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1. Introduction
Multi-user MIMO (MU-MIMO) provides a way to increase system capacity in the LTE downlink in scenarios with high system load ‎[1]. In addition to time and frequency, users are separated spatially by using sufficiently different precoder vectors for their respective transmissions. By a proper choice of precoder vectors, the intra-cell interference introduced by such a spatial multiplexing operation can be kept at a reasonable level, even though possibly multiple UEs are co-scheduled on the same resource blocks. 

In RAN1 meeting #47bis, semi-static switching between MU-MIMO and SU-MIMO was decided, effectively making MU-MIMO a separate transmission mode. MU-MIMO operation was furthermore agreed to be limited to single layer transmission to a particular UE.  Additional decisions concerning MU-MIMO were taken in RAN1 meeting #49bis, where the following was agreed
· MU-MIMO scheme focusing on the correlated antenna elements (but its use for the uncorrelated antenna elements is not precluded)

· Precoding codebook baseline

· reuse (a part of) the rank-1 SU-MIMO precoding possibilities defined for 2 TX and 4 TX antennas

· UE and Node B uses the same codebook

· Node B has the ability to independently choose the precoding vectors for the UEs scheduled in the same subframe.

· UE feedback

· CQI calculation: same as the rank-1 SU-MIMO

· Precoding feedback: same as the rank-1 SU-MIMO 

· It is possible to configure non-frequency selective precoding feedback

· Need for additional means for robustness is FFS (inclusion into Rel8 is not precluded)

· An additional CQI terms for interference indication 

· Alternative CQI definition

· Downlink control signalling
· Explicit signalling of the used precoding vector for a scheduled UE is allowed

· Other possibilities are to be aligned with the conclusion of SU-MIMO case

· Signalling of the interference vector(s) is FFS

· Indication of the power share for a UE among the scheduled UEs on the same set of frequency resource in the same subframe is FFS

· Detailed signalling scheme is FFS

· The conclusion on the UE-specific RS-to-PDSCH power offset signalling should preferably be reused. 

· Taking into account the subframe-wise power variation… 

Since these decisions, the focus in RAN1 has been on finalizing the CQI design and hence the discussions on MU-MIMO have been rather limited. This contribution attempts to nail down the remaining details, which in our view are limited to a single issue, and thus take an important step in finalizing the design of downlink MU-MIMO in LTE. 
2. Discussion
MU-MIMO is supposed to target scenarios with correlated antenna setups. This facilitates the scheduler’s task of finding groups of UEs reporting sufficiently orthogonal precoding vectors since wideband precoding is then sufficient. As agreed, a MU-MIMO configured UE reports CQI in the same way as if it was configured for rank-one closed-loop spatial multiplexing and the UE is only informed about its own precoding vector. This ensures maximum reuse of already existing UE functionality and again emphasizes the focus on correlated antenna setups where the interference between the co-scheduled UEs can be kept low. Similarly, much of the downlink control can be reused from the closed-loop spatial multiplexing mode. 
The only critical additional feature that is needed is for the UE to know the power level of the PDSCH relative the common references symbols. This since the number of co-scheduled UEs may vary from one subframe to the next and they all share the output power so there is clearly a need for letting the power level to a particular UE vary at subframe speed. One way of signaling the power level is to inform the UE about the number of co-scheduled UEs as part of the PDCCH for the downlink. Such an approach would require a maximum of 2 bits to support up to 4 co-scheduled UEs for 4 Tx. However, it would at the same time introduce an unnecessary scheduler restriction in that the number of co-scheduled UEs on all resource blocks for a particular UE needs to be the same in order for the signaling to be unambiguous. It therefore appears more attractive to instead directly interpret the two bits as a power offset. That way, the number of co-scheduled UEs can vary over the bandwidth allocated to a single UE, which simplifies the scheduler’s task of grouping UEs. 
Similar to SU-MIMO, MU-MIMO offers a way of sharing high SNR levels among several transmissions. DCI format 2 is used for the closed-loop spatial multiplexing mode and it therefore appears reasonable to reuse format 2 also for MU-MIMO. Since, MU-MIMO is limited to rank-one transmission, several bits in format 2 are not needed and two of these bits can basically be reinterpreted as describing up to a 2-bit power offset value. The remaining unused bits may be set to a fixed known value.
3. Proposed Refinements

This contribution discussed the support of downlink MU-MIMO. So far, almost all components are in place. To ensure maximum commonality with other transmission modes, we further propose, in addition to the agreed approach of UE reporting CQI/PMI feedback as in closed-loop rank one spatial multiplexing,
1. Re-use of PDCCH format 2 for the MU-MIMO transmission mode
2. Support of 4 bit PMI for rank-one transmissions
3. Subframe speed signaling of EPRE for MU-MIMO UE

a. Power offset between EPRE for a single scheduled UE and EPRE for co-scheduled UE
i. 2 Tx: 1-bit power offset {0, -10log(2)} dB,
b. 4 Tx: 2-bit power offset {0 dB, -10log(2), -10log(3), -10log(4)} dB
c. Existing bits in PDCCH format 2 reinterpreted as power offset

i. Several bits are candidates since only single-rank transmission is supported
4. Unused bits in PDCCH format 2 are set to a fixed known value.

