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1. Introduction
In RAN #80 meeting, a new WI on MIMO has been approved. [1] The objective for this WI is as follows.
The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)

In this contribution, we provide some discussions on RS enhancement for multi-TRP operation.
2. Discussion
For multi-TRP operation, a UE may receive downlink signal from multiple TRPs simultaneously. Those signals may be received from the same antenna panel or different antenna panels. For example, for FR1, a UE may only have a single panel, which could be omni-directional; for FR2, a UE may have multiple panels, which can target to different directions and downlink signals from different TRPs can be received from different panels. Figure 1 illustrates two scenarios for multi-TRP operation.

Figure 1: Scenarios for multi-TRP operation
For both scenarios, the phase noise from different TRPs could be different, as different TRPs may not share the same oscillator. Further the frequency offset between UE to different TRPs could be different. Hence a single port PT-RS may not be enough to track the phase shift from different links. More than 1 PT-RS ports should be supported for multi-TRP operation.
Further for multi-panel operation, a UE may receive downlink signal from multiple gNodeB panels by different UE panels. Figure 2 illustrates the scenario for multi-panel operation. 


Figure 2: Scenario for multi-panel operation
In this scenario, since different UE panels may not share the same oscillator and the frequency offset in different BPLs could be different, the phase shift observed in different UE panels could be different. To compensate the phase shifts in different BPLs, more than 1 PT-RS ports should be supported.
When more than 1 PT-RS ports is used, the association between a PT-RS port to a UE antenna port(s) group should be known by UE, where one UE antenna port(s) group can be considered as one UE panel. Otherwise, UE may use an incorrect antenna port(s) group to receive the PT-RS so that it may not be able to track the phase shift for correct BPL.
Proposal 1: To track phase shifts from different links, for multi-TRP/panel operation, more than 1 PT-RS ports should be supported.
Proposal 2: The association between a PT-RS port to a UE antenna port(s) group should be identified.
In Rel-15, it has been specified as follows that when PT-RS is present, half of DMRS ports should not be used. Then the maximum number of orthogonal DMRS ports could be 4 for DMRS type 1 and 6 for DMRS type 2. For multi-TRP operation, the rank of precoder could be larger than single-TRP operation. Hence the number of orthogonal DMRS ports could be increased when PT-RS is present. Thus from network perspective, the total number of layers for co-scheduled users could be increased.
[bookmark: _Hlk500828751]If a UE receiving PDSCH is configured with the higher layer parameter PTRS-DownlinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
Proposal 3: Number of DMRS ports can be increased when PT-RS is present in order to increase number of total layers for co-scheduled UEs.
3. Conclusions
In this contribution we have provided some discussion on RS enhancement for multi-TRP operation. From the discussion, we have achieved the following proposals.
Proposal 1: To track phase shifts from different links, for multi-TRP/panel operation, more than 1 PT-RS ports should be supported.
Proposal 2: The association between a PT-RS port to a UE antenna port(s) group should be identified.
Proposal 3: Number of DMRS ports can be increased when PT-RS is present in order to increase number of total layers for co-scheduled UEs.
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