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1 Introduction
NR-MIMO enhancement has been approved as Rel-16 WID [1] in RAN#80 meeting, with updated scope [2] approved in RAN#81. The objectives related to multi-TRP/panel transmission are listed here for reference:

· 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 addition, several remaining issues before deprioritizing multi-TRP operation in Rel-15 were collected in [3].

In RAN1#94bis, we have the following agreement for further down-selection:

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 our view Alt0 is a more reasonable approach for Rel-16 development. Rel-15 LTE has already set a good reference for single-PDCCH design for the supporting of NCJT. Multiple PDCCH design needs to consider a broader scope of various use cases than that in single-PDCCH design, at least for both ideal backhaul and non-ideal backhaul. It would be easier to design multiple-PDCCH after the single-PDCCH design becomes mature. 

Proposal 1: For eMBB multi-TRP/panel transmission, support only single PDCCH design. Multiple PDCCH design is FFS in Rel-16.

Although we think single-PDCCH should be considered first, in the following sections we still include our views on multiple-PDCCH design. 
2 Downlink control signalling related issues
PDCCH monitoring with Single PDCCH case
To avoid excessive UE blind detection complexity, the single PDCCH scheduling two codewords from two TRPs is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH. 
Proposal 2: the single PDCCH scheduling two codewords from two TRP is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH.
QCL indication 

For the “single NR-PDCCH schedules single NR-PDSCH with separate layers from separate TRPs” scenario, QCL indication framework needs to be extended to support indicating more than one TRPs. In Rel-15, it was agreed to support one or two RS sets for QCL indication purpose. Thus, the extension can start from indicating two QCL assumptions for two separate TRPs.

For different panels from a same TRP, their QCL assumptions can be made the same or different, depending on NW implementation. Without loss of generality, for multi-beam operation, different panels should be considered as TRPs and UE does not differentiate panels from same TRP or from different TRPs. 

To extend a QCL indication to include one or two RS sets, three alternatives are possible:

1. Via RRC configuration: allowing a TCI state to include one RS set or two RS sets. However, the number of TCI states scales exponentially with this method. For example, if we have 16 one-RS-set-TCI states, we need 256 two-RS-set TCI states to cover all possibilities.

2. Via MAC-CE combining: allowing multiple TCI states to be mapped to a same DCI code point in MAC layer. Because of lower latency compared to RRC configuration, NW can combine TCI states only when the combination is meaningful for a UE, instead of providing all combinations beforehand as in Alt 1.

3. Via DCI signaling: allowing multiple TCI states indication in DCI. This would increase the length of bit field for QCL indication linearly with the number of panels/TRPs. On the other hand, this alternative also possess the advantage that not all combinations are provided to UE beforehand.

Based on the above analysis, we have the following proposal.

Proposal 3: to extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) extend corresponding DCI bit field to include multiple TCI states.

Resource allocation for multiple TRPs transmission
1) Single NR-PDCCH schedules single NR-PDSCH
To simplify the design effort and reduce the signalling overhead in PDCCH, we propose to constrain that all layers from different TRPs should occupy the same resources. Following this constraint, we need to further assume that TRPs operate in same CC should also operate in the same BWP, otherwise the indication of resource allocation becomes complicated. It is also difficult for UE implementation to handle the situation with PDSCHs occupying different BWPs. Thus we suggest to preclude the scenarios with non-identical BWPs.
Proposal 4: Only one field for resource allocation for multiple-TRP transmission within one PDSCH. Layers transmitted from TRPs are with identical resource allocation. A UE expects that all PDSCH layers are transmitted within identical BWP.
2) Two PDCCHs schedule two PDSCHs
In the two PDCCH case, PDSCHs from different TRPs may not occupy same resources. Without introducing any constraints, TRPs operating in same CC may operate in different BWPs on TRPs. It is difficult for UE implementation to handle the situation with PDSCHs occupying different BWPs. Again we suggest to preclude the scenarios with non-identical BWPs, and it is up to network’s implementation to handle this case by proper configurations and scheduling.  

Proposal 5: A UE expects that two PDSCHs scheduled by two PDCCHs are with identical BWP.
3 Conclusion

In this contribution we provide our views on downlink control signalling related issues considering the support of multi-TRP transmission. We have the following proposals:

Proposal 1: For eMBB multi-TRP/panel transmission, support only single PDCCH design. Multiple PDCCH design is FFS in Rel-16.

Proposal 2: the single PDCCH scheduling two codewords from two TRP is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH.
Proposal 3: to extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) extend corresponding DCI bit field to include multiple TCI states.

Proposal 4: Only one field for resource allocation for multiple TRPs within one PDSCH. Layers transmitted from TRPs are with identical resource allocation. A UE expects that all PDSCH layers are transmitted within identical BWP.

Proposal 5: A UE expects that two PDSCHs scheduled by two PDCCHs are with identical BWP.
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