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1 Introduction 
Due to scope reducing in RAN#77, multi-TRP/panel related discussions and agreements are not captured in Rel-15 specifications. However, it was agreed in RAN1#93 that Rel-15 agreements of supporting multi-TRPs/panels/beams related to e.g. DMRS/PTRS/TCI states can be a starting point for future discussions. In RAN#80, a new WI on NR MIMO enhancement was approved, and enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul will be discussed in Rel-16. In this contribution, we discuss some possible enhancements related to multi-TRP/panel transmissions. 
2 Discussion
2.1 Multi-TRP transmission schemes
Although multi-TRP related agreements are not captured in specification, it is reasonable to discuss possible enhancements based on these agreements as a starting point. In RAN1#89, there are two schemes agreed for multi-TRP/panel transmission:

· Scheme 1: Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Scheme 2: Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
While 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. 
Scheme 1 implies multi-TRP transmission with ideal backhaul or multi-panel transmission from the same TRP. Single NR-PDCCH schedules single NR-PDSCH with multiple DMRS groups. Multiple DMRS groups are introduced to provide QCL sources for the subset of DMRS ports used to receive NR-PDSCH layers transmitted from different TRP/panels.

Scheme 2 is related to multi-TRP transmission with non-ideal backhaul. Multiple independent NR-PDCCHs, each schedules a respective NR-PDSCH, are transmitted from separate TRPs. Such independent scheduling doesn’t require dynamic coordination between TRPs.
It is proposed to first agree to support these two schemes for multi-TRP/panel transmissions in Rel-16. Other schemes such as multiple NR-PDCCHs schedule the same NR-PDSCH to increase NR-PDCCH robustness or single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly for enhancing NR-PDSCH reliability can be further discussed.
Regarding the reception of multiple NR-PDCCH case in scheme 2, it was agreed in RAN1#90 that maximum number of NR-PDCCH 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. Considering UE complexity, it is proposed to confirm this agreement in Rel-16.

Proposal 1: Support at least the following two multi-TRP/panel transmission schemes:
· 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
Proposal 2: Confirm the following agreement made in Rel-15:

· 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.

2.2 Single NR-PDCCH based
For the case of single NR-PDCCH based (scheme 1) multi-TRP/panel transmission, a single DCI is used to schedule an NR-PDSCH, where separate layers are from separate TRP/panels. Since a single NR-PDSCH is scheduled, maximum number of codewords and layers should be the same as single TRP case, which is 2 and 8, respectively. In current specification, a single codeword can be scheduled up to 4 layers. Thus, when total number of layers is smaller or equal to 4 for multi-TRP/panel transmission, single codeword will be used. In this case, a single MCS is signaled to UE, which implies the SINR differences between layers from multi-TRP/panel transmission cannot be addressed. Such performance limitation and tight backhaul requirement motivates to keep the single NR-PDCCH based multi-TRP/panel transmission simple from specification perspective. Hence, it is proposed to reuse the same DCI format as the single TRP case to support single DCI scheduling NR-PDSCH layers from multi-TRP/panel, which can also reduce the UE detection complexity.
Proposal 3: Aim to reuse the same DCI format as the single TRP case to support single DCI scheduling NR-PDSCH layers from multi-TRP/panels.
To support single NR-PDCCH based multi-TRP/panel transmission, DMRS group feature is required since multiple DMRS groups are used to indicate the QCL assumptions for the subset of DMRS ports used to receive NR-PDSCH layers transmitted from different TRP/panels. Based on current QCL framework, each TCI state corresponds to one or two RSs in a RS set for QCL assumption. This framework can be extended so that a TCI state can corresponds to multiple RS sets, and each RS set indicates the QCL assumption of a DMRS group. Other details such as DMRS port to DMRS group mapping and the default QCL assumption when time offset between DCI and the corresponding PDSCH is smaller than the threshold requires further study. In addition, each DMRS group should be associated to one PT-RS port if PT-RS is configured as agreed in RAN1#91.
Proposal 4: TCI state definition is extended to refer to one or two RS sets. Each RS set indicates a QCL relationship for a DMRS group.

Proposal 5: Each DMRS group should be associated to one PT-RS port if PT-RS is configured.
Another issue is CSI feedback enhancement. Considering two DMRS groups reception, the corresponding CSI feedback can consider composite CQI and rank selection under the assumption of multi-TRP/panel transmission. To achieve this, CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
Proposal 6: CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
2.3 Multiple NR-PDCCH based
For the case of multiple NR-PDCCH based (scheme 2) multi-TRP/panel transmission, multiple CORESETs, each corresponds to one NR-PDCCH, should be configured. In addition, it is possible multiple NR-PDCCHs are received in the same slot. Hence, it is expected that the blind detection complexity is increased in this scheme. Limitation on the maximal number of blind decodes can be considered.
In case of overlapping NR-PDSCH allocation, since scheduling is supposed to be determined independently among TRPs, limitation on maximum number of codewords and layers, and DMRS ports allocation coordination should be considered. For maximum number of codewords, we think in case the maximum number of NR-PDCCH is two, one codeword for each NR-PDCCH is a reasonable limitation. Since one codeword can support up to 4 layers, supporting more than one codeword for each NR-PDCCH seems unnecessary. If a UE can support such high rank transmission, single TRP transmission might be more appropriate. Maximum number of supported layers is UE capability. To avoid exceeding UE capability when performing multi-TRP transmission, some kind of semi-static rank scheduling information exchange between TRPs can be considered. Similarly, DMRS ports allocation also requires coordination between TRPs to avoid same DMRS port allocation in case of overlapping NR-PDSCH allocation.
Proposal 7: Consider limit the number of codeword to one per NR-PDCCH for multiple NR-PDCCH based multi-TRP/panel transmission.
Proposal 8: Consider introducing semi-static scheduling information exchange such as rank and DMRS port allocation between TRPs.

3 Conclusion

In this contribution, we have discussed the potential enhancements of multi-TRP/panel transmission, and we have the following proposals. 
Proposal 1: Support at least the following two multi-TRP/panel transmission schemes:

· 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
Proposal 2: Confirm the following agreement made in Rel-15:

· 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.
Proposal 3: Aim to reuse the same DCI format as the single TRP case to support single DCI scheduling NR-PDSCH layers from multi-TRP/panels.
Proposal 4: TCI state definition is extended to refer to one or two RS sets. Each RS set indicates a QCL relationship for a DMRS group.

Proposal 5: Each DMRS group should be associated to one PT-RS port if PT-RS is configured.
Proposal 6: CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
Proposal 7: Consider limit the number of codeword to one per NR-PDCCH for multiple NR-PDCCH based multi-TRP/panel transmission.
Proposal 8: Consider introducing semi-static scheduling information exchange such as rank and DMRS port allocation between TRPs.
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