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1. Introduction

LTE-Advanced targets an improvement in spectral efficiencies over LTE Release 8. MU-MIMO has been identified as a key technique for achieving such spectral efficiency improvements. 

In order to improve the performance of MU-MIMO, it is beneficial to reduce the intra-cell interference by providing additional PMI feedback information as proposed in [5]: so-called “Best Companion” indices can be provided. This enables MU-MIMO pairing to be improved. 
The focus of this document is the evaluation of “Best Companion” PMI feedback to aid intra-cell interference avoidance for MU-MIMO, based on additional PMI-based feedback information. This was described in [2], illustrated by multi-link simulation results.
The focus of this document is now the system level performance, compared to release 8 SU-MIMO, based on the simulation assumptions from TR36.814 [4].

2. Additional PMI-based signalling for intra-cell interference avoidance
In addition to the preferred PMI, the UEs also report one or multiple best-companion PMI. Based on this additional information, the eNB then pairs UEs. 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). This is shown in figure 1.
For 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 indices (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
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Figure 1 – “Best Companion” for improved MU-MIMO pairing
A description of a unified framework for the single-cell and multi-cell case, including the usage of a worst companion index (WCI) for inter-cell coordinated scheduling, can be found in [5].

The BCI reporting can be done either per subband or for the whole system bandwidth. 

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. 
3. Simulation results
System simulations are performed using a hexagonal 7 x3 cell layout, with 10 average users per cell. 4Tx antennas (closely-spaced) and 2Rx antennas are used with 3-D antenna models and the urban macro scenario. Scheduling is proportional fair in frequency and time.
The baseline system uses release 8 closed-loop single user MIMO with rank adaptation (with 1 or 2 layers) and per-subband CQI/PMI reporting.
This is compared to MU-MIMO based on best companion feedback, using either 1, 2 or 3 BCIs and corresponding delta-CQIs. CQI information was given per subband, PMI and BCI information was wideband. Codebook-based closed-loop precoding is done either using the LTE 4Tx codebook [6]  (with a subset of 7 indexes suitable for beamforming) or a 3-bit tapered codebook (described in [7]).
	 

 
	SU-R8
	MU-MIMO Best companion using Rel-8 codebook 

	
	baseline
	1BCI
	Gain %
	2BCI
	Gain %
	3BCI
	Gain %

	bit/s/Hz
	1.50
	1.94
	+29.33
	2.05
	+36.67
	2.12
	+41.33

	5%-tile kbit/s
	426.12
	614.48
	+44.20
	580.88
	+36.32
	586.14
	+37.55


Table 1 - Spectral efficiency and cell edge rate for MU-MIMO best companion with Rel-8 codebook subset vs. SU-MIMO
	 

 
	SU-R8
	MU-MIMO Best companion using tapered codebook

	
	baseline
	1BCI
	Gain %
	2BCI
	Gain %
	3BCI
	Gain %

	bit/s/Hz
	1.50
	1.89
	+26.00
	2.17
	+44.67
	2.28
	+52.00

	5%-tile kbit/s
	426.12
	583.54
	+36.94
	626.03
	+46.91
	624.80
	+46.63


Table 2 - Spectral efficiency and cell edge rate for MU-MIMO best companion with 3-bit tapered codebook vs. SU-MIMO
Table 1 and 2 show that the gains depend on the amount of available feedback. Compared to Rel-8 single user MIMO the spectral efficiency can be increased by 26 to 52%, while the cell edge spectral efficiency can be increased by 37 to 47%.
The simulation settings are shown in the appendix.

· There is still additional performance potential for MU-MIMO using best companion PMI reporting beyond that shown here, by means of using an IRC receiver at the UE instead of MRC, and a more optimised scheduler. 
4. Conclusion

This contribution has analyzed the performance of additional best companion PMI reporting. In the light of the performance gains shown, we propose to include best-companion PMI reporting to improve the single-cell MU-MIMO performance in Rel-10. 
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Appendix

Simulation results
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Figure 2 - Spectral Efficiency vs. Cell Border Throughput
Simulation assumptions

	Parameter
	Assumption

	Service type
	Full buffer

	Cell deployment
	7 sites, 3 cells per site, hexagon shape

	User dropping
	1dB HO margin, average 10 users dropped in each cell and then association

	Simulation scenario
	ITU UMa (ISD 500m, min. distance 25m, speed 30km/h)

	Antenna configuration
	mode c: correlated co-polarized (illustration for 4 Tx: |||| )

	Number of antennas (Tx, Rx)
	(4, 2)

	Shadow correlation
	Inter-site correlation 0, intra-site correlation 1

	Scheduler
	SU: PF in time and frequency
MU: Greedy, using the SU scheduler

pair if estimated MU rate for selected user is more than ½ of the SU rate AND estimated MU sum rate is higher than SU rate

	Downlink receiver type
	SU-MIMO:MRC/MMSE
MU-MIMO: MRC

	Downlink HARQ
	Asynchronous adaptive HARQ, CC, maximum five transmissions

	Link to system interface
	MIESM

	System bandwidth
	10MHz

	Antenna pattern
	According to TR36.814

	Antenna tilt
	3D

	Channel estimation
	Error modeled with SINR-dependent SINR loss

	Feedback impairments
	CQI/PMI reporting period: 5ms (delay 6ms)
CQI feedback granularity: subband (2 RB)
PMI feedback granularity: subband for SU-MIMO; wideband for MU-MIMO

	Control channel and reference signal overhead
	First 3 OFDM symbols for control information 
+ actual Rel-8 4Tx cell-specific RS pattern

	Codebook
	SU-MIMO: Rel-8 4 bit codebook for 4Tx
MU-MIMO: Either Rel-8 with subset of 7 entries for beamforming 
OR Rel-10, 3-bit codebook with tapering
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