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1. Discussion on different operation modes for Multi-TRP
Previously, RAN1 has discussed multi-TRP/panel transmission enhancement in Rel-16 to support different scenarios including TRPs connected with ideal and non-ideal backhaul and TRPs from intra-cell (same cell ID) and inter-cell (different cell ID). There are several valid combinations:
· Case 1: Ideal backhaul with same cell ID
· The cell could be viewed as a system mounted with distributed antennas;
· Case 2: Ideal backhaul with different cell ID
· Different cells are co-located in the same site with ideally connected backhaul;
· Case 3: Non-Ideal backhaul with different cell IDs
· Different cells are non co-located, with non-ideal backhaul between different TRPs.
The combination of the same cell ID and non-ideal backhaul is an invalid operation mode in our understanding, which causes unnecessary specification effort to support.
Currently, it is being discussed in RAN2 which one of the following options should be adopted to support multi-TRP:
· Single cell solution
· Solutions based on CA framework
· Solutions based on DC framework
For case 2, there are companies arguing that current single cell solution does not work because current QCL chain needs a QCL source as SSB, which means that either the network should configure SSB from the second cell to be configured as QCL source for the first TRP, or CA/DC framework is supported. We have different understandings. There are two ways to handle this scenario:
· TRS from the second TRP is not connected to any SSB:
· Current spec allows TRS not associated with any SSB. “qcl-InfoPeriodicCSI-RS” is an optional field. From timing perspective, we have previous agreement that “the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows” (Annex A), UE is not necessarily to track another SSB for timing and TRS is enough for fine-time retuning within CP. From frequency offset perspective, TRS offers enough capability for offset estimation.
· TRS from the second TRP is connected to the SSB of the first TRP
· For receiver performance under such configuration, also with previous agreement that “the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows”, UE only needs to handle fine time retuning within CP and frequency offset with TRS from the second TRP.
[bookmark: _GoBack]Based on above analysis, at least for case 2 (ideal backhaul with different cell IDs), our understanding is that single cell solution is workable.
Proposal 1: Support single cell solution for ideal backhaul scenarios.
On the other hand, for case3, we think it is inappropriate to support such operation with single cell solution. At least for the following issues, single cell operation is not workable:
· For non-ideal BH, timing alignment of the DRX between TRPs would be problematic;
· For non-ideal BH, the MAC CE reporting may be problematic
· For PHR and BSR reporting, the network may need to coordinate PHR and BSR information for real time scheduling;
· For multiple TAG(s) for different TRP(s), single cell solution is also not workable;
However, the above issues are easily resolved with solutions based on DC framework. 
With above analysis, we have following proposal:

Proposal 2: Support DC based solution for non-ideal backhaul scenarios.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusions
In this contribution, we discussed different operation scenarios for multi-TRP and have following proposals: 
Proposal 1: Support single cell solution for ideal backhaul scenarios.
Proposal 2: Support DC based solution for non-ideal backhaul scenarios.
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4. Annex A

	Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96.
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