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1. Introduction

LTE-Advanced targets an improvement in spectral efficiencies over LTE. A key role for improving this spectral efficiency is to improve the signal-to-interference-ratio of a single UE. In closed-loop mode, the PMI reporting mechanisms ensure to boost the receive signal power. 

The reduction of interference is targeted by a new approach: Interference avoidance by sharing partial channel state information at the transmitter (CSIT). This additional partial CSIT shall be codebook-based. A recent proposal of Alcatel-Lucent [4] suggests adding additional feedback information: So-called “Best Companion” indexes are provided. This can be intra-cell information and inter-cell information as described in [4]  For reduction of inter-cell interference, extra codebook-based information on the strongest interfering neighbour cells is provided and shared via backhaul for coordinated scheduling. 
The same principle can also be used within one cell for providing extra pairing information for MU-MIMO. 

The focus of this document is the application of the “Best Companion” approach for intra-cell interference avoidance for MU-MIMO. This is based on additional PMI-based feedback information. 
In the recent MU-MIMO discussion within RAN1 it is proposed to insert an additional feed forward information on interfering PMIs (mainly to allow so-called MU-aware receivers, see [7]). Our proposed “Best Companion” feedback reporting can optionally be combined with this feed forward interfering PMI, but also works without it..

2. Additional PMI-based signalling for intra-cell interference avoidance
In addition to the preferred PMI, the UEs also report a best-companion PMI. Based on this additional information, the eNB then pairs UEs for multi-user MIMO on the same time and frequency resources in such a way that the UEs observe lower intra-cell interference than in an operation mode without the additional best-companion PMI information. Further, the UEs report CQI values for the cases that the eNB uses the best-companion PMIs or does not use them (may be Delta-CQI based).
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Figure 1 – “Best Companion” for improved MU-MIMO pairing
For the usage of MU-MIMO, the “Best Companion approach is as follows:

· The UEs measure the channel based on common reference symbols and report the rank 1 preferred PMI for their serving cell : 
The Codebook entry maximizing the SINR at the receiver output

· The UEs report the so-called best-companion indexes (BCI) for their serving cell :
The Codebook index of a potential co-scheduled interferer maximizing the SINR at receiver output (e.g. a linear MMSE receive matrix, based on effective channels of PMI and candidate BCI)

· The UEs report the CQI in case BCIs are not used. In case that BCIs are used a delta-CQI is reported
A description of a unified framework for the single-cell and multi-cell case including extensions to multiple BCIs or the usage of a worst companion index (WCI), can be found in [5].
The BCI reporting can be done in the frequency resolution granularity as PMIs, so either per subband or for the whole frequency band. 

In order to increase the scheduling flexibility, the UEs may report a set of best-companion PMIs, where the set gives the PMIs for which the intra-cell interference remains below a certain threshold.

The “Best Companion” approach enables MU-MIMO for arbitrary antenna configurations. 
Note that neither changes to the LTE rel.8 common reference symbols are required nor dedicated reference symbols have to be inserted.

3. Simulation results
Multi-link simulations are performed with statistical modelling of inter-cell interference based on the geometry of a 19·3 cell system. Closed-loop precoding is based on the LTE codebook [6], 4Tx antennas (closely-spaced) and 2Rx antennas are used. A subset of 7 indexes suitable for beamforming is used. The reference system uses for the pairing a criterion of minimum beam distance, thus avoiding PMIs which are related in the resulting antenna pattern to neighboured beams. This is compared to Best Companion reporting. It is assumed in these simulations to have no feedforward knowledge on interfering PMI (supporting MU-aware receivers, according to [7]).

The gains in total cell throughput for Best Companion reporting are in the order of 20%, depending on the scenario, see figure 2.
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Figure 2 - Relative gain in total average cell throughput
The simulation settings and the resulting subband SINR distribution are shown in the appendix.
4. Conclusion

This contribution has analyzed the potential of the best companion reporting concept. We propose to add the best companion reporting in order to improve the single-cell MU-MIMO performance. 

Additionally, in a general framework [5], this method is part of a framework that covers also interference avoiding beam-coordination in coordinated multi-cell systems. 
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Appendix

Simulation assumptions

	Scenario
	FDD Downlink, codebook-based MU-MIMO, without multi-cell cooperation

	Antenna configuration
	BS: 4 TX uniform linear array ((/2 element spacing), vertical polarized elements 
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 = 70 degrees,  Am = 20 dB, 14dBi gain (incl. cable loss)
MS: 2 RX with (/2 element spacing

	Carrier Frequency
	2.1 GHz, 10 MHz bandwidth

	Modulation and Coding
	LTE turbo coding, 27 different MCS ranging from QPSK 1/9 to 64 QAM 9/10,

Ideal link adaptation

Pilot and control overhead is taken into account (≈26%)

	Linear Precoding
	Unitary codebook based on Householder transformation:

LTE 4Tx codebook [5], subset of  7 entries suitable for beamforming

	Feedback
	CQI per subband, PMI (+BCI) for the whole band

	Channel model
	SCME: urban macro (8° angular spread) and urban micro

	Scheduling
	Non-frequency selective SDMA/TDMA

In each subframe 2 users are paired and share 50 PRBs grouped to 25 subbands, thus the whole frequency band.

SDMA is based on BCI – when not available, user pairing is done based on a minimum beam distance. TDMA is done in a Round Robin fashion.

	Receiver
	Linear Receiver with ideal channel state information with MRC combining

	Intra-cell interference
	Fully modelled

	Inter-cell interference
	Geometry obtained from 19*3 sector system level simulation with 500m inter-site-distance using interference wrap around, lognormal shadow fading with 8 dB standard deviation, path loss L_dB=128.1 + 37.6log10(.R), R in kilometers, Total BS Tx power 46 dBm, noise power spectral density -174 dB/Hz,
used to model inter-cell interference as frequency flat and spatially white


SINR distribution
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Figure 3 – Cdf of subband SINR at decoder input for SCME urban macro 8° channel
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Figure 4 - Cdf of subband SINR at decoder input for SCME urban micro channel
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