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1. Introduction 
So far, the email discussion of Dual layer Beamforming for Release 9 [1] has shown at least some support for the following conclusions:

· Specification should support SU-MIMO 

· Fast rank adaption between Rank 1 and Rank 2 

· Same DRS pattern for both layers

· DRS pattern not necessarily compatible with Release 8 

· Not yet clear whether DRS for the different layers should be distinguished by FDM/TDM or CDM
· CSI feedback from UE to include PMI (at least for FDD) 

Some comments on additional points are made below, with a particular interest in MU-MIMO.
2. 
Discussion 
MU-MIMO

There seems to be no clear conclusion on whether Dual layer Beamforming should be extended to allow MU-MIMO. Some specific features could be implemented to enhance MU-MIMO performance, for example signalling to a UE some information about transmissions to other UEs on the same resources. However there may not be enough time to specify such features in Release 9. 

Although it does not explicitly provide support, Release 8 does allow MU-MIMO based on single layer beamforming and DRS: spatially distinct beams could be transmitted to different UEs using the same resources, with the DRS superimposed in the same REs. The available transmission power can be divided between the beams and the DRS amplitude scaled accordingly. 
The same approach could be followed in Release 9 as for Release 8 (i.e. no explicit support, but MU-MIMO is not prevented). 
Rank adaptation

Fast rank adaptation requires at least that the eNB can decide which transmission rank to use (base on UE feedback or reciprocity in TDD). Therefore signalling would be needed to indicate the transmitted rank.

We note that for Rank 2 transmission, there would be a set of DRS for each layer and if it is not implicit in the specification, downlink signalling would need to need to indicate which transport block is sent on which layer (i.e. which set of DRS are associated with which transport block).  
It is not clear what should be done for Rank 1 transmission. Some possibilities are:

· Use a different DRS pattern for Rank 1(e.g. from Release 8)

· Use only one of the set of DRS used for Rank 2

· If the same set is always used, no signalling would be needed to indicate which one

· If either set could be used, signalling would be needed to indicate which one. This could give better performance for MU-MIMO, since it would allow the DRS for two different UEs to be distinguished both spatially and by FDM/TDM or CDM (whichever is selected).
CSI Feedback

It seems reasonable to assume that CQI feedback would be supported in both FDD and TDD. There is general agreement that PMI (i.e. information on the channel coefficients) would be needed in FDD, and possibly for TDD. However, the basis for CQI computation by the UE may needs some investigation. For example, should it be based on the assumption of beamforming applied to the PDSCH, or follow what is specified for Release 8?

There remain some options for CSI feedback

· UE reports preferred channel rank, PMI and corresponding CQI(s)
· This means that the eNB has little information on which to base a transmission if it does not want to follow the UE recommendation. 

· UE reports PMIs and CQIs for both Rank 1 and Rank 2 
· This means that the eNB can select the transmission Rank and rate according to its own criteria.

· This would provide better support for MU-MIMO, since the eNB could decide between scheduling one UE with Rank 2 or two UEs with Rank 1.  

· Rank 1/Rank 2 CSI reports could be sent with TDM to reduce the peak uplink signalling load

A further question would be whether to support “Rank restriction”, where the eNB could restrict the UE to report CSI for only Rank 1 or only Rank 2. 
Backwards Compatibility

Possible ways forward could include:-

· Release 9 UEs support both Dual layer Beamforming and Single Layer Beamforming (as in Release 8).

· This could lead to a more complex implementation, but UEs would be able to operate with DRS in any network 

· MU-MIMO based on DRS would be supported (at least as a Release 8 functionality) 

· Release 9 UEs support only Dual layer Beamforming and not Release 8 Single Layer Beamforming.

· The UE implementation complexity would be lower, but UEs would not be able to operate with DRS according to Release 8 

· MU-MIMO based on DRS would only be possible if allowed in Release 9 
· A Release 8 UE supporting single layer beamforming would not be supported in a network only operating according to Release 9 Dual Layer Beamforming. However, since this feature has a low priority for Release 8, and would not be IOP tested early Release 8 UEs, this may not be a problem in practice. 
2. Conclusions
Based on the preceding discussion we recommend the following:
MU-MIMO: The same approach could be followed in Release 9 as for Release 8 (i.e. no explicit support, but MU-MIMO is not prevented). 
Rank adaptation: When rank 1 is selected by the eNB, signalling indicates which of the set of possible DRS is used for the transmission. This could give better performance for MU-MIMO, since it would allow the DRS for two different UEs to be distinguished both spatially and by FDM/TDM or CDM (whichever is selected).
CSI Feedback: UE reports PMIs and CQIs for both Rank 1 and Rank 2. This means that the eNB can select the transmission Rank and rate according to its own criteria.
Support for “Rank restriction”, where the eNB could restrict the UE to report CSI for only Rank 1 or only Rank 2, is FFS. 
Backwards Compatibility: Some simplification of Release 9 UEs may be possible if they are not required to support Release 8 single layer beamforming.
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