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1 Introduction
In RAN1 #59bis, a way forward is proposed by Mr. Chairman to

“

· Aim to identify how many PMI-type reports the UE should be configurable to transmit and for which scenarios. 
”

In this contribution, we try to provide Samsung’s answer to this particular question and share our thoughts on this particular issue. To be specific, we view multiple rank/PMIs and CQIs as efficient means to provide feedback support to enhance dynamic switching between SU-MIMO and MU-MIMO in Rel-10.
2 Multiple Rank/PMIs and CQIs feedback
It will be ideal that only one PMI-type report needed in Rel-10 to support dynamic switching between SU-MIMO and MU-MIMO. If we allow only one PMI-type report in Rel-10, the candidate has to be Rel-8 type of SU-MIMO feedback since it provides efficient support for SU-MIMO. Then the question is why we need additional PMI-type report other than Rel-8 type SU-MIMO feedback?

The partial answer to this question can be found in [1] where a set of issues related to utilizing Rel-8 type SU-MIMO feedback for MU-MIMO operation are listed. 
A next question is even with though issues, can we still use one PMI-type report? The answer is: Yes. Reusing the functionalities of the codebook subset restriction in Rel-8, we are able to dynamic switch between SU-MIMO and MU-MIMO. This can be achieved by network semi-statistically configuring the feedback rank upto 2 using the bitmap parameter codebookSubsetRestriction. However, by doing this we are actually performing dynamic switching between SU-MIMO upto rank 2 together with MU-MIMO operation upto rank 2. Note that it is always trivial to perform SU-MIMO and MU-MIMO dynamic switching for the same rank (MU-MIMO feedback can always be used for SU-MIMO operation). The above mentioned method is nothing but forcing the UE to perform MU-MIMO preferred feedbacks. In the network where different UEs have different quality of service requirements, this is kind of too restrictive since some of the UEs may want to benefit from both higher rank SU-MIMO and MU-MIMO operations.

Alternatively, two PMI-type reports can be configured to provide flexibility to switching between higher rank SU-MIMO and upto rank 2 MU-MIMO. To be specific, the first PMI-type is the Rel-8 type SU-MIMO CQI/PMI/RI feedback to provide efficient feedback support for high rank SU-MIMO and the other PMI-type is modified Rel-8 type SU-MIMO CQI/PMI/RI feedback to provide efficient support for low rank SU-MIMO as well as upto rank 2 MU-MIMO.  
Candidates for the other PMI-type feedback are proposed by many companies as a potential feedback candidate in support of both SU-MIMO and MU-MIMO. To be specific, the major candidates are 
· best companion PMI(s) feedback for intra-cell MU-MIMO operation [2-4]

· multiple rank 1 PMI(s) feedback for intra-cell MU-MIMO operation [5, 6]

In best companion PMI(s) feedback, other than the traditional SU-MIMO PMI, a UE reports also one or more “best-companion” PMI that (when used) create little intra-cell interference to the reporting UE. This so-called “best-companion” PMI effectively tells the network about the null-space of the channel linking the reporting UE. 
In multiple rank 1 PMI(s) feedback in [5], a UE feeds back two recommended SU-MIMO PMIs to the network, i.e. the 1st best and 2nd best SU-MIMO PMIs. The 2nd best PMI is used for user paring and MU-MIMO precoding when the 1st best PMIs are collided. In [6], a UE feeds back multiple rank 1 PMIs corresponds to different eigen-directions of the channel.  Effectively in this class of feedbacks, multiple PMIs are used to better describe the signal space of the channel linking the reporting UE. A generalization of this approach is to use rank-restricted PMI/CQI/RI feedback with methods to improve feedback accuracy discussed in [7].
It is interesting to note that both of the classes of the candidates have some commonalities

· Both candidates focus on low rank feedback in supporting MU-MIMO operation. Even when the link between the targeted UE and the network is good, in order to perform MU-MIMO operation, low rank CQI/PMI/RI will be needed instead of high rank CQI/PMI/RI feedback. Some detailed discussion about the reasoning can be found in [1].

· Both candidates focus on providing finer granularity of the spatial information under MU-MIMO hypothesis. That is, when channel is good, without MU-MIMO hypothesis, UE will tend to feedback high rank SU-MIMO report which is difficult to be utilized for MU-MIMO. However, under MU-MIMO hypothesis, UE will feedback low rank report with finer granularity as suggested by both of the candidates. And both of the candidates target to provide finer resolution for the low rank feedback. 
From the observations it is clear that two PMI-type reports are needed for different transmission hypothesis. However, these two PMI-type reports can be very similar since in the case of rank restricted feedback to support MU-MIMO, PMI-type for MU-MIMO hypothesis is just a codebook subset restricted version of the Rel-8 type of SU-MIMO feedback. In order to perform dynamic switching of upto 8 layers spatial multiplexing of SU-MIMO and upto 2 layers spatial multiplexing of MU-MIMO, it is recommended to time multiplex these two PMI-type reports to accommodate dynamic service requirements at different UEs. The details of the time multiplexed feedback framework can be seen in details in [1].
3 Conclusion
In this contribution, we aim to identify “how many PMI-type reports a UE should be configurable to transmit and for which scenarios” as requested by Mr. Chairman. To be specific, we believe that 

· Two PMI-type reports are needed for providing efficient support for both SU-MIMO and MU-MIMO operation. 

· Time multiplexing these two PMI-type reports will provide efficient support for dynamic switching between SU-MIMO and MU-MIMO.
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