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Introduction
In RAN1 #102e meeting, the following agreements were made: 
	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 RAN1#103e meeting, further agreements were made as below:Agreement
For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information
· Non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”
· FFS : Whether beam indication enhancement is needed in addition to QCL -info enhancement
· FFS : Whether the association is explicit or implicit

Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information

For future meetings
Consider rate matching behavior related to non-serving cell SSB.


In RAN1#104e meeting, further agreements were made as 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
Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.
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
Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e
· Option1: Indicate/associate non-serving cell PCI in the TCI state
· FFS other non-serving cell information
· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell
· FFS: how the flag is linked to non-serving cell
· Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
· FFS: Each group is associated with a CORESETPoolIndex value.
· FFS: how to link the group of TCI states to non-serving cell.
· Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …
· FFS: detailed re-indexing rule(s) of non-serving cell RSs 
· Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 
· FFS: how the indicator is linked to non-serving cell
· Note: when there is only one non-serving cell, it means the same as Option2.
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
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.

In this contribution, we discuss remaining issues on inter-cell MTRP including association of non-serving cell information with TCI state, rate matching, spatial relation and power control issues etc.
Indication/association of non-serving cell information
It has been agreed that non-serving cell information at least includes non-serving cell PCI and SSB information such as SSB time domain position, SSB transmission periodicity, SSB transmission power for inter-cell MTRP operation while other non-serving cell information are FFS. Furthermore, whether indication of these information is implicit or explicit was also discussed in RAN1#104-e. There are 5 options listed on how to indicate/associate non-serving cell information, in our view, it is mainly RAN2 scope of discussion hence should be discussed in RAN2. Generally, a simple approach would be to introduce a new RRC IE which includes all non-serving cell information which is then associated with TCI state, however it is up to RAN2 how to design the signaling. If possible, RAN1 can strive to down select one of the 5 options in RAN1#104b-e, otherwise send the list to RAN2 for their reference. Anyway, an LS to RAN2 is needed for informing them on RAN1 agreements for inter-cell MTRP operation. 
Proposal 1: Strive to down select one of the 5 options for indication/association of non-serving cell information with TCI states, send LS to RAN2 on RAN1 agreements on inter-cell MTRP operation.

QCL indication for CORESETs with common search space
It should be noted that it is also possible for the network to indicate the QCL source for the CORESETs with common search space, which is typically configured through MIB or SIBs. UE behaviour for these CORESETs should be clarified.
For example, if CORESET #0 TCI state is updated (through dedicated MAC CE signaling) to be associated with QCL source from SSB of another PCI, UE may begin to decode the SIB information of the target cell. It should be clarified whether such behavior is allowed or not in Rel-17 FeMIMO inter-cell multi-TRP operation. 
Above clarification may not be limited for CORESET #0, but also needed for CORESETs associated with type 0/1/2 search spaces. 
Proposal 2: Clarify UE behaviour when CORESETs with type 0/1/2 SS is configured/activated with TCI states associated with SSB of another PCI.

RS types and QCL types for inter-cell M-TRP operation
In RAN1#104-e, some discussion on whether to support other non-serving cell RS than SSB as QCL source happened however there were diverging views hence the discussion was postponed. Rel-15/16 specification already allows L3 measurement of non-serving cell RS like SSB and CSI-RS for mobility. In our view, besides SSB and CSI-RS for mobility, other signals such as CSI-RS for CSI/BM could also be QCL’ed with non-serving cell SSB and CSI-RS for mobility. 
Another discussion point is whether CSI-RS for mobility is allowed to be used as the QCL source. This would provide more flexibility for UE and network implementation. Discussion can be arranged in a way that prioritize SSB related enhancement. 
Proposal 3: 
· CSI-RS for mobility should be supported as the QCL source for channels/RS. 
· CSI-RS for CSI, beam management and tracking should all be allowed to be associated with non-serving cell RS for L1 inter-cell measurement.
· FFS whether specification enhancement is needed.
On rate matching of non-serving cell SSB
In RAN1#104-e, it was 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. However, following two cases are left for further discussion:
· whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB
· whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB 
gNB may configure rate matching pattern including SSB pattern(s) by implementation, hence for flexibility of implementation further restriction on rate matching behavior seems not necessary.  
Another point worth discussion is related to clarification on what “serving cell” and “non-serving cell” means in the agreement. The most straightforward way is to determine whether the PDSCH/PDCCH/RS from non-serving cell through associated TCI state.
Proposal 4: For discussion purpose, define PDSCH/PDCCH/RS from non-serving cell (PCI) as following: 
· A non-serving cell RS is one of the following (agreement till now):
· SSBs associated with the non-serving cell information;
· RS configured with TCI states associated with non-serving cell information;
· RS configured with TCI state with QCL source RS as a non-serving cell RS (including all three different kinds);
· A PDCCH/PDSCH from non-serving cell is the PDCCH/PDSCH transmitted with TCI states with QCL source RS as a non-serving cell RS. 
Proposal 5: PDSCH in non-serving cell is not rate matched around SSB from serving cell and PDSCH in serving cell is not rate matched around SSB from non-serving cell.

Spatial relation and power control enhancement for UL
UL transmission should also be enhanced to enable seamless mobility experience. For UL transmission associated with target PCI, the spatial relation and power control should both be enhanced.
The spatial relation of SRS transmission is configured through SRS-SpatialRelationInfo. It can be noticed that the following configuration is already supported for SRS for positioning. Similar configuration could also be enhanced for SRS for other purposes.
SRS-SpatialRelationInfoPos-r16 ::=      CHOICE {
    servingRS-r16                           SEQUENCE {
        servingCellId                           ServCellIndex                                       OPTIONAL,   -- Need S
        referenceSignal-r16                     CHOICE {
            ssb-IndexServing-r16                    SSB-Index,
            csi-RS-IndexServing-r16                 NZP-CSI-RS-ResourceId,
            srs-SpatialRelation-r16                 SEQUENCE {
                resourceSelection-r16                   CHOICE {
                    srs-ResourceId-r16                      SRS-ResourceId,
                    srs-PosResourceId-r16                   SRS-PosResourceId-r16
                },
                uplinkBWP-r16                           BWP-Id
            }
        }
    },
    ssb-Ncell-r16                           SSB-InfoNcell-r16,
    dl-PRS-r16                              DL-PRS-Info-r16
}
SSB-Configuration-r16  ::=          SEQUENCE {
    ssb-Freq-r16                     ARFCN-ValueNR,
    halfFrameIndex-r16                  ENUMERATED {zero, one},
    ssbSubcarrierSpacing-r16            SubcarrierSpacing,
    ssb-Periodicity-r16                 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 }   OPTIONAL, -- Need S
    sfn0-Offset-r16                     SEQUENCE {
        sfn-Offset-r16                      INTEGER (0..1023),
        integerSubframeOffset-r16           INTEGER (0..9)                                                 OPTIONAL  -- Need R
    }                                                                                                      OPTIONAL, -- Need R
    sfn-SSB-Offset-r16                  INTEGER (0..15),
    ss-PBCH-BlockPower-r16              INTEGER (-60..50)                                                  OPTIONAL  -- Cond Pathloss
}

Observation 1: SRS for positioning already supports spatial relation configured/activated targeting another PCI.
For PUCCH, its spatial relation is indicated through the following IE: PUCCH-SpatialRelationInfo. Similarly as for SRS, PCI information could be added also for its spatial relation configurations. This PCI information is applicable for the power control.
PUSCH follows the spatial relation of SRS resources, with the indicated spatial relation of another PCI UE may be able to transmit towards the target cell.
Proposal 6: Spatial relation and power control related configurations should be enhanced for SRS, PUCCH, PUSCH transmission towards target cell. 
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In this paper we discuss remaining issues for inter-cell m-TRP operation enhancement in Rel-17 eMIMO. The following observations and proposals are made.
Observation 1: SRS for positioning already supports spatial relation configured/activated targeting another PCI.
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Proposal 1: Strive to down select one of the 5 options for indication/association of non-serving cell information with TCI states, send LS to RAN2 on RAN1 agreements on inter-cell MTRP operation.
Proposal 2: Clarify UE behaviour when CORESETs with type 0/1/2 SS is configured/activated with TCI states associated with SSB of another PCI.
Proposal 3: 
· CSI-RS for mobility should be supported as the QCL source for channels/RS. 
· CSI-RS for CSI, beam management and tracking should all be allowed to be associated with non-serving cell RS for L1 inter-cell measurement.
· FFS whether specification enhancement is needed.
Proposal 4: For discussion purpose, define PDSCH/PDCCH/RS from non-serving cell (PCI) as following: 
· A non-serving cell RS is one of the following (agreement till now):
· SSBs associated with the non-serving cell information;
· RS configured with TCI states associated with non-serving cell information;
· RS configured with TCI state with QCL source RS as a non-serving cell RS (including all three different kinds);
· A PDCCH/PDSCH from non-serving cell is the PDCCH/PDSCH transmitted with TCI states with QCL source RS as a non-serving cell RS. 
Proposal 5: PDSCH in non-serving cell is not rate matched around SSB from serving cell and PDSCH in serving cell is not rate matched around SSB from non-serving cell.
Proposal 6: Spatial relation and power control related configurations should be enhanced for SRS, PUCCH, PUSCH transmission towards target cell.
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