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1. Introduction

In general, MU-MIMO scheme provides higher peak/average system throughput by fully exploiting multi-user scheduling gain in spatial domain as compared with that of SU-MIMO. To exploit spatial multi-user diversity gain properly, it is necessary to handle co-channel interference in both transmitter and receiver. In Rel-8, classical SDMA based MU-MIMO is employed in which a UE feeds back a single rank precoding information with corresponding CQI, thereby resulting in huge CQI mismatch since interfering information is not informed to a UE. This classical SDMA based MU-MIMO works well under highly correlated channel from spatial separation.

In LTE-Advanced, precoded UE-specific DM-RS is agreed for demodulation [1]. Therefore, several types of MU-MIMO scheme can be employed in UE transparent manner in Tx operation point of view. Given this situation, minimizing CQI mismatch between the UE feedback and effective downlink channel can be major issue to exploit MU-MIMO gain. 
In this contribution, we will discuss on further improvement of MU-MIMO scheme with precoded DM-RS.

2. Candidates of MU-MIMO

· Implicit MU-MIMO

In Rel-8, implicit MU-MIMO mode is supported in UE feedback perspective. A UE feeds back precoding vector and CQI as same feedback in SU-MIMO rank-1 feedback. Only difference between SU- and MU-MIMO is that power sharing information is provided in PDCCH so that a UE can demodulate data when higher modulation is used. Since co-channel interference information is not informed to a UE, a CQI is calculated based on single user MIMO transmission. In LTE-Advanced system, similar MU-MIMO can be considered as far as the performance is reasonable. Due to precoded UE-specific DM-RS, power sharing information is not needed in LTE-Advanced since DM-RS already contains power level information so that fully UE transparent MU-MIMO can be implemented. If same DM-RS for both SU-MIMO and MU-MIMO are used, this implicit MU-MIMO may provide scheduling gain by allowing dynamic switching between SU- and MU-MIMO and UE doesn’t need to know the transmission mode. However, DM-RS for MU-MIMO should be properly designed to avoid inter-RS interference. In this case, full orthogonal DM-RS across the layers irrespective of the rank may give benefits. In Rel-9, this type of implicit MU-MIMO is already agreed as a dual-layer beamforming in RAN1 #58 meeting [1].
· Explicit MU-MIMO

The performance degradation from CQI mismatch and co-channel interference can be mitigated if some scheduling information is shared with all UEs scheduled in a same frequency band. The main impact of CQI mismatch between UE feedback and effective downlink channel considering implicit MU-MIMO (e.g., classical SDMA) comes from absence of interfering channel information. If a maximum number of rank at a transmitter is informed to a UE, the co-channel interference can be taken into account for CQI estimation. Note that co-channel interference is still remained even with the MU-MIMO schemes nulling co-channel interference at a transmitter (e.g., ZF-Beamforming). Therefore, it would be worthwhile to allow informing maximum transmission rank to a UE for better support MU-MIMO. In addition to the maximum transmission rank at eNB, actual transmission rank at a transmitted in each MU-MIMO transmission can be also signaled to support interference suppression at a receiver, thereby requiring stream indication. This may allow a UE having a chance to cancel out co-channel interference so that higher performance gain can be obtained. Therefore, actual transmission rank and stream indication should be signaled to all UEs scheduled in a same frequency band to enhance MU-MIMO performance in LTE-Advanced if explicit MU-MIMO mode is employed.
For implicit and explicit MU-MIMO described above, following control signal shown in the table 1 may be required for better support of MU-MIMO.
Table 1. Required control information for support MU-MIMO mode

	
	Implicit MU-MIMO
	Explicit MU-MIMO

	Required control information
	· Layer indication: as used in Rel-9 dual-layer beamforming rank-1 transmission, layer indication is needed to inform the used reference signal for a specific UE.

· RE nulling indication: as agreed in DM-RS design for higher order MIMO, 12RE used up to a specific rank and 24RE can be used for higher rank which implies that FDM will  be used, thus requiring RE nulling indication in order to support orthogonal DM-RS even when larger number of UE are co-scheduled .
	· Reference rank: for more accurate CQI estimation, reference rank information may give a benefit by allowing a UE to estimation interference.
· Actual transmission rank: for each transmission, number of co-scheduled UE can be informed for a UE to suppress co-channel interference without energy detection used in implicit MU-MIMO.

· Stream indication: for each transmission, stream indication is necessary for a UE to demodulate a data transmitted for the UE.


3. Consideration Points
· Multi-stream support for a single UE

Rank-1 transmission is only allowed to a UE in Rel-8 MU-MIMO mode. Therefore, the excessive control signaling overhead is expected when it is simply extended to higher order MIMO since in general up to 8 UEs can be co-scheduled in a same frequency resource, thereby requiring larger PDCCH resources. Given this situation, it seems to be worthwhile to consider multi-stream support for a single UE in the MU-MIMO mode. However, system level investigation seems to be inevitable to see whether it can provide additional system throughput gain. One challenging point to support multi-stream in MU-MIMO mode would be a rank adaptation since it is complicated to calculate preferred rank at a UE side without co-channel interference information and scheduling policy.
4. Summary
In this contribution, we discussed on downlink MU-MIMO mode and some consideration point for better support of enhanced MU-MIMO. As a summary, followings can be issues on MU-MIMO to be discussed further and decided for the progress:

· It should be decided that which type of the MU-MIMO would be employed between implicit MU-MIMO and explicit MU-MIMO for LTE-Advanced. 

· Multi-stream support for MU-MIMO also need to be discussed whether it will be supported or not.
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