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Introduction
For downlink multi-user MIMO (MU-MIMO) two transmission modes MIMO mode 3 (open loop MU-MIMO with non-adaptive precoding) and MIMO mode 4 (closed loop MU-MIMO with adaptive precoding) have been defined in 802.16m.

Out of these two transmission modes, only MIMO mode 4 (CL MU-MIMO) allows two-stream simultaneous transmission to a scheduled AMS. In particular, there is one stream assignment with 3 total streams, there are three stream assignments with 4 total streams and eight stream assignments with 8 total streams (the latter being applicable to only an ABS with eight transmit antennas), that allow two-stream simultaneous transmission to one or more co-scheduled AMS. For an ABS with polarized TX antennas, which has been identified as an important configuration for practical deployment, the possibility of scheduling an MU-MIMO AMS with 2 streams is particularly beneficial.
On the other hand, there is no support for such two-stream (or two-layer) per-AMS transmission in the feedback obtained from each potential MU-MIMO AMS. For supporting MU-MIMO, three MIMO feedback modes (MFM 5, 6 and 7) have been defined in 802.16m. Out of these, MFM 6 targets CL MU-MIMO with SLRU or NLRU allocation. We note that all of these three MFMs allow the feedback of (sub-band or wideband) PMI only from a rank-1 codebook. Moreover, the CQI is also computed assuming that the AMS will be served only one layer using the recommended PMI.  

Clearly, there is a need to enhance feedback support for CL MU-MIMO with two-layer transmission to one or more scheduled users. 
Towards this end, we make the following suggestions:

1. Support for rank-2 (STC rate-2) CL MU-MIMO PMI feedback. The rank-2 base codebook and base codebook subsets for CL MU-MIMO can be defined to be identical to their SU-MIMO counterparts just as done for the rank-1 case.

2. Allowing the ABS to suggest either rank-1 (STC-rate 1) or rank-2 (STC-rate 2) to a potential MU-MIMO user, by appropriately modifying the feedback allocation A-MAP IE.

In addition, there is a need to clarify MU-MIMO CQI computation at the AMS. In 802.16m/D9 for MU-MIMO feedback modes with codebook-based feedback (MFM 6 and MFM 7), a CQI is calculated at the AMS assum​ing that there are (MaxMt -1) interfering users and that the interfering users are scheduled by the ABS using rank-1 precoders orthogonal to each other and orthogonal to the rank-1 precoder represented by the reported PMI. If MaxMt = 1, the AMS feeds back rank-1 CL SU-MIMO CQI.
We note that while the use of MaxMt in MU-MIMO CQI computation allows for a better prediction of post-scheduling interference at the AMS, a value of the power split (or fraction) needs to be assumed by the AMS to account for such interference in its CQI computation. In other words, the AMS must employ a value for the fraction of the transmit power that will be used for its desired stream(s) (with the remaining fraction being used for the interfering streams). 
To address this issue, we make the following suggestion:

1. For MU-MIMO feedback modes with codebook-based feedback, define a parameter ( that specifies the power-split between the desired stream(s) and the interfering streams that the AMS must assume. In particular, while computing its CQI the AMS should assume that a fraction ( of the transmit power will be used by the ABS for transmitting its desired stream(s), whereas the remaining fraction 1-( will be used to transmit the interfering streams intended for the other co-scheduled users. A default value of ( can denote equal power split among all the co-scheduled streams. 
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