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1. BACKGROUND
During the last two meetings [1], [2], RAN1 made some progress by first clarifying the synchronization assumption for the intended scope of inter-cell multi-TRP operation in Rel-17 [3], and then by reaching some agreements related to the operation of the second cell [1]. 
Also, in RANP #92e meeting, the notion of serving cell under two different scenarios related to L1/2 centric mobility and Inter-cell multi-TRP was discussed. Per discussion, it was agreed that as part of Rel-17 feMIMO work, during the multi-TRP operation, the serving cell remains unchanged [4].

	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

Also, on the mobility side it has been concluded that:
Configuration of CSI-RS for mobility as QCL source for intercell MTRP operation is not supported from Rel-17 specification point of view.




Based on the agreements, several alternatives on association of TCI to the PCI are identified for down selection.
In this contribution, we share our perspective on the alternatives and options listed above.

2. INDICATION OF THE NON-SERVING CELL PCI AND TCI STATES
It has been agreed that the following non-serving cell SSB information should be provided to a UE in an inter-cell MTRP operation:
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
By having access to the above information, a UE can access, read and/or derive the remaining required information of the other cell as needed. We believe that the above listed SSB related information are sufficient to enable a UE to operate in an inter-cell multi-TRP operation. 

Moreover, according to the concluding remarks related to the CSI-RS configuration for mobility as a QCL source for inter-cell MTRP operation [2]:
“Configuration of CSI-RS for mobility as QCL source for intercell MTRP operation is not supported from Rel-17 specification point of view.”

Therefore, we can make the conclusion that for the inter-cell MTRP operation, SSB related information is the foundation of the information related to the second cell.

Proposal 1: The SSB related information (time domain position, transmission periodicity, transmission power) to be included in the measurement’s configuration object to support inter-cell multi-TRP UE operation.

[bookmark: _Hlk68005962]Following the above proposal, we reiterate that from the MeasObjectNR structure in RRC [5], it can be observed that a UE can be configured with all the information required for the second cell TRP measurements. As part MeasObjectNR configuration,  SSB-ConfigMobility field is the fields that may be configured according to the SSB information of the second cell [3];

	SSB-ConfigMobility field descriptions

	deriveSSB-IndexFromCell
If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier as specified in TS 38.133 [14]. Hence, if the UE is configured with a serving cell for which (absoluteFrequencySSB, subcarrierSpacing) in ServingCellConfigCommon is equal to (ssbFrequency, ssbSubcarrierSpacing) in this MeasObjectNR, this field indicates whether the UE can utilize the timing of this serving cell to derive the index of SS block transmitted by neighbour cell. Otherwise, this field indicates whether the UE may use the timing of any detected cell on that target frequency to derive the SSB index of all neighbour cells on that frequency.

	ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not to be measured while value 1 indicates that the corresponding SS/PBCH block is to be measured (see TS 38.215 [9]). When the field is not configured the UE measures on all SS blocks. Regardless of the value of this field, SS/PBCH blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.



Based on the agreement on providing certain SSB information and the conclusion about synchronization assumption, the parameters for SSB-ConfigMobility field in MeasObjectNR can be set accordingly,
deriveSSB-IndexFromCell= True; since it was agreed that the timing of the target cell is aligned. 
ssb-ToMeasure = set of SS blocks; according to the provided information about time domain position, transmission periodicity and transmission power of SSB. 
 We believe that a UE could acquire all the required information of the neighbouring cell through RRC configuration, for example through configuration of the measurement object for the neighbouring cell measurements. Therefore, regarding an implicit or explicit signalling of the second cell related information, we believe that a UE should be configured explicitly by the RRC signalling. 

[bookmark: _Hlk68019238]Proposal 2: Support explicit signalling for the second cell PCI measurements.

According to Rel-16 specifications [5], the RRC configuration of a TCI state is at the cell level. The association to a cell is realized using a serving cell index as shown in the figure below,

TCI-State information element
	-- ASN1START
-- TAG-TCI-STATE-START

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
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP




Five different options for association of TCI state/QCL information with the non-serving cell are still under discussion [1]:
· Option1: Indicate/associate non-serving cell PCI in the TCI state
· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or 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.
· 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
· 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 

Among the above options, we find that Option 1 may have a high impact on the specifications, as association of the non-serving cell PCI needs to be directly captured in the TCI state. On the other hand, Options 3 and 4, where grouping and/or re-indexing is used for differentiation between the TCI states, may incur unnecessary signaling and updates due to mobility or varying interference. 
Option 5 is a more generalized form of Option 2, however with more complexity and specification impacts than Option 2. Therefore, we believe that Option 2 is sufficient for inter-cell multi-TRP case. As such, we can keep the same serving cell index, and introduce a flag or sub-index to support multi-TRP inter-cell case. 

[bookmark: _Hlk68019249]Proposal 3: Support Option 2 where a flag is introduced to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell.

3. ASSOCIATION OF THE PCI, TCI STATES AND CORSET POOL INDEX
For Rel-16 MTRP and multi-DCI operation, TS38.331 specifies the following parameters [5]:
	multiDCI-multiTRP-Parameters-r16        SEQUENCE {
        -- R1 16-2a-0: Overlapping PDSCHs in time and fully overlapping in frequency and time
        overlapPDSCHsFullyFreqTime-r16     INTEGER (1..2)                                                     OPTIONAL,
        -- R1 16-2a-1: Overlapping PDSCHs in time and partially overlapping in frequency and time
        overlapPDSCHsInTimePartiallyFreq-r16 ENUMERATED {supported}                                      OPTIONAL,
        -- R1 16-2a-2: Out of order operation for DL
        outOfOrderOperationDL-r16               SEQUENCE {
            supportPDCCH-ToPDSCH-r16         ENUMERATED {supported}                                         OPTIONAL,
            supportPDSCH-ToHARQ-ACK-r16     ENUMERATED {supported}                                         OPTIONAL
        }                                                                                                          OPTIONAL,
        -- R1 16-2a-3: Out of order operation for UL
        outOfOrderOperationUL-r16          ENUMERATED {supported}                               OPTIONAL,
        -- R1 16-2a-5: Separate CRS rate matching
        separateCRS-RateMatching-r16       ENUMERATED {supported}                               OPTIONAL,
        -- R1 16-2a-6: Default QCL enhancement for multi-DCI based multi-TRP
        defaultQCL-PerCORESETPoolIndex-r16 ENUMERATED  {supported}                                        OPTIONAL,
        -- R1 16-2a-7: Maximum number of activated TCI states
        maxNumberActivatedTCI-States-r16        SEQUENCE {
            maxNumberPerCORESET-Pool-r16            ENUMERATED {n1, n2, n4, n8},
            maxTotalNumberAcrossCORESET-Pool-r16    ENUMERATED {n2, n4, n8, n16}
        }         



As highlighted above, for single PCI case, the maximum number of the activated TCI states is given per CORESET-Pool and then a total number across the configured CORESET-Pool. Therefore, to maintain the same flexibility for inter-cell MTRP, the above MTRP configuration should be preserved. The closest alternative listed in the latest agreements that corresponds to the above analysis is:
· Alt2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex

Proposal 4: Agree on Alternative 2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex.  

4. MAXIMUM NUMBER OF PCIS, PER CC AND ACROSS CCS
Another important point of discussion is about 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. RAN1 has already agreed to one additional PCI different from the serving cell, per CC. Taking into the consideration the agreed limits for carrier aggregation, it would be natural to scale the inter-cell multi-TRP accordingly that is to count each multi-TRP configured PCI as a CC under carrier aggregation upper configuration limit.
The carrier aggregation limit is given by:
maxNrofServingCells             INTEGER ::= 32      -- Max number of serving cells (SpCells + SCells)

As the maximum number of CCs is 32 or 31 per Cell Group, scaling this maximum using the above proposed rule, it would result in maximum 16 CCs with two PCIs per CC.
Proposal 5: For the maximum number of PCIs across the CCs agree on scaling the carrier aggregation’s maximum number of CCs limit, considering 2 PCIs per CCs inter-cell multi-TRP decision.


5. CONCLUSIONS
This contribution discussed the remaining issues for inter-cell M-TRP operation. Based on the presented discussion, we make the following observations and proposals:

Proposal 1: The SSB related information (time domain position, transmission periodicity, transmission power) to be included in the measurement’s configuration object to support inter-cell multi-TRP UE operation.

Proposal 2: Support explicit signalling for the second cell PCI measurements.

Proposal 3: Support Option 2 where a flag is introduced to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell.

Proposal 4: Agree on Alternative 2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex.  
Proposal 5: For the maximum number of PCIs across the CCs agree on scaling the carrier aggregation’s maximum number of CCs limit, considering 2 PCIs per CCs inter-cell multi-TRP decision.
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