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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Inter-cell multi-TRP operation shall be supported in Rel-17 based on the Rel-16 multi-DCI based multi-TRP framework. 
The following agreements were achieved in RAN1#103e[3]:
	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.




The following agreements were achieved in RAN1#104e[4]:
	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
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.




The following agreements were achieved in RAN1#104bis:
	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 specification point of view.




The following agreements were achieved in RAN1#106:
	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/signalling is not the exact PCI value
· Detailed signalling design is up to RAN2

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

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 neighbouring cell SSB, the CSI-RS EPRE is calculated based on powerControlOffsetSS and the SSB transmission power in the neighbouring cell information.



In this paper, we provide our views on the enhancement on inter-cell multi-TRP operation. 
Discussion
For the inter-cell multi-TRP scenario provided in Figure 1, Cell#1 and Cell#2 are covered by SSB signals transmitted from TRP#1 and TRP#2. TRP#1 and TRP#2 are two different gNBs configured with different PCID. SSB set#1 is transmitted from TRP#1 and is associated with PCID#1, and SSB set#2 is transmitted from TRP#2 and is associated with PCID#2. A UE is located in of the overlapping area of Cell#1 Cell#2, and the UE is served by TRP#1 and TRP#2 in multi-DCI based multi-TRP mode. However, the UE only accesses Cell#1 through the random access procedure. It means that from the UE perspective, TRP#1 is the serving cell for the UE and TRP#2 is a non-serving cell. So the UE can only obtain SSB indices from SSB set#1 associated with PCID#1, and cannot obtain SSB indices from SSB set#2 associated with PCDI#2 without decoding the system information of Cell#2.



[bookmark: _Ref47296057]Figure 1 Inter-cell multi-TRP scenario
It has been agreed that SSB from a non-serving cell can be configured as the source QCL RS for the PDCCH and PDSCH reception from a non-serving cell in multi-DCI based multi-TRP mode. In detail, Figure 2 provides an example of QCL chain configuration for DMRS of PDCCH and PDSCH transmitted from TRP#1 and TRP#2 in Figure 1. For the PDSCH/PDCCH transmitted from TRP#1, UE expects the NW configuring SSB index from SSB set#1, e.g., SSB#1-1, as the source QCL-TypeC and QCL-TypeD RS for the TRS, e.g., TRS#1-1, which is configured as QCL Type A and D for the DMRS used in PDCCH/PDSCH reception. For PDSCH/PDCCH transmitted from TRP#2, the UE expects the NW configuring SSB index from SSB set#2, e.g., SSB#2-1, as the source QCL-TypeC and QCL-TypeD RS for the TRS, e.g., TRS#2-1, which is configured as QCL Type A and D for the DMRS used in PDCCH/PDSCH reception.


[bookmark: _Ref59540259]Figure 2 QCL-chain for inter-cell multi-TRP operation
The remaining issue is how to configure the SSB from a non-serving cell as the QCL RS in the TCI state. For a UE supporting positioning, SSBs from a non-serving cell can be configured as the spatial relation info for the SRS resources used for positioning by introducing SSB-Configuration-r16/ssb-InfoNcell-r16. The same mechanism can be introduced for TCI state. An example RRC configuration of TCI state if provided in Table 1. 
[bookmark: _Ref59540419]Table 1 RRC configuration for enhanced TCI state
	[bookmark: OLE_LINK4]TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb-IndexServing                    SSB-Index
        ssb-Ncell                           SSB-InfoNcell-r16
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}




The higher layer parameter ssb-IndexServing indicates a SSB index from the serving cell, while ssb-Ncell indicates a SSB from a non-serving cell. In order to assist the UE to obtain correct SSB index information from a non-serving cell without blind decoding of system information, the necessary information of the non-serving cell can be configured by SSB-InfoNcell-r16 and SSB-Configuration-r16 by RRC signaling provided in Table 3.
[bookmark: _Ref59540955]Table 3 RRC configuration for non-serving cell’s information
	[bookmark: OLE_LINK5]SSB-InfoNcell-r16  ::=              SEQUENCE {
    physicalCellId-r16                  PhysCellId,
    ssb-IndexNcell-r16                  SSB-Index                                                          OPTIONAL, -- Need S
    ssb-Configuration-r16               SSB-Configuration-r16                                              OPTIONAL  -- Need S
}

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                  INTERGE (0..15)
ss-PBCH-BlockPower-r16              INTEGER (-60..50)                                                  OPTIONAL  -- Cond Pathloss
}



[bookmark: OLE_LINK28]Proposal 1: SSB from a non-serving cell can be directly configured in QCL-info and SSB-InfoNcell-r16/SSB-Configuration-r16 are used to provide the non-serving cell’s information for the UE to obtain the correct SSB information.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In order not to increase the UE complexity, the UE expects that the non-serving PCID configured in SSB-InfoNcell-r16/SSB-Configuration-r16 is associated with a neighboring cell that is configured in a CSI-ReportConfig containging RS resources associated with one or more non-serving cells. Furthermore, when SMTC is configured for this neighboring cell, the UE only assumes that the SSBs within the SMTC is transmitted by the cell and the SSBs outside the SMTC are not transmitted, so the configured non-serving cell’s SSB should be within the SMTC configured for this cell.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 2: The non-serving PCID configured in SSB-InfoNcell-r16/SSB-Configuration-r16 is associated with a neighboring cell configured that is configured in a CSI-ReportConfig containging RS resources associated with one or more non-serving cells.
Proposal 3: The configured non-serving cell’s SSB is within the SMTC configured for this cell.

Multi-DCI based multi-TRP UL transmission is also supported in NR Rel-16. For example, each PUCCH resource may be associated with a CORESETPoolIndex for TRP-specific HARQ-ACK and CSI reporting. In the scenario provided in Figure 1, the spatial relation and the PL-RS used for UL signals transmitted to TRP#2 should be QCLed with a SSB associated with the non-serving PCID. The similar feature has been supported for SRS resources used for positioning, where SSB or DL-PRS from a non-serving cell can be configured as the spatialRelationInfo and PL-RS for the SRS resources used for positioning. We believe this can be extended to all UL signals. For example, SSB resources from a non-serving cell or CSI-RS resources QCLed with a SSB from a non-serving cell can be configured as the spatialRelationInfo and the PL-RS for PUCCH resource and SRS resources.  The necessary information of the non-serving cell can be configured by higher layer parameter SSB-InfoNcell-r16 and SSB-Configuration-r16.
Proposal 4: SSB from a non-serving cell can be configured as the spatial relation and PL-RS for PUCCH resources and SRS resources.
As the scenario in Figure 1, SSB from the non-serving Cell#2 can be configured as the spatialRelationInfo and PL-RS for PUCCH and SRS targeting TRP2. 
Conclusion
Proposal 1: SSB from a non-serving cell can be directly configured in QCL-info and SSB-InfoNcell-r16/SSB-Configuration-r16 are used to provide the non-serving cell’s information for the UE to obtain the correct SSB information.
Proposal 2: The non-serving PCID configured in SSB-InfoNcell-r16/SSB-Configuration-r16 is associated with a neighboring cell configured that is configured in a CSI-ReportConfig containging RS resources associated with one or more non-serving cells.
Proposal 3: The configured non-serving cell’s SSB is within the SMTC configured for this cell.
Proposal 4: SSB from a non-serving cell can be configured as the spatial relation and PL-RS for PUCCH resources and SRS resources.
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