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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
· Multi-TRP techniques for URLLC requirements are included in this WI.
In RAN1#94bis meeting, whether and how to reuse the agreements for multiple TRP transmission in Rel-15 was discussed with the following agreement for further discussion:
Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.
In this contribution, we further discuss the design on downlink control signaling, uplink control signaling and reference signal to efficiently support non-coherent joint transmission based on the above alternatives.
2. Discussion
2.1. On downlink control signaling design for multi-TRP/panel transmission
During Rel-15 discussion on multi-TRP transmission, both single PDCCH based and multiple PDCCHs based multiple TRPs transmission was agreed. In Rel-16, since the scenarios and study contents are different from that in Rel-15, whether to support both PDCCH designs should be reconsidered. 
· Multi-PDCCH based scheduling can be applied with both non-ideal and ideal backhaul. Single PDCCH based scheduling can only be applied assuming ideal backhaul. Since non-ideal backhaul is a target scenario to be considered in Rel-16, multi-PDCCH is anyhow needed to be supported in Rel-16.

· From specification aspect, multi-PDCCH based scheduling can reuse most of the design in Rel-15 for each PDCCH/PDSCH. UE only needs to support detection of multiple PDCCH/PDSCH in one symbol (and corresponding beam management). Some solutions to avoid PDCCH/PDSCH interference/collision can also be considered, for example, independent PDSCH/PDCCH/DMRS configuration for transmission from each TRP. 
· For single PDCCH based, multiple DMRS port groups and new CW to layer mapping scheme is needed for layers from different TRPs/panels. To support multiple DMRS port groups, corresponding signaling for DMRS grouping, TCI state indication and multiple PTRS ports should be considered. More specification efforts are needed for single PDCCH based scheduling, and accordingly, backward compatibility would be an issue with these enhancements. 
Considering the robustness with both ideal and non-ideal backhaul, specification effort and backward compatibility, it is preferred to study multiple PDCCH design first in Rel-16. After multiple PDCCH design is supported, if time allowed in Rel-16, or there is justified requirement for single PDCCH based scheduling, single PDCCH design can be further specified. 
Proposal 1: Prioritize multiple PDCCH design over single PDCCH design (e.g. Alt.1).
Proposal 2: If time allowed, study the following aspects as potential enhancements for single PDCCH design:

· Enhancement on CW to layer mapping

· Signaling for multiple DMRS port groups, e.g. DMRS grouping, TCI state indication, associated PTRS configuration
In Rel-15, on the number of PDCCHs/PDSCHs that can be detected by UEs, the following was agreed:

Agreements in RAN1#90:

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

In Rel-16, there is no further requirement from the WID, and the above agreement can be reused. However, since non-slot-based scheduling is also supported in Rel-15 and multiple PDCCHs/PDSCHs may be detected within one slot via multiple short PUSCHs, the wording of “in single slot” needs to be revised.
Proposal 3: At most 2 PDSCHs and 2 CWs respectively scheduled by 2 PDCCHs can be simultaneously transmitted in one CC.
2.2. Potential enhancement on UL control signaling

For NC-JT, with multiple PDCCH design, 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. Furthermore, it should be discussed whether more HARQ processes are needed to support simultaneous NC-JT.
· 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 4: The following study aspects can be considered as potential enhancements on uplink control signaling to support non-coherent joint transmission:

· A/N and HARQ 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

2.3. Potential enhancement on reference signal
If NC-JT based on single PDCCH 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 5: The following study aspects can be considered as potential enhancements on RS to support non-coherent joint transmission:

· Configuration of multiple(two) DL DMRS port groups (if single PDCCH design is introduced)
· Configuration of multiple(two) DL PTRS ports (if single PDCCH design is introduced)
· Enhancement on RS multiplexing scheme for DL and potentially UL

2.4. Enhancement for URLLC

During RAN#81 meeting, multi-TRP transmission for URLLC requirements was also include in this WID. To improve the reliability of PDCCH and PDSCH transmission, the same PDCCH and PDSCH can be transmitted from different TRPs/panels with different beams for diversity gain. To reduce the specification effort, the diversity transmission can be based on the non-coherent JT scheme designed for eMBB with some optimization for reliability. The design of non-coherent JT can consider the requirement from URLLC, and then reliability and latency requirement can be satisfied with minimal specification effort when non-coherent JT is supported in Rel-16.
Proposal 6: Support transmission of the same PDSCH/PDCCH from multiple TRPs/panels based on non-coherent JT scheme with minimal specification effort.
3. Conclusion

In this contribution, we discuss the issues need to be clarified for enhancement of multi-TRP/panel transmission and potential enhancements to support non-coherent joint transmission. The proposals are summarized below:
Proposal 1: Prioritize multiple PDCCH design over single PDCCH design (e.g. Alt.1).
Proposal 2: If time allowed, study the following aspects as potential enhancements for single PDCCH design:

· Enhancement on CW to layer mapping

· Signaling for multiple DMRS port groups, e.g. DMRS grouping, TCI state indication, associated PTRS configuration
Proposal 3: At most 2 PDSCHs and 2 CWs respectively scheduled by 2 PDCCHs can be simultaneously transmitted in one CC.
Proposal 4: The following study aspects can be considered as potential enhancements on uplink control signaling to support non-coherent joint transmission:

· A/N and HARQ 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 5: The following study aspects can be considered as potential enhancements on RS to support non-coherent joint transmission:

· Configuration of multiple(two) DL DMRS port groups (if single PDCCH design is introduced)
· Configuration of multiple(two) DL PTRS ports (if single PDCCH design is introduced)
· Enhancement on RS multiplexing scheme for DL and potentially UL

Proposal 6: Support transmission of the same PDSCH/PDCCH from multiple TRPs/panels based on non-coherent JT scheme with minimal specification effort.
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