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Introduction
In RAN1#86, the following agreements were made regarding CSI acquisition framework, explicit CSI feedback, RS designs and number of orthogonal ports for DL DMRS. In this contribution, we discuss the possible number of orthogonal ports for DL DMRS and contents of CSI reporting.

	Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· The explicit CSI feedback methods should be studied in NR
· Feedback of channel covariance matrix
· Feedback of channel matrix 
· Feedback of  channel eigenvector
· Both quantized and unquantized/analog feedback
· Other methods are not precluded

Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing



Advantages of 16-layer multiplexing for MU-MIMO
 In [2], analytical results are shown to demonstrate the advantages brought by 16-layer multiplexing. It is shown that 20Gbps and 30bps/Hz, target peak data rate and spectral efficiency for NR [3], can be achieved. In a crowed environment, simultaneous 16 layer multiplexing can be considered for efficient MU-MIMO operation. In addition, for the scheduling purpose, it may be more advantageous to have orthogonal ports than designed number of UEs. For example in Rel. 13 SU-MIMO, 8 orthogonal ports are provided for DMRS. For MU-MIMO, up to 4 UEs can be multiplexed, having orthogonal DMRS.
The scheduler may need CSI from large number of UEs, and select a group of UEs which are suitable for MU-MIMO. The suitability will depend on quality of CSI, UE densities and multiplexing method implemented at the base station. Thus, for the scheduling purpose, it may be desirable to have at least 16 orthogonal DL-DMRS ports.

Proposal 1: Support at least 16 orthogonal DL DMRS ports for MU-MIMO

Remarks about CSI report and SRS
 As agreed in RAN1#86, both implicit and explicit CSI report could be fed back to BS from UE. For MU-MIMO operation, explicit CSI report is crucial and it should be obtained periodically from all UEs. 



[bookmark: _Ref463042605]Figure 1 CSI report and SRS transmission

Proposal 2: Consider a CSI acquisition framework that supports frequent CSI-RS feedback from UEs

 Another effective solution for achieving 16-layer transmission for MU-MIMO is reciprocity. Both DL and UL channels can be estimated by taking advantage of reciprocity through SRS. Thus, depending on availability of reciprocity, CSI report from UEs can be turned off or only low bandwidth information such as CQI can be fed back to BS. An example of  receiving SRS and CSI report simultaneously is illustrated in Figure 1. The following options are possible: 

1. If full reciprocity is available, turn off CSI report and rely on SRS for CSI, as illustrated in Figure 2
2. If partial reciprocity is available, use both CSI report and SRS for CSI
3. [bookmark: _GoBack]If no reciprocity is available, use CSI report

Proposal 3: Consider a CSI acquisition framework that supports frequent SRS feedback from UEs

Proposal 4: Depending on the availability of reciprocity, CSI report can be reduced to CQI report



[bookmark: _Ref463042547]Figure 2 SRS transmission only

Conclusion
From the analysis presented in this contribution, we make the following proposals.

Proposal 1: Support at least 16 orthogonal DL DMRS ports for MU-MIMO
Proposal 2: Consider a CSI acquisition framework that supports frequent CSI-RS feedback from UEs
Proposal 3: Consider a CSI acquisition framework that supports frequent SRS feedback from UEs
Proposal 4: Depending on the availability of reciprocity, CSI report can be reduced to CQI report
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