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1. Introduction
[bookmark: _Hlk492027000]In the Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for inter-cell multi-TRP operation was agreed together with few other objectives as follows [1]:
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
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In RAN1#102-e, following agreements were made [2]:
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#103-e, following agreements were made [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


In RAN1#104-e, following agreements were made:

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 further on the enhancement to support the inter-cell multi-TRP operation. 
2. [bookmark: _Hlk528168953]Discussion
2.1 Details on the configuration of non-serving cell RS; 
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

To enable configuration of non-serving cell RS within the current beam management framework, the TCI framework should be enhanced and extended. The SSB is used as main/initial QCL source in the beam management RS configuration, but the index value space is currently defined to be unique within a serving cell. Thus, to be able to use the non-serving cell SSB as QCL source, an extension or additional indication would be needed that associates a specific SSB index to a specific cell (serving and non-serving). As an example, a new field could be added to the referenceSignal (Figure 1. TCI State IE with an example enhancement with non-serving cell SSB information) parameter in the TCI State QCL Info. 

[bookmark: _Ref68599765][bookmark: _Ref61524286]Observation 1: SSB is the main QCL source for beam management reference signals.
[bookmark: _Ref61524287]Observation 2: Associating SSB with a cell-specific identifier enables configuration of non-serving cell RS within the beam management framework.

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                                 SSB-Index
        ssb-non-serving-cell::=           SEQUENCE {
            physicalCellId                 PhysCellId,
            ssb                            SSB-Index 
}  
},
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
[bookmark: _Ref54089633]Figure 1. TCI State IE with an example enhancement with non-serving cell SSB information
Enhancing TCI State with a parameter that associates SSB index to an index space of a specific cell enables further the configuration of NZP-CSI-RS as non-serving cell RS. Configuring the TCI State with a non-serving cell SSB as a QCL source (TCIState ID, Figure 2. NZP-CSI-RS IE) for NZP-CSI-RS can be used to associate the NZP-CSI-RS to a non-serving cell without defining additional fields for the NZP-CSI-RS-Resource or Resource set. In case the QCL source for NZP-CSI-RS is another NZP-CSI-RS the QCL chain up to the SSB can be used to determine the associated cell for the RS. In addition to referenceSignal parameter in TCI State IE, similar updates would be needed for other IEs such as SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16. 
[bookmark: _Ref61524288]Observation 3: To associate NZP-CSI-RS with a non-serving cell, a QCL source (e.g. SSB) associated with non-serving cell identifier can be used.
[bookmark: _Ref61524289]Observation 4: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.

	NZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}  OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                          OPTIONAL,   -- Cond Periodic
    ...
}
[bookmark: _Ref54089718]Figure 2. NZP-CSI-RS IE.

On the association of non-serving cell information with a TCI state, we support the option 1. This option would be also feasible approach for L1/L2 centric mobility as it scales with the number of non-serving cells. Also, there is no need for additional configuration steps to map the indices of cells to PCI values i.e. if re-indexing of serving cells would be used. The TCI State should include the PCI indication only for the SSB which serves a root QCL source for target signals/channels.
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.

[bookmark: _Ref61524296]Proposal 1: To configure SSB as non-serving cell RS, indicate the associated cell (PCI) and SSB-index for the SSB in the referenceSignal parameter (Option 1). 
[bookmark: _Ref61524298]Proposal 2: To configure NZP-CSI-RS resource as non-serving cell RS, configure the RS with a QCL source RS that is associated with a non-serving cell.

2.2 Measurement and reporting related to QCL /TCI enhancement
Following agreement was made in multibeam AI for L1/L2 centric mobility regarding the measurements and reporting of non-serving cells. In our view, both L1/L2 centric mobility and inter-cell mTRP should share the same methods for QCL/TCI enhancement for measurement and reporting. The following proposals for measurement and reporting related enhancement for non-serving-cell signals are also discussed in our contribution in AI 8.1.1. 
Agreement
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
1. Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
0. Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
0. FFS: Whether the measurement for SS-RSRP is limited within SMTC
0. FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
0. FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
1. Whether the support applies to CSI-RS with or without QCL source, or both
0. FFS: The number of non-serving cell(s) for measurement/reporting 
0. FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
1. FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
1. FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
1. FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement
 
To enable beam management measurements and reporting on the non-serving cell (NSC), the non-serving cell SSB should be able to be indicated in the CSI-SSB-ResourceSet. The CSI-SSB-ResourceSet list contains SSB-index which implicitly refers to the serving cell SSB-index space and thus to support SSB-based beam management measurements on non-serving cells it should be possible to indicate the associated cell for the SSB-index space in the information element. To indicate the associated cell for SSB or set of SSBs in CSI-SSB-ResourceSet the PCI can be used.  
[bookmark: _Ref61524290]Observation 5: SSB based measurements can be supported by BM framework by associating the SSBs with a cell-specific identifier.
From 38.331 (CSI-SSB-ResourceSet):
The IE CSI-SSB-ResourceSet is used to configure one SS/PBCH block resource set which refers to SS/PBCH as indicated in ServingCellConfigCommon.
CSI-SSB-ResourceSet information element
-- ASN1START
-- TAG-CSI-SSB-RESOURCESET-START

CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...
}

-- TAG-CSI-SSB-RESOURCESET-STOP
-- ASN1STOP

To support inter-cell NZP-CSI-RS measurements within a beam management framework requires the association of NZP-CSI-RS with the non-serving cell. As discussed in Section 2.1, the NZP-CSI-RS may require a TCI state as QCL source where the TCI state can include the association of SSB with a non-serving cell identifier. Determining the associated cell for NZP-CSI-RS resource itself can be based on the QCL source (TCI State ID) indicated by the qcl-InfoPeriodicCSI-RS. Thus, a separate/new parameters may not be needed for NZP-Resource or resource set to associate the reference signals with non-serving cell.
Similarly for the measurement purposes, as the TCI state is used a QCL source for NZP-CSI-RS, the TCI State list should be allowed include RS that are associated with non-serving cell. 
Since the RS configuration would implicitly indicate the cell for which the measurements are reported, it is FFS whether there is a need to enhance the reporting configuration itself.
[bookmark: _Ref61524291]Observation 6: NZP-CSI-RS measurements can be supported by BM framework by configuring the SSB with a cell-specific identifier as a QCL source in the TCI State.
[bookmark: _Ref61524299]
[bookmark: _Ref68599873]Proposal 3: For L1 SSB based beam measurements and reporting, enhance the CSI-SSB-ResourceSet IE to associate set of SSBs with a cell-specific identifier (PCI). 
[bookmark: _Ref61524300]Proposal 4 : For non-serving cell CSI-RS measurements, configure the NZP-CSI-RS with a QCL source RS that is associated with a non-serving cell identifier.

2.3 Inter Cell mTRP Configuration and PDCCH Beam Indication
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

To follow release 16 mDCI framework, the (CORESETs) non-serving cell TRP can be considered as a part of the active BWP configuration.
For UE to understand that a CORESET or set of CORESETs are transmitted from a TRP associated with non-serving cell, in one option, UE could be explicitly indicated that a CORESET(s) under the same CORESETpoolIndex are associated with a non-serving cell. Alternatively, UE can determine the inter-cell mTRP configuration/PDCCH reception from a non-serving cell implicitly based on the RS or the QCL source RS indicated by the active TCI state for PDCCH (in multi-DCI MTRP). 
[image: ]
[bookmark: _Ref47613456]Figure 3. CORESET(s) of the serving cell and CORESETs of the non-serving cell (inter-cell MTRP cell) under the same PDCCH-config

For PDCCH reception, when a UE receives activation for a TCI state for PDCCH, it can determine based on the QCL chain (QCL source info) that an RS indicated by the active TCI state is associated with non-serving cell. The TCI State framework would need to be updated so that e.g. SSB can be associated with a specific PCI.  
[bookmark: _Ref61524292]Observation 7: Even without CORESETPoolIndex configured for CORESETs, the UE can determine the inter-cell mTRP configuration/PDCCH reception through the QCL source for the RS indicated by active TCI state for a CORESET.
 The CORESET configuration can follow the rel16 mTRP principles, e.g. non-serving cell CORESET can be pooled using the CORESETpoolIndex and the reception assumption for the CORESET is based on the active TCI state; the RS (or the QCL source RS through the QCL chain) indicated by the active TCI State for a CORESET determines the reception assumption for PDCCH i.e. whether the PDCCH is to be received from a serving cell or non-serving cell.
[bookmark: _Ref47686095][bookmark: _Ref61524301]Proposal 5: For inter-cell multi-DCI based multi-TRP support, the CORESETs of non-serving cell are pooled under the same CORESETPoolIndex. 

3 Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the support of inter-cell multi-TRP/panel transmission. The following observations and proposals are made.
Observation 1: SSB is the main QCL source for beam management reference signals.
Observation 2: Associating SSB with a cell-specific identifier enables configuration of non-serving cell RS within the beam management framework.
Observation 3: To associate NZP-CSI-RS with a non-serving cell, a QCL source (e.g. SSB) associated with non-serving cell identifier can be used.
Observation 4: The referenceSignal parameter is used for SRS-SpatialRelationInfo, PUSCH-PathlossReferenceRS-r16, PUSCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo and PUCCH-PathlossReferenceRS-r16.
Observation 5: SSB based measurements can be supported by BM framework by associating the SSBs with a cell-specific identifier.
Observation 6: NZP-CSI-RS measurements can be supported by BM framework by configuring the SSB with a cell-specific identifier as a QCL source in the TCI State.
Observation 7: Even without CORESETPoolIndex configured for CORESETs, the UE can determine the inter-cell mTRP configuration/PDCCH reception through the QCL source for the RS indicated by active TCI state for a CORESET.
Proposal 1: To configure SSB as non-serving cell RS, indicate the associated cell (PCI) and SSB-index for the SSB in the referenceSignal parameter (Option 1).
Proposal 2: To configure NZP-CSI-RS resource as non-serving cell RS, configure the RS with a QCL source RS that is associated with a non-serving cell.
Proposal 3: For L1 SSB based beam measurements and reporting, enhance the CSI-SSB-ResourceSet IE to associate set of SSBs with a cell-specific identifier (PCI).
Proposal 4 : For non-serving cell CSI-RS measurements, configure the NZP-CSI-RS with a QCL source RS that is associated with a non-serving cell identifier.
Proposal 5: For inter-cell multi-DCI based multi-TRP support, the CORESETs of non-serving cell are pooled under the same CORESETPoolIndex.
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