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1 Introduction
In RAN1#88 meeting, the following agreement for DM-RS design for MU-MIMO was reached:

	Working assumption:

· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations


In this contribution we provide recommendation on control signalling design for DM-RS antenna ports indication to support MU-MIMO with up to 12 MIMO layers.
2 Discussion
In [1], it was observed that the maximum number of MIMO layers at TRP required for MU-MIMO operation depends on the various factors such as the maximum number of TXRUs employed at the TRP, traffic loading, coverage area of TRP, scheduling scheme, etc. It was also observed that the probability of using 12 or more DM-RS antenna ports at TRP is not very high and beneficial only for the specific scenario of MU-MIMO transmission from TRP with very large number of TXRUs and in the presence of very high traffic load. 
It should be noted that support of DM-RS antenna port indication for the UE from the larger set of orthogonal DM-RS antenna ports, e.g. 12, would require provision in DCI of very large number bits. However, in most of the cases, not all of the supported in DCI DM-RS antenna port combinations would be used in the practice. In this case support of DM-RS antenna port indication always assuming the maximum of 12 DM-RS antenna ports in MU-MIMO is not desirable and some overhead reduction scheme in the downlink control signalling should be considered for NR. 
For example, the number of bits used for the DM-RS antenna port indication can be reduced by considering multiple values of the total orthogonal DM-RS antenna ports in MU-MIMO, e.g. maximum of N = 4, 8 and 12, where the actual value of N can be indicated to the UE using higher layer signalling. As a special case, UE may be configured with N = 0 to support DM-RS antenna port indication for SU-MIMO with minimum DCI signalling overhead. Summarizing discussion above the following proposals can be made:
Proposal:

· Downlink control signalling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna ports, e.g. N = {0, 4, 8, 12}, where 0 corresponds to the special case of DM-RS antenna port indication supporting SU-MIMO only.
· The maximum number of DM-RS antenna ports N in MU-MIMO, can be indicated to the UE using RRC signalling

It should be noted that orthogonal DM-RS antenna ports can be also used for scenarios with dynamic TDD where orthogonal multiplexing of the DL and UL DM-RS antenna ports can be used to improve the channel estimation performance in the presence of the cross-link interference. To support such scenario, orthogonal DM-RS antenna ports for MU-MIMO can be subdivided into multiple DM-RS antenna port groups, where each DM-RS antenna port group can be associated with DL or UL transmission to the UE.
Proposal:

· NR supports DM-RS antenna port grouping, where each group of DM-RS antenna port can be associated at the UE with DL and UL transmission
In the multi-point scenarios with dynamic TRP switching of the PDSCH transmission and PUSCH reception, dynamic switching of DM-RS sequences should be also supported. Considering that different TRPs may use different VCIDs to generate DM-RS sequence, DCI should support fields capable of dynamic switching between multiple VCIDs values.  
Proposal:

· NR supports dynamic switching between two or more VCIDs configured for DM-RS antenna ports in DL and UL
Summary
In this contribution we provide recommendation on control signalling design for DM-RS antenna ports indication to support MU-MIMO with up to 12 MIMO layers. Based on the discussion the following proposals were made:
· Downlink control signalling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna ports, e.g. N = {0, 4, 8, 12}, where 0 corresponds to the special case of DM-RS antenna port indication supporting SU-MIMO only.

· The maximum number of DM-RS antenna ports N in MU-MIMO, can be indicated to the UE using RRC signalling

· NR supports orthogonal DM-RS antenna port grouping, where each group of orthogonal DM-RS antenna port can be associated at the UE with DL and UL transmission
· NR supports dynamic switching between two or more VCIDs configured for DM-RS antenna ports in DL and UL
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