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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception 

Rel. 16 mTRP enhancements only supports intra-cell operation. This is because for the case of inter-cell multi-TRP operation, SSBs of the second TRP cannot be used as a QCL source as they are transmitted with a different PCI and UE is only aware of one PCI in the serving cell. In fact, the issue was discussed even during Rel. 16, but there was not enough time to specify the required enhancements to support the inter-cell operation case. In this contribution, we discuss the aspects related to inter-cell multi-TRP operation including QCL / spatial relation info and PL RS enhancements for DL / UL, respectively, as well as required L1-RSRP/SINR enhancements. 
Non-Serving Cell SSB
For inter-cell multi-TRP operation, the main limitation in Rel. 15 / 16 is that non-serving cell SSB (with a different PCI) cannot be used as QCL source for the serving cell. However, the “top QCL source” for TRS / CSI-RS / DMRS should be an SSB. For example, periodic TRS, which can be used as QCL source of other reference signals, should be QCLed with SSB with respect to QCL-TypeC and / or QCL-TypeD [38.214]:
“For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
- 'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or
- 'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZPCSI-RS-ResourceSet configured with higher layer parameter repetition”
In fact, using non-serving cell SSB as QCL source and RS for spatial relation info has been already specified as part of Rel. 16 positioning enhancements for PRS and SRS for positioning, respectively [2,3]. For PRS, the QCL source can be an SSB from a TRP with a different PCI than serving cell’s PCI:
DL-PRS-QCL-Info-r16 ::= CHOICE {
	ssb-r16						SEQUENCE {
		pci-r16							NR-PhysCellID-r16,
		ssb-Index-r16					INTEGER (0..63),
		rs-Type-r16						ENUMERATED {typeC, typeD, typeC-plus-typeD}
	},
	dl-PRS-r16					SEQUENCE {
		qcl-dl-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16,
		qcl-dl-PRS-ResourceSetID-r16	NR-DL-PRS-ResourceSetID-r16
	}
}
The UE obtains the SSB configuration for the SSB configured as source reference signal for the DL-PRS by indexing to the field nr-SSB-Config with this physical cell identity [2], where nr-SSB-Config determines all the info related to SSBs of a neighboring TRP.
Similarly, in the case of SRS for positioning, a non-serving cell SSB can be used for reference signal of spatial relation info as well as pathloss reference RS for the SRS resource set [3] as shown below
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
}

pathlossReferenceRS-Pos-r16                 CHOICE {
        ssb-IndexServing-r16                        SSB-Index,
        ssb-Ncell-r16                               SSB-InfoNcell-r16,
        dl-PRS-r16                                  DL-PRS-Info-r16
    }                                                                                                   

[bookmark: o1]Observation 1: Using non-serving cell SSB as QCL source and RS for spatial relation info / PL RS has been already specified as part of Rel. 16 positioning enhancements for PRS and SRS for positioning, respectively.
However, the Rel. 16 enhancements mentioned above are specific to positioning and are not defined for general MIMO operation. Using similar enhancements, it should be allowed to use non-serving cell SSB as reference signal for the following purposes:
· QCL-Info: To define TCI states corresponding to a TRP with a non-serving cell PCI.
· SRS-SpatialRelationInfo: To define SRS spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-SpatialRelationInfo: To define PUCCH spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-PathlossReferenceRS: To define PL RS for PUCCH power control corresponding to a TRP with a non-serving cell PCI.
· PUSCH-PathlossReferenceRS: To define PL RS for PUSCH power control corresponding to a TRP with a non-serving cell PCI.
· pathlossReferenceRS under SRS-ResourceSet: To define PL RS for SRS power control corresponding to a TRP with a non-serving cell PCI.

[bookmark: p1]Proposal 1: Support using non-serving cell SSB as reference signal for the following purposes:
· QCL-Info: To define TCI states corresponding to a TRP with a non-serving cell PCI.
· SRS-SpatialRelationInfo: To define SRS spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-SpatialRelationInfo: To define PUCCH spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-PathlossReferenceRS: To define PL RS for PUCCH power control corresponding to a TRP with a non-serving cell PCI.
· PUSCH-PathlossReferenceRS: To define PL RS for PUSCH power control corresponding to a TRP with a non-serving cell PCI.
· pathlossReferenceRS under SRS-ResourceSet: To define PL RS for SRS power control corresponding to a TRP with a non-serving cell PCI.
Given that non-serving cell SSB should be used for all purposes above in Rel. 17, some optimizations are possible to reduce the overhead of RRC signalling. For example, it may make sense to define one or more additional SSB sets (non-serving cell SSB sets), and use the SSB set ID as well as SSB index within the set to refer to a non-serving cell SSB. For Rel. 16 positioning, maximum number of SSB sets (i.e., nr-SSB-Config) / TRPs is 256 as shown below [2] as more TRPs can enable more accurate positioning:
nr-SSB-Config-r16					SEQUENCE (SIZE (1..nrMaxTRPs-r16)) OF      NR-SSB-Config-r16

nrMaxTRPs-r16							INTEGER ::= 256		-- Max TRPs per UE

[bookmark: _Hlk528942724]As a result, there was not much benefit in terms of overhead saving if SSB set ID is defined instead of referring to the PCI directly when configuring RS for QCL-Info of PRS or spatial relation info of SRS for positioning. However, that many SSB sets / TRPs are not needed for the purpose of inter-cell multi-TRP operation. Hence, configuring additional SSB sets with corresponding SSB set ID, and corresponding PCI and other related information of the SSB set can be beneficial as explained above. For this purpose as well as to take in to account UE complexity and implementation aspects for multi-TRP operation in terms of tracking other SSB sets, we suggest to first determine the maximum number of additional SSB sets that the UE can be configured with for inter-cell multi-TRP operation.
[bookmark: p2]Proposal 2: RAN1 to study and decide the maximum number of additional (non-serving cell) SSB sets for inter-cell multi-TRP operation. 
L1-RSRP / SINR Measurements
As discussed in Section 2, for inter-cell multi-TRP operation, a non-serving cell SSB is used as reference signal for QCL-Info, spatial relation info for SRS/PUCCH, and PL RS for PUCCH/PUSCH/SRS power control. However, in order to configure the UE with a suitable SSB index from a non-serving cell SSB set, UE needs to first perform L1-RSRP/SINR measurements and feedback the results to the gNB. 
For example, in Rel. 15/16, UE can be configured with “nrofReportedRS” as part of CSI-ReportConfig to indicate the top (strongest) nrofReportedRS SSB indices and corresponding L1-RSRP/SINR values among the SSB indices in csi-SSB-ResourceList defined in the corresponding CSI-SSB-ResourceSet.  In the case of inter-cell multi-TRP operation, the UE should be also configured with a SSB set that a SSB index belongs to as SSB index alone cannot identify the actual SSB if there are one or more additional (non-serving cell) SSB sets corresponding to the non-serving cell PCIs.
[bookmark: p3]Proposal 3: Study and specify enhancements required to support L1-RSRP/SINR measurement and reporting corresponding to one or more non-serving cell SSBs.
Conclusion 
Observation 1: Using non-serving cell SSB as QCL source and RS for spatial relation info / PL RS has been already specified as part of Rel. 16 positioning enhancements for PRS and SRS for positioning, respectively.
Proposal 1: Support using non-serving cell SSB as reference signal for the following purposes:
· QCL-Info: To define TCI states corresponding to a TRP with a non-serving cell PCI.
· SRS-SpatialRelationInfo: To define SRS spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-SpatialRelationInfo: To define PUCCH spatial relation info corresponding to a TRP with a non-serving cell PCI.
· PUCCH-PathlossReferenceRS: To define PL RS for PUCCH power control corresponding to a TRP with a non-serving cell PCI.
· PUSCH-PathlossReferenceRS: To define PL RS for PUSCH power control corresponding to a TRP with a non-serving cell PCI.
· pathlossReferenceRS under SRS-ResourceSet: To define PL RS for SRS power control corresponding to a TRP with a non-serving cell PCI.
Proposal 2: RAN1 to study and decide the maximum number of additional (non-serving cell) SSB sets for inter-cell multi-TRP operation. 
Proposal 3: Study and specify enhancements required to support L1-RSRP/SINR measurement and reporting corresponding to one or more non-serving cell SSBs.
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