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1. Introduction
Much research and standardization effort has been spent on multi-user MIMO (MU-MIMO). The scheme attracts so much attention since it can achieve superior spectral efficiency by taking advantage of both multi-user diversity and special diversity. However, several issues need to be well addressed, below is a list of part of the issues:

1)
Transparent vs. Non-Transparent DCI

2)
Feedback to support MU-MIMO / SU-MIMO dynamic Switching
3)
Multi-Layer support of MU-MIMO with Rank Switching
In this contribution we investigate the potential capacity gain of multi-layer MU-MIMO with rank switching. We conduct simulation for beamforming antenna and dual-polarized antenna configuration. In both scenarios, we compare the relative capacity gain of multi-layer MU-MIMO with that of single layer MU-MIMO. realistic channel feedback is used in the simulation.
2. Discuss of MU-MIMO layer dimension 
Single-layer transmission is the only available mode in Rel-8 MU-MIMO mode. For the maximum number of co-scheduled uses, while the standard does not have explicit limitation, in reality, it is limited to a maximum of two users due to other factors. 
In Rel-10, if up to 8 MU-MIMO UEs, each with possible multi-layer transmission capabilities is enabled, considerable control signaling changes are needed. Simplifying signaling design and reduce overhead is the most important issue to keep in mind. 
Supporting multi rank MU-MIMO transmission is a more complex issue. For example, for multi-layer MU-MIMO transmission it is difficult to conduct rank adaptation without explicit co-channel interference knowledge and scheduling information. Feedback support for multi rank MU-MIMO transmission requires more overhead and may not perform as robust as single rank MU-MIMO transmission when we consider quantization losses and subband feedback losses. 
Keeping the Rel-8 single-layer MU-MIMO transmission limitation may bring some simplification of the DL signaling design as well as reducing UL channel feedback overhead. For example in eigenmode transmission, if only one layer per UE will be transmitted, then each UE only need to feedback the one principle eigenvector.Design tradeoff need to be carefully weighted. To start with the effort, in this paper we try to answer a simple question that some contributions submitted before have expressed: relative capacity gain that multi-layer MU-MIMO may capture. In the following chapters we will describe our modeling and simulation assumptions.
3. System Model and Performance Evaluation
3.1 MU-MIMO Capacity Modeling
In MU-MIMO, multiple users can share the same resource, assuming that cross-user interference can be suppressed by proper user pairing, transmit weighting, and receiver processing.  Considering that MMSE receiver is used and two users are multiplexed, the interference seen in i-th layer of User 1 becomes:
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where the third term represents the cross-user interference from User 2. On the transmitter side, user pairing and the transmit weighting of User 2 are also to minimize the precoded channel 
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 leaked to User 1. Note at the total transmit power summed over two users is normalized in Eq. (4), e.g., each as half of what is seen in Eq. (2) for SU-MIMO, so that the SNR definition is consistent between SU-MIMO and MU-MIMO. 
Similarly, the interference see in i-th layer of User 2 can be written as:
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And the ergodic constrained sum capacity is
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2.2 Precoding Algorithm
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Signal-to-leakage-and-noise ratio (SLNR) [3,4] has been shown a cost-effective criterion for choosing the transmit weights in MU-MIMO. In the case of two-user MIMO, the precoders for User 1 and User 2 can be calculated as

(7)
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where the M strongest eigenvectors are used as the column vectors to construct precoding matrices. 

The terms 
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 are essentially the transmit covariance matrices “Ri” of User 1 and User 2, respectively. In another word, “Ri” contains sufficient channel information for transmit weight calculation under SLNR criterion.

3.1 Simulation Settings
We consider 4x2 and 8x2 MIMO with two antenna configurations: beamforming and dual-polarized. 
	Parameters
	Assumption

	Channel model
	SCM-E  Umi/Sma

	Antenna configuration
	ULA 4TX/ DP  8TX
BS:0.5/4 Lambda  MS:0.5 Lambda

	Number of UEs
	10 UEs with the same geometry dropped randomly in a cell.

	CQI/PMI/R reporting 
	Subband, 5RB granularity, 6ms delay

	Rank adaptation
	SU Rank is reported from UE when PMI is used.

	Link adaptation
	Perfect post-BF CQI at eNB, i.e. perfect link adaptation

	MU Precoding
	SLNR

	Receiver
	MMSE

	Feedback
	Codebook design method present in [6][7]


Table1. Simulation parameters for Subband feedback
3.2 Performance Comparison
It can be seen that in this antenna configuration the performances of rank switching gives little gain. We also observed that two UE MU-MIMO  multi-layer transmission only start to surpass two UE MU-MIMO with single-layer transmission from around 18dB SNR area.
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Figure 1. Throughput with different MU Rank dimension 4Tx 4lamda ULA(Umi).

Performances of  Dual-polarized  antenna configuration are compared in Fig. 2,3,4. 
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Figure 2. Throughput with different MU Rank dimension 8Tx 0.5lamda DP(SMa).
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Figure 3. Throughput with different MU Rank dimension 8Tx 0.5lamda DP(Umi).

In figure 2,3,4 we can find that Rank2 MU can obtain a obvious gain in 8Tx DP，in poor scatter scenario,the xpd is larger and the gain is smaller. 
4. Conclusion
Performances of MU-MIMO were simulated for ULA and dual-polarized antenna configurations. In the simulation, we compare the capacity of multi-layer transmission with single-layer transmission, preliminary result suggests, under these settings, allowing multi-layer MU-MIMO with rank switching provide small capacity gain over single-layer MU-MIMO transmission for 4Tx ULA configuration. For 8Tx dual polarized antenna configuration, multi-layer MU-MIMO provides larger capacity gain over single-layer MU-MIMO.
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