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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. And the WID was updated [2] in RAN#92e meeting. In this contribution, we discuss the item 2-b for inter-cell multi-TRP operation.

Configuration of cells with additional PCIs 
In RAN1#106-e RAN1 meeting, following agreement was made on the maximum number of additional RRC configured PCIs per CC.
	Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States



The SSB time domain position and periodicity assumption of additional PCIs and serving cell PCI has impact on UE measurement complexity. In addition, the same SSB time domain position and periodicity assumption between additional PCIs and serving cell PCI is a typical deployment scenario and requires low UE measurement complexity, hence, separate X values can be reported as UE capability for different SSB assumptions, e.g., for case1 and case2 below.
· Case 1: SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI
· Case 2: SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI
For case1, at least X1 = 7 can be supported. For case2, smaller maximum candidate value can be supported, e.g., X2 = 3 can be supported at least.

Proposal 1:
· Support independent X values for at least following two cases. The candidate value for Case1 can support 7 at least, and the candidate value for Case2 can support 3 at least.
· Case 1: SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI
· Case 2: SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI

For cells with additional PCI, it was agreed that the information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point. However, it is not suitable to revise based on those IEs directly for non-serving cell information configuration. There are so many cells configured in those IEs, while the number of cells with different PCIs required for MTRP inter-cell operation is limited to X. 
Hence, it is proposed to define a new/independent IE for configured cells with additional PCIs for MTRP inter-cell operation, and it can include the least needed parameters or elements from SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject, e.g., at least PhysCellId is needed in the new IE. Once a PhysCellId is indicated, many configurations for this cell can be obtained from existing configurations in SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject. And some configurations can be assumed the same between serving cell and cells with different PCIs, such as center frequency, SCS, SFN offset, etc. In addition, a new RRC indicator/signalling (e.g., re-index the non-serving cells), which has been agreed in last RAN1 meeting for TCI state configuration, can be included in the new IE for the non-serving cell indication. 

[bookmark: _Hlk60905101]Proposal 2:
· Define a new/independent IE for cells with additional PCIs for MTRP inter-cell operation. 
· At least PhysCellId is included in the IE. 
· A new RRC indicator/signaling (e.g., re-index the non-serving cells) is needed in the IE to indicate each cell with different PCI. 
· UE assumes the same center frequency, SCS, and SFN offset between serving cell and the cells with additional PCIs.

Association between PCI and CORESETPoolIndex
In RAN1#106-e meetings, following agreement was made related to association between PCI and CORESETPoolIndex .
	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 



Some companies proposed following configuration to support switching between intra-cell mTRP and inter-cell mTRP operation.
· Cell 0 (serving cell): TRP 0 and TRP 1 use CORESETPoolIndexes 0 and 1, respectively
· Cell 1 (different PCI cell): TRP 2 and TRP 3 use CORESETPoolIndexes 0 and 1, respectively
An example of inter-cell mTRP is that CORESETPoolIndex 0 is associated with TRP 0 of cell 0, and CORESETPoolIndex 1 is associated with TRP 2 of cell 1, while an example of intra-cell mTRP is that CORESETPoolIndex 0 is associated with TRP 0 of cell 0, and CORESETPoolIndex 1 is associated with TRP 1 of cell 0.
In our understanding, the association between CORESET and CORESETPoolindex is configured by RRC signalling, hence, the switching between intra-cell mTRP and inter-cell mTRP operation can be also configured by RRC signalling. In that case, NW does not need to support above configuration. NW can configure either intra-cell MTRP or inter-cell MTRP like following by RRC signalling.
· Intra-cell MTRP for cell 0 (serving cell): TRP 0 and TRP 1 use CORESETPoolIndexes 0 and 1, respectively
· Inter-cell MTRP: cell 0 and cell 1 use CORESETPoolIndexes 0 and 1, respectively

Proposal 3:
· RRC re-configuration is needed to switch between intra-cell mTRP and inter-cell mTRP.

Association between PCI and DL/UL channels
It has been agreed that TCI state of PDCCH/PDSCH can be associated with a different PCI. However, for PDCCH, we need to clarify whether CSS to a CORESET can be configured with a TCI state associated with a different PCI cell or not. At least for Type0/0A/1/2 CSS, they can be configured associated with serving cell only. For Type3 CSS, there is no need to restrict it to serving cell only. UE can also receive UE group common control signaling from a cell with additional PCI.

Proposal 4:
· UE is not expected to be configured a Type0/0A/1/2 CSS to a CORESET with a TCI state associated with an SSB having additional PCI.

In addition to TCI state configuration for DL, SSB of additional PCI can be also configured associated with UL channels/signals. For example, it is also reasonable to configure the SSB of additional PCI as PL-RS or QCL source RS with existing QCL relation for UL SRS, PUCCH, and PUSCH transmission. So that UL transmission to a different PCI cell can be enabled.

Proposal 5:
· A SSB associated with additional PCI can be configured as the RS of the spatial relation info or PL-RS for UL SRS, PUCCH, and PUSCH for MTRP inter-cell operation.

Rate matching
In RAN1#104-e meeting, following agreement was made on rate matching.
	Agreement
Agree on scheme1
· Scheme1: PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI
· FFS: whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 
· FFS: whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB



It has been agreed that PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI. But the rate matching between serving cell and cells with additional PCIs is still FFS. In our understanding, rate matching of PDSCH/PDCCH around SSB is only needed within the same cell, and there is no need to consider rate matching across cells (e.g., between serving cell and a cell with additional PCI, or between two additional PCI cells), which would decrease resource efficiency.

Proposal 6:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or a cell with additional PCI) should not be rate-matched around SSB from a cell with different PCI from the given PCI (serving cell or a cell with additional PCI).

Conclusion
In this contribution, we discussed the enhancements to support inter-cell multi-TRP operation. We have following proposals.
Proposal 1:
· Support independent X values for at least following two cases. The candidate value for Case1 can support 7 at least, and the candidate value for Case2 can support 3 at least.
· Case 1: SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI
· Case 2: SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI

Proposal 2:
· Define a new/independent IE for cells with additional PCIs for MTRP inter-cell operation. 
· At least PhysCellId is included in the IE. 
· A new RRC indicator/signaling (e.g., re-index the non-serving cells) is needed in the IE to indicate each cell with different PCI. 
· UE assumes the same center frequency, SCS, and SFN offset between serving cell and the cells with additional PCIs.

Proposal 3:
· RRC re-configuration is needed to switch between intra-cell mTRP and inter-cell mTRP.

Proposal 4:
· UE is not expected to be configured a Type0/0A/1/2 CSS to a CORESET with a TCI state associated with an SSB having additional PCI.

Proposal 5:
· A SSB associated with additional PCI can be configured as the RS of the spatial relation info or PL-RS for UL SRS, PUCCH, and PUSCH for MTRP inter-cell operation.

Proposal 6:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or a cell with additional PCI) should not be rate-matched around SSB from a cell with different PCI from the given PCI (serving cell or a cell with additional PCI).
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