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By 3GPP RAN1 Meeting #106bis-e, several sets of agreements/conclusions were achieved for FeMIMO inter-cell multi-TRP enhancements. Some key ones are captured below:
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit
Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit
Conclusion
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.
· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.
Agreement
· For intercell MTRP operation, 1 additional PCI different from the serving cell PCI is supported per CC
· The additional PCI is the one associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH, per CC.
· Applicable at least for non-cross carrier QCL indication
· FFS: Cross carrier scheduling QCL indication
· RAN1 to decide on the maximum number of PCIs different from the serving cell PCI per CC and/or across all CCs that can be RRC-configured for multi-DCI based inter-cell multi-TRP
· Above should be specified by reusing R15 QCL rules as concluded in RAN1#104-e
Conclusion
Configuration of CSI-RS for mobility as QCL source for intercell MTRP operation is not supported from Rel-17 specifcation point of view
Agreement
Introduce a new RRC indicator/signalling (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signalling design is up to RAN2

Agreement
· For inter-cell mTRP , one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex , another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex 
· FFS : The association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP 
Agreement
For a CSI-RS QCLed with a neighboring cell SSB, the CSI-RS EPRE is calculated based on powerControlOffsetSS and the SSB transmission power in the neighboring cell information.
Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured  SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for  SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst
Agreement 
Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
1. X1 (Case 1)= The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
1. X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
1. Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
1. Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
1. This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)

In this contribution, further discussions on inter-cell multi-TRP enhancements are provided.

Discussion 
Number of additional PCIs
There were discussions on the number of additional PCIs, and RAN1 has decided to allow UE to report two independent values. There are still a couple of FFS to be addressed, such as additional X values and per-UE capability vs per-band capability. In general, this is related to neighbor cell measurement as well as network deployment from the network perspective, and also related to UE monitoring capability from the UE perspective. Both perspectives need to be accounted for to make this feature useful in practice.
· Per-UE capability vs per-band capability
RAN1 agreed that the capability has FR1 and FR2 differentiation. This makes sense as FR1 and FR2 may have different network deployments. FR1 TRPs may be sparse, no analog beamforming, and 3-sectored, but FR2 TRPs may be denser, with hybrid beamforming, and omni-directional.
For different frequency bands in the same frequency range, there could still be significant differences in the network deployments. For FR1, 700 MHz carrier, 1.9 GHz carrier, and C Band carriers are often associated with different TRPs and different network deployments. Their beamforming capabilities and propagation properties are different. In addition, for both the gNBs and UEs, they may use several sets of hardware (in terms of at least antenna configurations and RF components) for bands far apart in the carrier frequencies. This is more prominent for FR2 as the frequency range is even wider. 
Therefore, it seems unreasonable to mandate the same capability across all bands in a frequency range. Per-band capability reporting should be supported, though the UE can still have the degree of freedom to report the same X values for bands closer in frequency domain (e.g., bands sharing the same set of antennas and RF components).
· Additional X values
So far X values of 0,1,2,3 and 7 have been supported. Companies proposing X values based on network deployment scenarios, UE processing capabilities, and intention to cover a wide range with limited X values (e.g., 1, 4, 7 or 2, 4, 6). Given the values already supported, we note that a big gap between 3 and 7. Thus we suggest at least adding X = 5 to the supported list. We are also supportive if the group decides to add X = 4, 5, 6 for full flexibility at both the UE and network, which allows X to be 0~7 based on UE implementation.

Proposal 1: For the number of additional PCIs configured per CC:
· Support per-band capability reporting
· Support at least adding X = 5

A mixture of inter-cell and intra-cell M-TRPs and switching between them
We have pointed out in previous meetings that the deployment scenario may include both intra-cell M-TRP and inter-cell M-TRP. For example, cell 0 (represented by TRP 0) is the serving cell, TRP 1 is intra-cell with cell 0, cell 2 (represented by TRP 2) is an additional cell (inter-cell), TRP 3 is intra-cell with cell 2. Each standalone cell (cell 0 or cell 2) can be used to form an extended intra-cell resource group which comprises all the TRPs associated with that cell. In this example, 2 non-col-located resource groups are forms based on cell 0’s PCI and cell 2’s PCI. Within each resource group, the TRPs are intra-cell M-TRPs as defined in Rel-16, and their resources can be differentiated by CORESET pool indexes. Across the resource groups, the TRPs are inter-cell M-TRPs not covered in Rel-16, and their resources can be differentiated based on association/grouping via QCL/TCI association to corresponding PCIs. The inter-cell M-TRPs and intra-cell M-TRPs may not need to be supported / used by the UE at the same time, that is, the UE may switch between them based on RRC configuration or MAC indication.
If multiple additional PCIs are also supported, then each additional PCI and associated intra-cell resources form a resource group, and across different additional PCIs the resources / resource groups are considered as non-col-located. When the activated additional PCI is deactivated, all the resources in the associated resource group are deactivated, including the intra-cell M-TRP identified by CORESET pool index 1 for that additional cell. 
Proposal 2: For the scenario of a mixture of intra-cell M-TRP and inter-cell M-TRP, intra-cell resources can be differentiated by CORESET pool indexes as in Rel-16, and inter-cell resources can be differentiated by association/grouping via QCL/TCI association to corresponding PCIs.

On CORESET pool indexes
With the additional PCI and SSB configured to the UE and based on the above analysis, it is questionable whether the CORESET pool indexes are absolutely necessary for inter-cell M-TRP. The UE can link PDCCH (via PDCCH’s CORESET configuration and/or SS set configuration) as well as other transmissions/receptions to the inter-cell TRP via the QCL relation to the additional SSB, and hence the CORESET pool indexes do not need to be explicitly configured in this case. In fact, the CORESET pool index is an explicit ID used in Rel-16 to differentiate intra-cell TRPs, i.e., an alternative TRP ID or implicit TRP ID. This was necessary for Rel-16 as an intra-cell TRP does not have any ID. However, for Rel-17 inter-cell M-TRP, the inter-cell TRP already has an ID --- PCI, and there is no reason to introduce any other ID. So although it was agreed that, for inter-cell mTRP , one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex, another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex, the necessity of using CORESETPoolIndex for purely inter-cell M-TRP is not justified, and CORESETPoolIndex is redundant given the configured PCIs.
For intra-cell M-TRP scenarios, or for the mixed scenario of intra-cell M-TRP and inter-cell M-TRP (including the switching between intra-cell M-TRP and inter-cell M-TRP), CORESET pool indexes should still be used within each cell (i.e., intra-cell M-TRP) as this is fully covered by Rel-16 design. Within each cell, the resources can be differentiated by CORESET pool indexes. The CORESET pool indexes may be the same across the serving cell and additional cell, but since they are in different cells (associated with different PCIs, also including the cases of multiple additional PCIs on a carrier if supported), there should be no ambiguity. In the above example, cell 0 has CORESET pool index 0 (or absent), TRP 1 has CORESET pool index 1 when it is activated, cell 2 has CORESET pool index 0 (or absent), TRP 3 has CORESET pool index 1 when it is activated.
Proposal 3: CORESET pool index is useful for the scenario of switching between intra-cell M-TRP and inter-cell M-TRP.

Non-cross carrier QCL indication and cross-carrier scheduling QCL indication
An agreement from last meeting has "… The additional PCI … Applicable at least for non-cross carrier QCL indication … 	FFS: Cross carrier scheduling QCL indication". For scheduling related to the additional PCI, M-DCI will be utilized, that is, for the resource groups formed by the serving PCI (PCI 0) and additional PCI (PCI 1), scheduling is within each group and there is no need/advantage for cross-group scheduling, especially if the backhaul connection between the different cells / resource groups is non-ideal. For cross-carrier scheduling by an additional cell with PCI 2 collocated with the cell with PCI 1, cross-carrier scheduling can be supported without referring to PCI 1 but by legacy mechanism of CIF and so on. Only for some higher-layer signaling by RRC/MAC, the PCI 1 needs to be referred to, such as in the RRC configuration of QCL source, the activation of another additional PCI out of several candidates on a carrier.
Proposal 4: Indication of an additional PCI for same/cross-carrier scheduling is not needed.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed inter-cell multi-TRP operation. The following are proposed:
Proposal 1: For the number of additional PCIs configured per CC:
· Support per-band capability reporting
· Support at least adding X = 5
Proposal 2: For the scenario of a mixture of intra-cell M-TRP and inter-cell M-TRP, intra-cell resources can be differentiated by CORESET pool indexes as in Rel-16, and inter-cell resources can be differentiated by association/grouping via QCL/TCI association to corresponding PCIs.
Proposal 3: CORESET pool index is useful for the scenario of switching between intra-cell M-TRP and inter-cell M-TRP.
Proposal 4: Indication of an additional PCI for same/cross-carrier scheduling is not needed.
