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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 Rel-15, RAN1 had reached several agreements related to multi-TRP/panel transmission:

RAN1#89
Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

RAN1#90
Agreements:
· 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
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

As a working assumption was made in RAN1#90, we think it is reasonable and should be confirmed first for ease of control signalling design. The two PDCCH case was originally motivated by consideration on non-ideal backhaul between TRPs. In NR, up to 4 layers can be used in a transmission for a single transport block. If a gNB schedules a 4 layer transmission from two TRPs to a UE at the same time, then the UE will receive data for 8 spatial layers. From that, restricting 2 CWs over the scheduled NR-PDSCHs does not constitute much of a constraint. 
Proposal 1: A UE expects at most a total of 2 CWs over the scheduled NR-PDSCHs in a single slot.
In the following sections, we provide our views on downlink control signalling related issues considering the support of multi-TRP transmission.  
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. 
For URLLC, the consideration may be different and whether a PDCCH scheduling two codewords from two TRPs can be transmitted from either TRP can be further studied. 

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 

In Rel-16, TCI state definition may need to be modified so transmission from two TRPs is handled. Since this issue also exists for multi-beam transmission from multi-panels, RAN1 should seek for a unified solution for both multi-panel and multi-TRP transmission. A possible way-forward is to treat multi-beam transmission from panels on either the same TRPs or on different TRPs as individual TRPs and apply a unified method for the QCL indication. We present more analysis in our companion paper [4].
Proposal 3: Treat multi-beam transmission from panels on either the same TRPs or on different TRPs as individual TRPs for QCL indication. 
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.
Total number of MIMO layers transmitted to the same UE in multi-TRP/panel operation

For the non-ideal backhaul case with two DCIs, due to different level of non-ideal backhaul delay and different level of coordination among TRPs, it is possible that the total number of PDSCH layers from two TRPs exceeds UE’s capability. A simple solution with no spec impact is up to UE’s implementation to handle this case. For example, UE may skip the decoding of one codeword and feedback NACK for that codeword. Network can know what UE does by checking the status of receiving ACK/NACK. We also note that it is possible that the UE fails to decode one of the two PDCCHs.
Proposal 6: Total number of MIMO layers in multi-TRP/panel transmission is bounded by UE capability. It’s up to UE’s implementation when the total number of MIMO layers exceeds UE’s capability. 
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: A UE expects at most a total of 2 CWs over the scheduled NR-PDSCHs in a single slot.

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: Treat multi-beam transmission from panels on either the same TRPs or on different TRPs as individual TRPs for QCL indication. 

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.

Proposal 6: Total number of MIMO layers in multi-TRP/panel transmission is bounded by UE capability. It’s up to UE’s implementation when the total number of MIMO layers exceeds UE’s capability. 
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