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1. Introduction

The new WID [1] for NR MIMO in Rel-16 was agreed in RAN #80 meeting. The enhancement on multi-TRP and multi-panel transmission can be considered in Rel-16 from the following aspects:

· 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

In this contribution, we discuss the enhancement on downlink control signaling, uplink control signaling and reference signal to efficiently support non-coherent joint transmission with ideal and non-ideal backhaul.
2. Discussion
2.1. On the scope of enhancement for multi-TRP/multi-panel
In current description in WID for enhancements on multi-TRP/panel transmission, it is unclear whether the enhancements need to be specified for both FR1 and FR2. For FR1 and FR2, the enhancement contents can be very different.
· For FR1, only single panel can be assumed at UE, and beam management (e.g. TCI) to support multi-TRP/panel transmission is not needed. Some solutions to avoid PDCCH/PDSCH collision and reasonably schedule the UCI for different TRPs are needed, e.g. UCI multiplexing. However, the enhancements for this scenario had been studied for a long time in LTE in multiple releases. It should be carefully discussed whether it is worth to further spend much time on this scenarios.
· For FR2, if multiple panels are assumed at UE, the UE can receive PDSCH from different TRP/panels simultaneously via different panels, and the UCI for different TRPs/panels can also be independently transmitted from different panels without collision. Multi-TRP/panel transmission could be supported via simple extension from one link to two links with some enhancements on beam management. However, without multi-panel assumption at UE, the UE can only receive the signal from one TRP/panel at a time, and the gain of NC-JT would be decreased. 
It should be firstly clarified that whether the enhancements on FR1 and FR2 are both included in the scope, and whether to specify enhancement on multi-TRP/panel transmission for UE with single panel for FR2. Rel-16 should only focus on scenarios with significant benefits considering the TUs are very limited for this WID.

On the other hand, it is unclear whether the “multi-TRP/panel transmission” only includes DL multiple-TRP/panel transmission, in which case enhancements to support UL multiple panel transmission are completely precluded. Even if it is the common understanding, the A/N and/or CSI to support DL NC-JT may still be transmitted from multiple panels. Without support of multi-panel transmission for UCI, the efficiency of NC-JT would be reduced. To support UL multi-panel transmission,  some enhancements on DL control signaling and RS may be needed.
Proposal 1: Clarify the following aspects to make the scope of multi-TRP/panel clear:
· Whether enhancements on both FR1 and FR2 are specified? If yes, whether to respectively specify enhancement for FR1 and FR2?

· Whether to support multi-TRP/panel transmission for UEs with single panel and UEs with multiple panels? If yes, whether to respectively specify enhancement for the two UE capability?

· Whether to specify DL control signaling and RS enhancement for UL multiple panel transmission?
2.2. Potential enhancement on downlink control signaling
During the discussion of Rel-15 NR MIMO, there were some agreements on multi-TRP/panel transmission, which can be the starting point for the discussion in Rel-16. Based on the agreements, the following enhancements can be studied to support DL non-coherent joint transmission:
· To support simultaneous transmission from multiple TRPs/panel, single DCI based scheduling with multiple DMRS port groups and/or multi-DCI based scheduling for independent PDSCHs can be considered. The former can be applied with ideal backhaul while the latter with ideal or non-ideal backhaul. For multi-DCI based scheduling, UEs need to monitor possible two DCIs and corresponding PDSCHs in the same slot, which may be respectively received in different panels.
· Since multiple PDCCHs and PDSCHs can be simultaneously transmitted from different TRPs/panels, the possible collision and interference between co-scheduled PDSCH/PDCCH may be an issue. For ideal backhaul, cooperation among TRPs can fully avoid the collision case. For non-ideal backhaul, timely scheduling cooperation may not be available. If the PDCCHs/PDSCHs are received in different panels using different beams, the interference can be significantly reduced. 

· For single DCI based scheduling, different DMRS port groups can be transmitted from different TRPs/panels with different channel quality. The current CW to layer mapping mechanism may lead to CQI mismatch if one CW is mapped to two DMRS port groups from different TRPs/panels. Evaluation results are needed to see if new CW to layer mapping scheme is needed. Nevertheless, it is not expected to introduce more than 2 CWs considering the specification impact and feedback overhead.
· If multiple DMRS port groups are introduced, the signaling to indicate port grouping and TCI state for each DMRS port group is needed. Furthermore, additional signaling may also be introduced to configure PTRS for each DMRS port group.
Proposal 2: The following study aspects can be considered as potential enhancements on downlink control signaling to support non-coherent joint transmission:
· Single DCI/PDSCH based and multi-DCI/PDSCH based scheduling scheme
· Collision issue of co-scheduled PDCCH/PDSCH

· Potential enhancement on CW to layer mapping

· Signaling for multiple DMRS groups, e.g. TCI state indication, associated PTRS etc.
2.3. Potential enhancement on UL control signaling

For NC-JT, multiple PDSCHs can be simultaneously transmitted to UE. Accordingly, some enhancements on UL control signaling may be needed to support PDSCH transmission from different TRPs/panels.
· If the ACK/NACK information of PDSCHs from different TRPs/panels needs to be reported simultaneously, how to transmit or multiplex the A/N for different TRPs/panels needs further study. With ideal backhaul, it is possible that all the A/N information is reported to one TRP (e.g. serving cell) via single PUCCH, which needs a multiplexing mechanism for the A/N information. For non-ideal backhaul, especially for multi-panel UEs, it is more efficient that A/N for different TRPs/panels is independently reported from different panels.
· To support NC-JT, the CSI for different TRPs/panels needs to be reported respectively. Typically, multiple CSI report configurations corresponding to different TRPs/panels can be configured to UE for CSI feedback. With ideal backhaul, the CSI report mechanism in Rel-15 can be fully reused and all the CSI can be reported to one TRP (e.g. serving cell). With non-ideal backhaul, similar to A/N, independent CSI report to different TRPs can be more efficient. 

· For a multi-panel UEs, if the A/N or CSI for different TRPs can be simultaneously transmitted via multiple panels and different beams, how to determine the beam for each transmission would be an issue. For example, to support a PUCCH resource transmitted from multiple panels with different beams, the current beam indication needs to be enhanced. It is FFS whether this should be discussed in the beam management section.

Proposal 3: The following study aspects can be considered as potential enhancements on uplink control signaling to support non-coherent joint transmission:

· A/N enhancement for multiple non-coherent PDSCH transmission.
· CSI feedback enhancement to support non-coherent JT

· Beam management  for A/N or CSI targeting different TRPs/panels

2.4. Potential enhancement on reference signal
If NC-JT based on single DCI (which had been agreed in Rel-15) is introduced in Rel-16, some RS enhancement is also needed. Firstly, multiple DMRS port groups should be defined for DL. Accordingly, multiple DL PTRS ports can be introduced. The discussion and conclusion in Rel-15 can be a good starting point. However, it is not expected to introduce more than 2 DMRS port groups or more than 2 PTRS ports as agreed in Rel-15. Also, more DMRS ports than that in Rel-15 (e.g. >8 layers for one UE) is also not expected considering the limited time and unclear application scenarios.

In Rel-15, with the assumption of single panel, two DL RSs cannot be transmitted simultaneously if they are not spatial QCLed or if their resources are overlapped. With multiple TRPs/panels in Rel-16, the restriction can be relieved if the two DL RSs are from different TRPs/panels. Then two DL RSs may be transmitted with different beams in overlapped resource. One potential issue is that how can UE know two DL RSs are from different or the same TRP/panel.

Proposal 4: The following study aspects can be considered as potential enhancements on RS to support non-coherent joint transmission:

· Multiple(two) DL DMRS port groups
· Multiple(two) DL PTRS ports

· Enhancement on RS multiplexing scheme for DL and potentially UL

3. Conclusion

In this contribution, we discuss the issues need to be clarified for scope of Rel-16 NR MIMO enhancement and potential enhancements to support non-coherent joint transmission. The proposals are summarized below:
Proposal 1: Clarify the following aspects to make the scope of multi-TRP/panel clear:
· Whether enhancements on both FR1 and FR2 are specified? If yes, whether to respectively specify enhancement for FR1 and FR2?

· Whether to support multi-TRP/panel transmission for UEs with single panel and UEs with multiple panels? If yes, whether to respectively specify enhancement for the two UE capability?

· Whether to specify DL control signaling and RS enhancement for UL multiple panel transmission?

Proposal 2: The following study aspects can be considered as potential enhancements on downlink control signaling to support non-coherent joint transmission:

· Single DCI/PDSCH based and multi-DCI/PDSCH based scheduling scheme
· Collision issue of co-scheduled PDCCH/PDSCH

· Potential enhancement on CW to layer mapping

· Signaling for multiple DMRS groups, e.g. TCI state indication, associated PTRS etc.
Proposal 3: The following study aspects can be considered as potential enhancements on uplink control signaling to support non-coherent joint transmission:

· A/N enhancement for multiple non-coherent PDSCH transmission.
· CSI feedback enhancement to support non-coherent JT

· Beam management  for A/N or CSI targeting different TRPs/panels

Proposal 4: The following study aspects can be considered as potential enhancements on RS to support non-coherent joint transmission:

· Multiple DL DMRS port groups
· Multiple DL PTRS ports

· Enhancement on RS multiplexing scheme for DL and potentially UL
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