 is the estimate of other cell and noise covariance, that is 
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The system level modelling of E-LMMSE-IRC consists essentially of modelling the estimation of H0, H1, and Rz. We assume that the estimation errors of the channels may be modelled assuming Gaussian signals, so that the estimation error of equivalent channels is Gaussian, and 
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 is (complex) Wishart distributed. Assuming further that the channel estimation comprises averaging over a set of reference symbols (in practice weighted averages are used) we may express the equivalent channel estimate as:
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where CN denotes the complex normal distribution, Re,i is the channel estimation error covariance, and 
[image: image20.wmf]i

H

/

 is H1 when forming 
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. In case there is no interference cancelation or joint estimation of the channels H0 and H1, we model the function f as:
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((9)
where Neff is the effective number of samples in channel estimation averaging. In case of ideal joint estimation of H0 and H1, we model the function as:


[image: image24.wmf](

)

z

eff

i

z

R

N

H

R

f

1

,

/

=
























(10)
that is, the channel estimation error has the same covariance for both H0 and H1, and depends only on the other cell interference z. In practice Neff is implementation dependent, and relates to how the channel estimation filter is tuned to channel autocorrelation in frequency and time domain. However, there are also limits to the number of available RS depending on e.g. precoding granularity and number of RS RE’s per PRB.
The other cell interference and noise covariance Rz may be modelled using the Wishart distribution, so that
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The values of Neff may be different for the Hi and Rz estimation, and the exact values need to be trained in link simulations. Moreover, the form of function f for non-ideal joint estimation of the H0 and H1 channels is left FFS, and needs to be studied in link level simulations.
Rel 11 LMMSE-IRC model

The Rel 11 LMMSE-IRC receiver would be modelled in this case as
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Considerations on the channel estimation error impact to covariance estimation from the residual signal after RS cancelation
The model given above assumes that the receiver has ideal interference samples available for estimation of the interference covariance terms. In practice the receiver might obtain the interference samples by subtracting the estimated received reference signal from the total received signal, and then form the covariance estimates as sample covariance matrices of such a residual signal. In this case, the channel estimation error is impacting the covariance matrix estimation accuracy, so that
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where 
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 is the channel estimation error. However, the channel estimation error has the same covariance structure as the interference. Actually, the covariance estimation of the residual corresponds to estimating the covariance of a signal with known mean (the mean is the received reference signal of the desired transmission), which then implies only a scaling in the covariance matrix. However, we note that the issue depends also on the way in practice the channel estimation applies weighting the estimation, and how the raw covariance estimates (per symbol) are averaged in the end. Therefore the fine-tuning of the models should be performed by training in link simulations.
Further considerations
As the modelling of E-LMMSE-IRC receiver comprises essentially modelling of the estimation of desired and interfering equivalent channels, and modelling of the covariance matrix estimation, the same method is also applicable to other receivers considered in the NAICS SI. Specifically, the symbol level IC type receivers (SLIC and R-ML) that are also prioritized for the system simulations should use the same model for channel and covariance estimation as proposed here.
5
Conclusion
In this paper we presented a system level modeling methodology for E-LMMSE-IRC receiver, i.e. essentially the modeling approach for channel and covariance estimation in system simulations. We propose the model to be used in E-LMMSE-IRC system level evaluations, and also parts of this methodology can be used sas a sub-block in the modeling of symbol level IC type of receivers (SLIC and R-ML).
Proposal 1: The channel estimation and covariance estimation should be modeled in the system simulation utilizing the same methodology for all candidate receivers, and the methods presented above may be taken as a reference starting point.

Proposal 2: The E-LMMSE-IRC receiver weights may be modeled according to equation (6). The model for joint estimation of the desired and interfering transmissions channel is FFS.
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