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1. Introduction

Multi-user MIMO (MU-MIMO) is a closed loop method where channel knowledge of the different users is exploited to schedule multiple users on the same resource blocks (RB). Multiplexed users on the same RBs can be separated in the spatial dimension by designing appropriate transmit and receive antenna weight vectors. 
Several issues were raised in the RAN1 #48b Malta meeting regarding MU-MIMO details. 

Some views are presented concerning these issues.

2. Codebook design
In Unitary Precoding, the Node B codebook is the same as the UE codebook. In Zero Forcing, the Node B codebook is different from the UE codebook. Various ways at arriving at the Node B codebook are outlined in [1].  It is shown that these ZF codebooks give better performance that the UP codebook – thus it is preferred to have the Node B precoding specified separately from the UE feedback codebook.
It is preferred that the size of the UE and Node B codebooks should be as small as possible.  To minimize overhead while keeping a reasonable performance, for the 2Tx case a UE codebook of size 3 bits and Node B codebook of size 4 bits is acceptable. 
3. DL indication

DL indication should be done to minimize overhead – DL indication could include signalling the entire codematrix or vectors of the codematrix of Node B precoding. However, minimization of overhead clearly depends on the mode of DL indication – whether it is done using control signalling or reference signalling. Thus this is for FFS.
4. Feedback overhead

The feedback overhead consists of the CQI and index feedback. It is preferred to have a single CQI fed back – the motivation for having a single CQI is elaborated in [6], where we show that any extra bits (in lieu of having a delta CQI) are more beneficially used for UE codebook since higher accuracy in UE feedback reduces the interference seen at the UE from the stream of other UEs (the interference term is directly proportional to the UE channel quantization error).
As mentioned above, for 2Tx case, a UE codebook of 3 bits gives good performance.
5. UE Feedback 

It is the working assumption that the UE feeds back an index from the UE codebook. In SU-MIMO, it is clarified that the index represents the preferred precoding matrix corresponding to channel SVD or  maximization of a metric like SINR at the UE – in either case this clearly is an indication of spatial channel observed at the UE. A corresponding meaning should be clarified in the case of MU-MIMO in the standard - it would be an insufficient specification if this meaning is not clarified. It is clear that corresponding to SU-MIMO, the index fed back should also indicate the spatial channel observed at the UE keeping in mind that only one stream is received in the case of MU-MIMO.
6. CQI Feedback 

CQI feedback should indicate the channel quality observed at the UE while accounting for MU interference from co-allocated UEs – since the exact coallocated UE(s) is not known a priori to the UE (assuming that the Node B has flexibility in making the scheduling decision about co-allocating users) – this has to be done in a blind fashion. This can be accomplished in several ways as outlined in previous contributions [3],[6] – for example by averaging over all possible set of interferers. 
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