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1 Introduction

In LTE-A, the interference among users and different cells has become a large obstacle to improve the cell throughput. On the other hand, more deployed antennas have made MU MIMO possible. Then naturally the question comes: what is the information the UE can provide Node B to pair the users? Normally, UE will feedback its preferred matrix index(PMI) to Node B, which we can name as Normal Feedback scheme. To improve the pairing efficiency, more PMI feedbacks are suggested [1][2]. In this contribution, different PMI feedback schemes are evaluated for downlink FDD scenario. 
2 Pairing Schemes 
In [1][2], the Best Companion Pairing  is suggested to coordinate the multiple users in both single cell scenario and multi-cell scenarios.  Additional feedback information of so-called “Best Companion” indexes are provided, which is actually the Precoding Matrix Index (PMI) of to-be-paired user with least interference. That is, for single cell scenario, to minimize the intra-cell mutual MU-MIMO interference, extra codebook-based information of the to-be-paired user(s) with weakest interference is reported back to Node B. For multi-cell scenarios, to minimize the inter-cell interference, UE may report extra codebook-based information to its serving Node B to make the best companion pair and this information can be shared via backhaul to the strongest interfering neighbour cells for coordinated scheduling. 
To make the scheduling more efficient and flexible, it is suggested that a set of Best Companion PMI be reported back to Node B, where the set gives the PMIs for which the intra-cell or inter-cell interference remains below a certain threshold. 
However, more Best Companion PMIs means higher feedback overhead. Hence we investigate the possibility of reducing the PMI feedback without losing much performance.

Considering the correlation between different PMIs, the set of PMIs mentioned above can be clustered together. Besides the preferred PMI, UE may also need to feedback the index of clusters that has weakest interference. Following the definition style in [1][2], this scheme can be named best companion cluster. To elaborate the issue more clearly, we take a nesty structure codebook as an example, where one cluster can be constructed as shown in Fig.1 assuming 4bit PMI. In this scheme, all these 16 PMIs are separated into 4 clusters. If one UE selects its preferred PMI from one cluster with 4 bits, it need only feedback the additional interfering cluster index of its best companion pairing PMI with weakest interference with only 2 bits. That is, the total feedback overhead is 6 bits. In multi-cell scenario, this cluster index will be also shared via backhaul. If this UE is scheduled, any PMI within the interfering cluster can be scheduled. Node B can identify the preferred cluster index from the PMI index. 

[image: image1]
Fig.1: Cluster Construction

The scheduling procedure to pair two UE in Node B can be described as below:

1. Users which indicate the same preferred cluster a and the same interference cluster b are classified into one class, denoted by (a, b), where a and b represent the cluster index. Class (a, b) and Class (b, a) are taken as one class pair, which exhibits good property of mutual interference;
2. Find one UE in Class (a, b) and then another one UE in Class (b, a) to combine the companion pair to meet the proportional  fairness rule (or with other selection rule);
3. Schedule the UE pair found in Step 3 for transmission.
3 Simulation

The simulation parameter configuration can be referred in Table 1. Each UE is assumed to be allocated only one stream. Consequently, for the given LTE 4Tx codebook[3], we separated 16 PMI into 4 clusters: Cluster 0: {0,4,8,12}, Cluster 1: {1,5,9,13}, Cluster 2: {2,6,10,14} and Cluster 3: {3,7,11,15}.
Table 1: Simulation assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 10/30 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(10, 0.5) 

	Antenna type
	Polarized 

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	CQI / ACK/NAK feedback delay
	4 ms

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Receiver algorithm
	MMSE


The simulation results given in Table 2 show that the Best Companion PMI  scheme with 8 bits feedback can provide 7.17% and 14.16% gain over the Normal Feedback Scheme with 4 bits feedback corresponding 10 users and 30 users in each cell respectively. While Best Companion Cluster scheme with 6 bits feedback provides 5.53% and 7.97% gain over Normal Feedback Scheme, corresponding 10 users and 30 users in each cell respectively.  It seems that Best Companion Cluster can make relative reasonable trade-off among feedback overhead and throughput.
Table 2: Relative gain over Normal Feedback Scheme in total average cell throughput
	Scenario
	Feedback scheme
	No. of Feedback bits
	Relative gain

	10 users
	Normal Feedback Scheme
	4
	-

	
	Best Companion PMI
	8
	7.17%

	
	Best Companion Cluster
	6
	5.53%

	30 users
	Normal Feedback Scheme
	4
	-

	
	Best Companion PMI
	8
	14.16%

	
	Best Companion Cluster
	6
	7.97%


4 Conclusions
Different PMI feedback schemes for MU MIMO companion are evaluated in this contribution. The Best Companion PMI scheme provides the highest throughput but with highest feedback. The Best Companion Cluster scheme gives a reasonable compromise between the feedback overhead and throughput. The Normal Feedback scheme has least feedback bits but with least throughput. It should be further investigated on how to make better compromise.
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