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1 Introduction
One of the candidate receivers for NAIC that was discussed in RAN4 66bis was the enhanced-linear MMSE-IRC receiver (ELMMSE-IRC). MMSE-IRC receivers, in general, rely on suppression of the interfering transmissions to facilitate the demodulation of serving cell information. The Rel-11 MMSE-IRC receiver does not explicitly model the interferers using its channel estimate and other parameters while performing this nulling operation. The proposal that was discussed in RAN4 66bis was to consider an ELMMSE-IRC receiver which would model the interfering transmissions explicitly, thereby exploring the possibility of further gains over the Rel-11 LMMSE-IRC receiver.

In this contribution, we present the ELMMSE-IRC receiver definition, and the performance and complexity aspects of this receiver.
2 Enhanced LMMSE-IRC Receiver
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.
	(1) 


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. 
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FIGURE 1: Rel 11 LMMSE-IRC Receiver

The following is the block diagram for the EMMSE-IRC receiver. The receiver architecture consists of two basic functionalities: a) interferer parameter extraction and b) core receiver processing. First, we highlight the difference in core receiver processing for ELMMSE-IRC compared to Rel-11 LMMSE-IRC receivers.
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FIGURE 2: Enhanced LMMSE-IRC Receiver

Core receiver processing:

Core receiver processing includes symbol level detection of the desired cell’s signals and Turbo decoding. At the detector stage, Rel-11 LMMSE-IRC receivers suppress the transmission from interfering cells before detecting the desired symbols. The nulling operation is performed by a front end MMSE filter, F, and Fy is the linear estimate of the transmitted symbols. 
For Rel-11 MMSE IRC receivers, F is constructed using
· Channel estimate of serving cell
· Collective Interferer and noise contribution is estimated using CRS or UERS tones
ELMMSE-IRC receivers perform a similar function with the following key differences:
· Channel Estimate of Interferers: The interfering signal contribution is modelled explicitly using the estimated channel of the interferer. The UE could possibly obtain the interferer channel estimates by using CRS-IC.
· Precoding: Another parameter needed to explicitly model the interferer is the precoding matrix. This could be obtained by either UE-side blind estimation or network signalling.
· Interferer Signal Strength: Moreover, the interferer signal strength is also necessary for explicit modelling and this could also be obtained using either network signalling or blind detection at the UE.
Interferer Parameter Extraction: 
· Clearly, the above definition necessitates that the UE perform interferer parameter extraction through some means, assisted or otherwise to obtain the interferer signal strength and precoding matrix.
As it was discussed in [1], the overall receiver complexity of enhanced-LMMSE-IRC receiver consists of the following components: (i) Channel estimation, (ii) MMSE-IRC Detection, (iii) FEC decoding for the core receiver and (iv) Parameter extraction. 
· Core Receiver Complexity of ELMMSE-IRC receiver:

· Channel estimation with CRS-IC scales linearly with the number of interferers:    NCCE
· 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
In contrast, the complexity of the Rel-11 MMSE-IRC receiver has the following components:

· Core Receiver Complexity of LMMSE-IRC receiver:

· Channel estimation without CRS-IC:    CCE
· Front-end (detection and interference cancellation:  CFE
· Back-end (FEC Decoding i.e., Turbo decoding for PDSCH) :   CBE
· Total Complexity (approx.) = CCE + CFE + CBE
As evident from above, the additional complexity for ELMMSE-IRC receivers compared to Rel-11 MMSE-IRC comes from two sources: a) Interferer parameter extraction and b) linear scaling of channel estimation complexity (due to CRS IC).
3 Performance
The linear MMSE-IRC receiver, even with enhancements, mitigates the interfering signals, but does not cancel them or perform joint detection as is performed in truly advanced non-linear receivers such as IC or ML receivers respectively. We see the following significant disadvantages for this class of receivers:
· Dimensionality: Scenarios where ELMMSE-IRC may provide gain over Rel-11 MMSE-IRC is limited, as this receiver attempts to null out dimensions using extra Rx antennas.
· Meaningful gain is expected only under rank-deficient scenarios (e.g. TM6) under a single dominant interferer. For full-rank interferers (e.g. TM2, TM3, TM4), or for under multiple interferers, not much gain is expected with ELMMSE-IRC
· Interferer Strength: Since the ELMMSE-IRC receivers do not perform any active detection/cancellation of the interferer, they suffer significant performance loss in scenarios where the interferer is stronger than the serving cell. For the NAIC study, HetNet scenarios 2a and 2b are likely to involve significantly stronger interferers and hence larger gain is expected with truly advanced non-linear receivers.
Proposal 1: De-prioritize MMSE-IRC class of receivers, including ELMMSE-IRC receivers, owing to performance shortcomings.
Justification: Aside from the performance limitations of the LMMSE-IRC receivers, it is also worth noting that the computational operations for ELMMSE-IRC are merely intermediate steps towards other advanced receivers such as ML and IC receivers. Therefore, it turns out that the ELMMSE-IRC receiver is a half-solution in Rel-12’s quest to obtain a truly advanced receiver, and one which should not divert the focus of the RAN4 study.
4 Conclusions

We discussed the class of linear MMSE-IRC receivers as a candidate for Rel-12, including the ELMMSE IRC receivers. Considering the fact that MMSE-IRC receivers, including ELMMSE-IRC are not very effective in interference mitigation especially for full rank interferers and/or HetNet scenarios, our proposal is the following:
Proposal 1: De-prioritize MMSE-IRC class of receivers, including ELMMSE-IRC receivers, owing to performance shortcomings and the fact that ELMMSE-IRC receivers are computationally a subset of more advanced non-linear receivers.
5 References

[1] R4-131825, “Linear MMSE IRC receivers for NAICS”, Qualcomm Incorporated, RAN4 #66bis, Chicago, April 15th -19th, 2013.
PAGE  
2/4

_1426283329.unknown

_1426283460.unknown

_1426283558.unknown

_1426282931.unknown

