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Introduction
In RAN-86 meeting, the work item of Further enhancements on MIMO for NR [1] was approved. It aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
In last RAN1 meeting, the following agreements were reached for inter cell Multi-TRP operations [2]:
Agreement
Study the following aspects of QCL /TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation.
· Details on configuration of non-serving cell RS;
· Allowed source and target RS types for RS transmitted from the non-serving cell TRP;
· Allowed QCL types for RS transmitted from the non-serving cell TRP ;
· Measurement and reporting related to QCL /TCI enhancement except for that in 8.1.1, if any;
· Clarification on potential UE behavior for associating/multiplexing non-serving cell RS with other RS/channels;
· Other details not precluded.
In this contribution, we discuss about the enhancement on inter-cell Multi-TRP operation.  
Inter-cell Multi-TRP operation
PDSCH repetition by Multi-TRP with intra-cell was discussed in Rel-16. While in Rel-17, the improvement of reliability and robustness for PDCCH/PUSCH/PUCCH by using multi-TRP and/or multi-panel will be discussed, as well as the inter-cell multi-TRP operations with multi-DCI based multi-PDSCH reception.
If the UE was in the coverage of two cells, it is reasonable to be served by different TRPs from different cell. That is the inter-cell multi-TRP scenario. Considering the multi-DCI based multi-PDSCH reception, UE need to monitor the search space of both serving cell and neighboring cell. In addition, UE need to perform the beam management of both serving cell and neighboring cell. It will introduce much more complexity at UE side. And it also introduce much higher signaling overhead in serving gNB which needs to indicate many information of neighboring cell to UE. Such as the neighboring cell ID, the set of TCI states of neighboring cell by both RRC signaling and MAC CE, etc.
Proposal 1: The complexity at UE side should be considered during the discussion of inter-cell multi-TRP operation.
Inter-cell beam management
In order to support the inter-cell multi-TRP operation, inter-cell beam management is necessary, which also introduces much more complexity. For UE with beam correspondence capability, it is enough to perform DL beam management or UL beam management only. But for UE without beam correspondence capability, both DL beam management and UL beam management are necessary.   
Inter-cell beam management by UE
With inter-cell beam management by UE, UE need to measure the beam management reference signals (SSB or CSI-RS) of neighboring cell and send the measurement report to the serving gNB periodically.  It will result in large complexity and signaling overhead. Especially when the beam management reference signal is UE specific CSI-RS, which need to be indicated to the UE by RRC signaling from serving gNB. Thus cell specific reference signal, i.e., SSB is more preferred for inter-cell beam measurement.
In addition, considering the UL signaling overhead, beam measurement report need to be further studied because of inter-cell beam management. Both non-group based and group based beam measurement report should be considered as a baseline. With group based beam measurement report, it is possible that in the group there are two RSs associated with serving cell and neighboring cell respectively. While with non-group based beam measurement report, it is possible to include RSs from both serving cell and neighboring cell in the report instance. And the PCI should be added into the definition of TCI state.
If inter-cell beam management by UE is supported, it is preferred to configure cell specific reference signal for beam management of neighboring cell. In this case, the signaling overhead in neighboring cell and beam management latency can be reduced. And it is also better to configure a cell specific reference signal with smaller transmission period.
Proposal 2: SSB is more preferred for inter-cell beam measurement and TCI state indication.
Proposal 3: Group based beam reporting can be used for inter-cell beam pairing.
Proposal 4: Add PCI into the definition of TCI state.
Inter-cell beam management by gNB
With inter-cell beam management by gNB, UE need not to measure the beam management reference signal. But UE need to transmit the beam measurement reference signal, such as SRS. It is preferred to reuse the SRS for other use cases if possible, for example, reuse beam management SRS for serving cell. In this case, there will be not more impact on UE side. It is the neighboring gNB that measures the beam management reference signal and send the measurement report to the UE’s serving gNB. 
Thus inter-cell beam management by both UE and gNB should be supported. And inter-cell beam management by gNB is much more preferred.
Proposal 5: Inter-cell beam management by gNB can be supported.
Multi-DCI for Inter-cell Multi-TRP operation 
For Multi-TRP based PDCCH transmission, it was agreed in RAN1-102e meeting that multiplexing schemes including TDM, FDM and SFN will be studied in Rel-17. But as noted in TS 38.213, the maximum number of monitored PDCCH candidate per slot is defined per serving cell as well as the maximum number of non-overlapped CCEs. If inter-cell Multi-TRP operation is supported, it is the sum of the number of monitored PDCCH candidates from serving cell and neighboring should be no more than the maximum number in TS 38.213 due to the same operating BWP.  While for the number of non-overlapped CCE, it is also need to limit the sum of CCEs from serving cell and neighboring cell.
Proposal 6: The sum of the monitored PDCCH candidate (non-overlapped CCEs) associated with serving cell and neighboring cell should no more than the maximum number of the monitored PDCCH candidate (non-overlapped CCEs) per slot per serving cell.
UL/DL synchronization assumptions
In Rel-16, it assumes that the time difference between DL transmissions from Multi-TRP are within CP. And from the WID, it is to identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations. Thus we should take same assumption in Rel-17, we should assume inter-cell multi-TRP are synchronized, and both DL and UL are within CP. 
Proposal 7: Take assumption that the timing difference between inter-cell multi-TRP are within CP.
Conclusion
In this contribution, we discuss about the inter-cell Multi-TRP operation. Based on above discusses, we provide the following proposals.
Proposal 1: The complexity at UE side should be considered before discussing inter-cell multi-TRP operation.
Proposal 2: SSB is more preferred for inter-cell beam measurement and TCI state indication.
Proposal 3: Group based beam reporting can be used for inter-cell beam pairing.
Proposal 4: Add PCI into the definition of TCI state.
Proposal 5: Inter-cell beam management by gNB can be supported.
Proposal 6: The sum of the monitored PDCCH candidate (non-overlapped CCEs) associated with serving cell and neighboring cell should no more than the maximum number of the monitored PDCCH candidate (non-overlapped CCEs) per slot per serving cell.
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