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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Multi-DCI based multi-TRP PDSCH transmission has been specified in Rel-16 for intra-cell scenario, where the cooperated TRPs are within a same serving cell and share a same serving PCI. Inter-cell multi-TRP operations have been approved to be supported in NR Rel-17 FeMIMO[1].
	4. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception



The following RAN1 agreements were achieved in 
	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

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 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

Agreement
For intercell MTRP operation, downselect one or more of the following alternatives in RAN1#105-e
· Alt1: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex
· Alt2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex
· Alt3: one PCI associated with TCI states for [PDSCH]/PDCCH via QCL relationship without association with CORESETPoolIndex
Note: This agreement is not related to the down-selection of one of the 5 options from RAN1#104-e
Note: Above should be specified by reusing Rel-15/Rel-16 QCL rules as concluded in RAN1#104-e



This contribution discusses how to support the inter-cell multi-TRP operation from RAN2 perspective.
Discussion
For the inter-cell multi-TRP scenario provided in Figure 1, the UE is located in the area covered by Cell A(associated with PCID-1) and Cell B(associated with PCID-2), where Cell A is the serving cell and Cell B is a non-serving cell. The UE is served by TRP1 and TRP2 in multi-DCI based multi-TRP mode. CORESET pool 0 is configured for TRP1 and CORESET pool 1 is configured for TRP2. The UE could receive dedicated PDCCH/PDSCH from or transmit dedicated PUCCH/PUSCH to TRP2 associated with non-serving PCID-2, while still receiving system information from the serving cell A.


[bookmark: _Ref47296057][bookmark: _Ref71290855]Figure 1 Inter-cell multi-TRP scenario
Necessary enhancements on the QCL/TCI indication for dedicated PDCCH/PDSCH reception from non-serving cell B are required. It was concluded to reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel. RAN1 also 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. Figure 2 provides the example of QCL chain configuration for DMRS of PDCCH and PDSCH reception from TRP1 and TRP2. For the PDSCH/PDCCH transmitted from TRP1, UE expects the NW configuring SSB from the serving cell A as the source QCL-TypeC and QCL-TypeD RS for the TRS used for corresponding DMRS reception. For PDSCH/PDCCH transmitted from TRP2, the UE expects the NW configuring SSB from non-serving cell as the source QCL-TypeC and QCL-TypeD RS for the TRS used for corresponding DMRS reception. 


[bookmark: _Ref59540259]Figure 2 QCL-chain for inter-cell multi-TRP operation
The key issue is how to configure the SSB from a non-serving cell as the source QCL RS in the TCI state for TRS. At least the following parameters should be configured for the non-serving cell SSB
· PCI
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
For a UE supporting positioning, SSB index from a non-serving cell can be configured as the spatial relation info for the SRS resources used for positioning by introducing RRC signaling SSB-Configuration-r16 and ssb-InfoNcell-r16. The same mechanism can be introduced for TCI state. A example RRC configuration of TCI state is 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. The other information of the non-serving cell are configured by SSB-InfoNcell-r17 and SSB-Configuration-r17 by RRC signaling provided in Table 2.
[bookmark: _Ref59540955]Table 2 RRC configuration for non-serving cell’s information
	[bookmark: OLE_LINK5]SSB-InfoNcell-r17  ::=              SEQUENCE {
    physicalCellId-r17                  PhysCellId,
    ssb-IndexNcell-r17                  SSB-Index                                                          OPTIONAL, -- Need S
    ssb-Configuration-r17               SSB-Configuration-r17                                              OPTIONAL  -- Need S
}

SSB-Configuration-r17  ::=          SEQUENCE {
    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 index from a non-serving cell is configured in QCL-info, and the necessary information for the non-serving cell SSB is configured by higher layer parameter SSB-InfoNcell-r17 and SSB-Configuration-r17 provided in Table 2.

The another issue which needs to be addressed is the relationship between CORESETPoonIndex and the additional PCI. The WID clearly states that inter-cell multi-TRP operation will be specified by assuming multi-DCI based multi-PDSCH reception, therefore, two CORESET pools are expected to be configured for TRP1 and TRP2 as illustrated in Figure 1. Different CORESETPoolIndex values are configured for each CORESET pool. In mDCI mTRP, system information is transmitted from the CORESET within CORESET pool 0. It is reasonable that CORESET pool 0 is configured for the serving cell and CORESET pool 1 is configured for the non-serving cell for inter-cell multi-TRP operation. In other word, CORESET pool 0 or CORESETPoolIndex with value 0 is associated with the serving cell PCI, while CORESET pool 1 or CORESETPoolIndex with value 1 is associated additional PCI different from the serving cell PCI. By this association, Rel-16 TRP-specific configuration, e.g. activated TCI states and RateMatchPatternLTE-CRS, and separate HARQ-ACK feedback can work well with inter-cell multi-TRP scenario.
Proposal 2: In inter-cell multi-TRP operation, the CORESETPoolIndex with value 0 is associated with the serving cell PCI, while CORESETPoolIndex with value 1 is associated additional PCI different from the serving cell PCI.

Conclusion
Proposal 1: SSB index from a non-serving cell is configured in QCL-info, and the necessary information for the non-serving cell SSB is configured by higher layer parameter SSB-InfoNcell-r17 and SSB-Configuration-r17 provided in Table 2.
Proposal 2: In inter-cell multi-TRP operation, the CORESETPoolIndex with value 0 is associated with the serving cell PCI, while CORESETPoolIndex with value 1 is associated additional PCI different from the serving cell PCI.
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