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1 Introduction
This contribution discusses the class of interference rejection/suppression (IS) receivers to be used for demodulating serving cell information in the presence of interferers, specifically in the context of the study item on network assisted interference cancellation / suppression for LTE downlink receivers. We present the signal model, IS receiver definition, its relative advantages and disadvantages in this paper. 
2 Signal Model
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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               for k = 0, 1, ..., K.
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where, ρi is the amplitude of the signal transmitted from i-th cell,
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is the channel matrix of the i-th cell on the k-th tone / resource element (RE), 
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 is the symbol transmitted by the i-th cell in the k-th tone and 
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is the spatial precoding matrix used by the i-th cell and K is the total number of observed tones. The number of cells in this case is N with one serving cell and N – 1 interferers. 
The goal of demodulation is to detect the signal from the serving cell. In the class of receivers known as interference rejection receivers, the goal is to suppress the transmission from interfering cells without attempting any more advanced processing on them.
2.1 Interference Rejection/Suppression (IS) Receivers
The goal of an interference rejection receiver is to perform front end processing on the received signals such that the contribution of the interfering signal to the received symbols is minimized, simplifying serving cell demodulation. Specifically, the front end processing operation is chosen to be a linear operation, and hence this class of receivers is also known as linear IS receivers. In particular, the MMSE-IRC (minimum mean square error-interference rejection and combining) receiver has been studied and its performance was standardized in Rel-11. To recap, MMSE linear receivers choose a front end filter which minimizes the mean squared error between the transmitted symbols and estimated symbols. The MMSE filter is given by 
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where, F is the front end filter, and Fy is the linear estimate of the transmitted symbols to be detected. The linear MMSE estimate of the serving cell symbols is obtained using:
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The study item description clearly states RAN4 to evaluate the link-level gain of advanced receivers over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC. The performance gain for the MMSE-IRC receiver itself with additional network signalling and without any non-linear techniques is expected to be very limited.
Proposal 1: De-prioritize the MMSE-IRC receivers. Use the Rel-11 MMSE-IRC receiver performance ONLY as a baseline with which the performance of non-linear (ML and IC) receivers is evaluated. 
3 Performance, Complexity and Signalling Aspects
3.1 Performance

The linear MMSE-IRC receiver mitigates the interfering signals, but does not cancel them or perform joint detection as in IC or ML receivers respectively. In comparison to the ML or IC receivers, the linear IS receiver suffers significant performance loss, especially as the interferer gets progressively stronger, leading to a weak SINR. 

The task of interference suppression becomes increasingly challenging as the SINR decreases and hence the performance loss of the linear receiver. In light of the performance disadvantage, other receiver techniques, including non-linear architectures such as ML and IC receivers have to be considered for interference mitigation.
3.2 Complexity

The overall receiver complexity consists of the following components: (i) Channel estimation, (ii) Parameter extraction, (iii) MMSE-IRC Detection and (iv) FEC decoding.
· For the baseline MMSE-IRC receiver:

· Channel estimation with CRS-IC scales linearly with the number of interferers:    CCE
· Front-end (detection and interference cancellation:  CFE
· Back-end (FEC Decoding i.e., Turbo decoding for PDSCH) :   CBE
· Total Complexity (approx.) = N(CCE) + CFE + CBE
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Figure 1: Block diagram for MMSE-IRC receivers
· Scalability: Linear receivers have affordable complexity requirements by most measures. The linear MMSE receiver offers a highly scalable solution, one which offers a marginal complexity increase with increasing number of interferers.

· Sensitivity to Interference Parameters: While it is certainly true that some unknown transmission parameters can have an impact on the performance of linear receivers, the sensitivity of linear MMSE-IRC receivers to variations interference parameters is expected to be less compared to maximum-likelihood or IC receivers.
3.3 Signalling Assumptions/Requirements
We list the set of transmission parameters that impact the IS receiver. All of the following information is known for the serving cell through control channel signalling, but they are unknown for the interfering cells. The channel of the serving and interfering cells may be available through CRS IC. Other parameters which can benefit IS receivers are:

· Transmitted signal strength, which includes the traffic to pilot ratio (TPR) for PDSCH channels. 
· Spatial precoding scheme, which varies depending on the transmission mode.
· Modulation format, which specifies the constellation from which the transmit symbols are chosen, as determined by the MCS.
Granularity of parameter variation: 
· The UE could potentially see different interferers on each RB; therefore, the granularity of variation of the above parameters is per RB.

· An additional simplification may be made by assuming a sub-band level granularity for the interference transmission parameters.
4 Conclusions

We discussed the linear IS receiver as a candidate for interference mitigation, with MMSE-IRC as the representative. Considering the following facts:

a. Performance of MMSE-IRC is well understood from prior receiver evaluation studies in RAN4.
b. MMSE-IRC receivers are not very effective in interference mitigation.
We propose to de-prioritize the linear IS receiver from this study. We also propose to use the MMSE-IRC receiver as the baseline for performance for Rel-12 UEs with interference mitigation capability.
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