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1
Introduction
In the RAN#59 meeting, it was agreed to start a new study item on network-assisted interference cancellation and suppression (NAICS) for LTE UE [1]. In the followed TSG-RAN WG4 meetings, the complexity and feasibility of some basic receiver structures were discussed and analysed [2]-[3]. 

In this contribution, we propose RAN4 to consider the lattice-reduction aided receiver for NAICS in LTE. Through lattice reduction, the new receiver can provide better trade-off between performance and complexity than others, especially under correlated channels [4]-[5]. The feasibility of this type of receivers should be discussed and compared with the existing baseline receivers.
2
System Model
The system model we consider in this contribution is the same as the one described in [2]. For the purpose of being self-contained, the system model of [2] is quoted as follows.
For notational simplicity, a sub-carrier as well physical resource block indices are omitted for the rest of this presentation. Let us consider a multi-user (MU) multiple-input-multiple output (MIMO) downlink (DL) transmission in a multi-cell network which consists of 
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 cells, where 
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 defines the set of base stations (BS)s and 
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 indicates the cardinality of a set, hence the number of BSs. Each base station is equipped with 
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 transmit antennae and serves 
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 user equipments (UE)s. It is worth noting that by using linear precoding techniques the total number of data streams served by each BS is upper bounded by 
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 transmit antennas. Here, the set 
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 defines the set of simultaneously served UEs on same time and frequency resources associated with the 
[image: image8.wmf]

th BS. Each UE can be equipped with 
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 receive antennas and is able to receive simultaneously up to 
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 data streams. For the 
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th UE served by the 
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th BS, the received DL space-frequency signal 
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 after cyclic prefix removal and fast Fourier transformation (FFT) can be expressed as:
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where 
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 represents a frequency domain channel matrix which consists of small-scale and large-scale fading components, associated with the link between the 
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th UE and the 
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th BS. The vector 
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 denotes precoder for the 
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th data stream of the 
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th UE associated with the 
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th serving BS and 
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 describes the set of data streams for the 
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th UE associated with the 
[image: image24.wmf]

th BS. The scalar 
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 represent modulated data symbol for the 
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th data stream of the 
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th UE. The vector 
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 represents additive white Gaussian noise at a receiver where 
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 is the variance of the noise. It is worth noting that the first term in (1) represents a desired signal, the second inter-stream-interference, the third intra-cell-interference and the fourth inter-cell-interference components, respectively.
3
Proposed Receiver Structure

The received DL space-frequency signal 
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 can be expressed as
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where
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and
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is the associated vector of intra-cell and inter-cell interference plus noise. Assume 
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 is zero mean and has a covariance matrix 
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 which will be estimated in practice. It follows that (2) can be re-expressed as
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where
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where 
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.

Based on (6), we have the following linear detectors from the whitened linear model (6).
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Where 
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.
Observation: When the matrix 
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 in whitened-ZF or 
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 in whitened-MMSE is ill-conditioned, both detectors may suffer from strong noise amplification.
Proposal: In this contribution, we propose RAN4 to consider the lattice-reduction aided receiver to improve the aforementioned linear detectors. 
Proposed LR-aided-whitened-ZF receiver
For simplicity, we neglect the details regarding to the shift and scaling operation required in the LR-aided detection [3]. To design the proposed LR-aided-whitened-ZF receiver, lattice reduction procedure is first performed on 
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 to generate a reduced matrix 
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 as well as an unimodular matrix 
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, where
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The lattice-reduction procedure can be performed using the LLL algorithm or the Seysen’s algorithm to generate a reduced matrix 
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 with better matrix condition compared to 
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.

The proposed LR-aided-whitened-ZF detector for 
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 is obtained via 
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where 
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 denotes the operation which rounds the argument to the nearest integer, while 
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 restricts the results of the hard decision to be within the constellation set.
Proposed LR-aided-whitened-MMSE receiver
To design the proposed LR-aided-whitened-MMSE receiver, lattice reduction procedure is first performed on the extended channel matrix
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to generate a reduced matrix 
[image: image54.wmf]

 as well as an unimodular matrix 
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, where
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The lattice-reduction procedure can again be performed using the LLL algorithm or the Seysen’s algorithm to generate a reduced matrix 
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 with better matrix condition compared to (14).

The proposed LR-aided-whitened-MMSE detector for 
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 is obtained via
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Observation: Since the pseudo-inverse in both LR-aided-whitened-ZF and LR-aided-whitened-MMSE receivers are performed on 
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 which has been constructed to have better matrix condition, less noise amplification is expected compared to the original whitened-ZF and whitened-MMSE receiver.
4
Conclusions

In this contribution, we propose a new receiver for LTE UE. The new receiver enables the technique of lattice-reduction, which can provide non-negligible performance gain under strongly correlated channel environment. 
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