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1. Introduction
Enhanced downlink MU-MIMO transmission in support of more than one layer per user is currently considered in LTE-A [1]. It is clear that interference between the paired users limits the achievable performance. Therefore, the design of precoder should strike a balance between maximizing desired signal energy and minimizing inter-user interference (IUI). According to this principle, some enhanced feedback schemes [2][3] have been proposed for codebook-based MU-MIMO. The main idea of these schemes is that each user not only reports its own preferred PMI, but also some indication on the desirable interfering precoder known as best companion index (BCI). With the aid of BCI, user pairing at the NodeB can guarantee low IUI for each user.
In this contribution, we extend the idea of best companion reporting to more than one layer per user, and compare the throughput performance achievable with transparent feedback and non-transparent feedback.
2. Codebook design
The codebook design method described here is to construct multiple clusters of precoding matrices. Precoding matrices in the same cluster span the same column subspace, while any two precoding matrices in different clusters are orthogonal to each other. For example, with eight antennas at the NodeB and two layers per user, we can construct such a codebook from the 
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which can be used to create four clusters of precoding matrices. The lth cluster is formed as
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where
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is a unitary matrix, and M is the number of precoding matrices in each cluster. The codebook is comprised of the four clusters:
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The mth precoding matrix in the lth cluster is denoted by
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 and can be represented by the index pair
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3. User feedback and pairing 

3.1  User pairing based on transparent feedback

Here, transparent feedback means that each user calculates and feeds back PMI and CQI as in the single-user case. The procedure is described as the following steps.
Step 1: User k calculates the SINRs associated with the two streams for each precoding matrix in the codebook. For precoding matrix
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where 
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Step 2: User k selects the precoding matrix which provides maximum capacity:
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Step 3: User k feeds back the selected PMI 
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Step 4: Based on the information fed back from the users, NodeB finds the user with maximum capacity for each cluster, thereby associating each cluster with a user and a capacity value. NodeB then selects two clusters with maximum capacity, thereby selecting two users for transmission. 
3.2  User pairing based on non-transparent feedback
Here, non-transparent feedback means that each user calculates and feeds back PMI and CQI assuming the MU-MIMO mode. The procedure is described as the following steps.
Step 1: User k calculates the SINRs associated with the two streams for each precoding matrix in the codebook and each possible cluster of the interfering precoding matrix. For precoding matrix
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where 
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Step 2: User k determines its own precoding matrix and the best companion cluster index (BCCI) for the interfering user which jointly provide maximum capacity:
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Step 3: User k feeds back the PMI
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Step 4:  Based on the information fed back from the users, NodeB selects a pair of users with largest sum capacity among those who are suitable for pairing, and perform precoding using their reported PMIs. Two users k and j are said to be suitable for pairing if
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4. Simulation results 

In this section, we compare the throughput performance achieved with transparent feedback and non-transparent feedback for the case of 4, 6, 8, and 10 users. For both feedback schemes, if the NodeB cannot find two users according to the user paring procedure described in Section 3, then the NodeB transmits to only the user whose reported SINRs promise the largest capacity. 
The simulation parameters are listed in the Appendix and the simulation results are given in Figure 1. It can be observed that in the low SNR region, transparent feedback has some throughput gain over non-transparent feedback. This is because in this region, IUI is not the dominant performance-limiting factor, and thus transparent feedback as in the single-user mode is reasonable [4]. On the other hand, in the high SNR region, non-transparent feedback achieves significantly higher throughput than transparent feedback. This can be explained by the fact that IUI is the dominant performance-limiting factor when SNR is high, and thus throughput gain can be obtained by explicitly taking into account IUI in the feedback.
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Figure 1. Throughput comparison between transparent and non-transparent feedback for different number of users

5. Conclusions

In this contribution, we have proposed a codebook-based MU-MIMO scheme to support two streams per user. The codebook is comprised of multiple clusters with orthogonality between different clusters, and paired users should use precoding matrices belonging to different clusters. A non-transparent feedback scheme which exploits this clustered codebook structure by feeding back BCCI was proposed and compared with transparent feedback via simulations. Based on the simulation results, we suggest that transparent feedback is preferred in low SNR region while non-transparent feedback should be used in high SNR region for smaller IUI. Whether dynamical switching between these two feedback schemes should be supported needs further study.
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Appendix
	Parameter
	Assumption

	BS antenna configuration
	8 antennas, 0.5 lambda spacing, ULA

	UE antenna configuration
	2 antennas, 0.5 lambda spacing, ULA

	Downlink channel estimation
	Ideal

	Channel model
	SCM-UrbanMicro 

	Scheduled bandwidth
	6 RB

	Precoding granularity
	6 RB
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