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1. Introduction 
Among the possible improvements to MIMO operation discussed in RAN1#55bis for LTE-Advanced, several contributions [1 – 4] proposed enhancements to Multi-User MIMO. 
These possible enhancements include:

· Rank >1 transmission to a scheduled UE in MU-MIMO mode
· Indication of interfering precoding vectors
· Improved UE feedback (noting that the theoretical upper bound on system throughput with MU-MIMO is achieved with Dirty-Paper Coding [5 – 7] with full channel state information at the transmitter; non-ideal CSI feedback reduces the MU-MIMO sum rate.)
In this contribution we consider the first of these possibilities, namely that of extending MU-MIMO mode to multiple codewords per scheduled user, and discuss some initial details of possible specification extensions to support this enhancement.

2. Discussion of proposed enhacements
It is assumed that all Rel-8 LTE UEs will have at least two receive antennas. However, in Rel-8 UEs capable of receiving PDSCH transmissions in transmission mode 5 (MU-MIMO) do not necessarily have to have the capability to receive multiple PDSCH codewords in the same subframe. The additional receiver complexity to support dual-codeword reception in MU-MIMO mode is therefore related only to baseband processing and memory. 
With regard to allowing Rank>1 transmission to a scheduled UE in MU-MIMO mode, in the case of a large number of active users per cell it is well known that increasing the number of data streams per scheduled user does not increase the achievable sum rate [8, Chapter 14], as no significant further multi-user diversity gain can be achieved.  Any gains from Rank>1 transmission are therefore expected to occur in cases when the total number of users K is relatively small, comparable to the maximum number of transmit antennas (see under 1 above). Allowing Rank>1 transmission therefore becomes more useful when the number of eNB transmit antennas is increased (e.g. to 8).
This may be combined with allowing more than 2 users to be scheduled simultaneously in MU-MIMO.
It should be noted that allowing a mix of UEs with Rank=1 and Rank>1 to be selected simultaneously gives more freedom to the scheduler;

· The available transmission resources in the cell would not be used efficiently if the scheduler of an eNB with 8 antennas is not able to schedule multiple users in the spatial domain just because one user has a good channel and is able to receive 2 codewords.
· As a consequence, we expect an improvement in the per-user throughput CDF for users near the cell edge in cases when the cell contains a mix of UEs operating in SU-MIMO and MU-MIMO modes.
In any case, as mentioned above, Release 8 LTE UEs are expected to have two receive antennas for diversity:
· The proposed extension to MU-MIMO mode would allow the second antenna to be used for spatial multiplexing when channel conditions permit.
· The eNB scheduler would take into account the increased number of combinations of modes for each UE in MU-MIMO mode (i.e. receive diversity, or one codeword with either one of the antennas, or two codewords). 
3. Conclusions
This document has proposed a number of avenues for MU-MIMO development within the LTE-A framework. They are centred around a proposal for which there already exists significant support, namely to allow a UE in the MU-MIMO mode to receive multiple codewords. Based on the known theoretical findings, ways forward have been suggested.to support simultaneous scheduling of UEs in SU- and MU-MIMO modes, 
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