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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the contribution, we would like to further discuss the remaining open issues on R17 feMIMO, based on the RRC running CR [1] and RAN1 parameters [2], including:
· FFS how to configure the mode of R17 unified TCI framework;
· FFS how to implement the association of the PCI index and the TCI state;
· FFS how to implement the association of the additional PCI and SSB;
· FFS on Scenarios on R17 unified TCI framework.
Discussion
2.1 FFS how to configure the mode of R17 unified TCI framework
According to RAN1 LS [3], there are two modes of the R17 unified TCI framework, i.e., one is joint beam indication mode with joint TCI state for both UL and DL; another is separate beam indication, which is separate DL and/or UL TCI state.  And the UE should be informed of the mode to be used for each TCI state codepoint, so that UE can determine whether the indicated TCI states apply to DL only, UL only, or for both DL and UL. 
Further, RAN1 made the following agreements in RAN1#105e [4], which implies that the mode of the R17 unified TCI framework should be configured by RRC.
	Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)


Observation 1: The mode of R17 unified TCI framework is configured via RRC.
As for how to implement the the mode of R17 unified TCI framework via RRC, it can either be configured per-cell level within ServingCellConfig, or per-BWP level within the BWP-DownlinkDedicated, or in PDSCH-Config. Although it is more flexible configured in per-BWP or per-PDSCH level, extra overhead would be introduced. 
Proposal 1: RAN2 to agree that a new IE indicating the mode of the R17 unified TCI framework is introduced within the ServingCellConfig.
Correspondingly, the following TP as highlighted in yellow is given on how to configure the mode of the R17 unified TCI framework based on proposal 1.
	[bookmark: _Toc60777379][bookmark: _Toc90651251]–	ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.
ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                                OPTIONAL,   -- Cond TDD
    initialDownlinkBWP                  BWP-DownlinkDedicated                                                    OPTIONAL,   -- Need M
    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                               OPTIONAL,   -- Need N
    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink                         OPTIONAL,   -- Need N
    firstActiveDownlinkBWP-Id           BWP-Id                                                                   OPTIONAL,   -- Cond SyncAndCellAdd
    bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,
                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,
                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,
                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R
    defaultDownlinkBWP-Id               BWP-Id                                                                  OPTIONAL,   -- Need S
    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M
    supplementaryUplink                 UplinkConfig                                                            OPTIONAL,   -- Need M
    pdcch-ServingCellConfig             SetupRelease { PDCCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    pdsch-ServingCellConfig             SetupRelease { PDSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                         OPTIONAL,   -- Need M
    sCellDeactivationTimer              ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240,
                                                    ms320, ms400, ms480, ms520, ms640, ms720,
                                                    ms840, ms1280, spare2,spare1}       OPTIONAL,   -- Cond ServingCellWithoutPUCCH
    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                            OPTIONAL,   -- Need M
    tag-Id                              TAG-Id,
    dummy1                              ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    pathlossReferenceLinking            ENUMERATED {spCell, sCell}                                              OPTIONAL,   -- Cond SCellOnly
    servingCellMO                       MeasObjectId                                                            OPTIONAL,   -- Cond MeasObject
    ...,
    [[
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N
    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    supplementaryUplinkRelease-r16      ENUMERATED {true}                                                       OPTIONAL,   -- Need N
    tdd-UL-DL-ConfigurationDedicated-IAB-MT-r16    TDD-UL-DL-ConfigDedicated-IAB-MT-r16                         OPTIONAL,   -- Cond TDD_IAB
    dormantBWP-Config-r16               SetupRelease { DormantBWP-Config-r16 }                                  OPTIONAL,   -- Need M
    ca-SlotOffset-r16                   CHOICE {
        refSCS15kHz                         INTEGER (-2..2),
        refSCS30KHz                         INTEGER (-5..5),
        refSCS60KHz                         INTEGER (-10..10),
        refSCS120KHz                        INTEGER (-20..20)
    }                                                                                                           OPTIONAL,   -- Cond AsyncCA
    dummy2                              SetupRelease { DummyJ }                                                 OPTIONAL,   -- Need M
    intraCellGuardBandsDL-List-r16      SEQUENCE (SIZE (1..maxSCSs)) OF IntraCellGuardBandsPerSCS-r16           OPTIONAL,   -- Need S
    intraCellGuardBandsUL-List-r16      SEQUENCE (SIZE (1..maxSCSs)) OF IntraCellGuardBandsPerSCS-r16           OPTIONAL,   -- Need S
    csi-RS-ValidationWithDCI-r16       ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    lte-CRS-PatternList1-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    lte-CRS-PatternList2-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    crs-RateMatch-PerCORESETPoolIndex-r16  ENUMERATED {enabled}                                                 OPTIONAL,   -- Need R
    enableTwoDefaultTCI-States-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultTCI-StatePerCoresetPoolIndex-r16 ENUMERATED {enabled}                                          OPTIONAL,   -- Need R
    enableBeamSwitchTiming-r16          ENUMERATED {true}                                                       OPTIONAL,   -- Need R
    cbg-TxDiffTBsProcessingType1-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    cbg-TxDiffTBsProcessingType2-r16    ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    directionalCollisionHandling-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    channelAccessConfig-r16             SetupRelease { ChannelAccessConfig-r16 }                                OPTIONAL    -- Need M
    ]] ,

   [[
   SSB-MTCAdditionalPCIList-r17::=                 SEQUENCE (SIZE(1..FFS)) OF SSB-MTCAddionalPCI-r16            OPTIONAL,    -- Need R
   unifiedTCIMode-r17              ENUMERATED {Joint, seperate}  OPTIONAL -- Need M
   ]]

}

UplinkConfig ::=                    SEQUENCE {
    initialUplinkBWP                    BWP-UplinkDedicated                                                     OPTIONAL,   -- Need M
    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink                          OPTIONAL,   -- Need N
    firstActiveUplinkBWP-Id             BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd
    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                                   OPTIONAL,   -- Need M
    ...,
    [[
    powerBoostPi2BPSK                   BOOLEAN                                                                 OPTIONAL,   -- Need M
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    enablePL-RS-UpdateForPUSCH-SRS-r16  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUSCH0-0-r16 ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUCCH-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForSRS-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    uplinkTxSwitching-r16               SetupRelease { UplinkTxSwitching-r16 }                                  OPTIONAL,   -- Need M
    mpr-PowerBoost-FR2-r16              ENUMERATED {true}                                                       OPTIONAL    -- Need R
    ]]
}

DummyJ ::=                          SEQUENCE {
    maxEnergyDetectionThreshold-r16         INTEGER(-85..-52),
    energyDetectionThresholdOffset-r16      INTEGER (-20..-13),
    ul-toDL-COT-SharingED-Threshold-r16     INTEGER (-85..-52)                                                  OPTIONAL,   -- Need R
    absenceOfAnyOtherTechnology-r16         ENUMERATED {true}                                                   OPTIONAL    -- Need R
}

ChannelAccessConfig-r16 ::=         SEQUENCE {
    energyDetectionConfig-r16           CHOICE {
        maxEnergyDetectionThreshold-r16         INTEGER (-85..-52),
        energyDetectionThresholdOffset-r16      INTEGER (-13..20)
    }                                                                                                           OPTIONAL,   -- Need R
    ul-toDL-COT-SharingED-Threshold-r16         INTEGER (-85..-52)                                              OPTIONAL,   -- Need R
    absenceOfAnyOtherTechnology-r16             ENUMERATED {true}                                               OPTIONAL    -- Need R
}

IntraCellGuardBandsPerSCS-r16 ::=      SEQUENCE {
    guardBandSCS-r16                       SubcarrierSpacing,
    intraCellGuardBands-r16                SEQUENCE (SIZE (1..4)) OF GuardBand-r16
}

GuardBand-r16 ::=                      SEQUENCE {
     startCRB-r16                          INTEGER (0..274),
     nrofCRBs-r16                          INTEGER (0..15)
}

DormancyGroupID-r16 ::=         INTEGER (0..4)

DormantBWP-Config-r16::=               SEQUENCE {
    dormantBWP-Id-r16                      BWP-Id                                                           OPTIONAL,   -- Need M
    withinActiveTimeConfig-r16             SetupRelease { WithinActiveTimeConfig-r16 }                      OPTIONAL,   -- Need M
    outsideActiveTimeConfig-r16            SetupRelease { OutsideActiveTimeConfig-r16 }                     OPTIONAL    -- Need M
}

WithinActiveTimeConfig-r16 ::=         SEQUENCE {
   firstWithinActiveTimeBWP-Id-r16         BWP-Id                                                           OPTIONAL,   -- Need M
   dormancyGroupWithinActiveTime-r16       DormancyGroupID-r16                                              OPTIONAL    -- Need R
}

OutsideActiveTimeConfig-r16 ::=        SEQUENCE {
   firstOutsideActiveTimeBWP-Id-r16        BWP-Id                                                           OPTIONAL,   -- Need M
   dormancyGroupOutsideActiveTime-r16      DormancyGroupID-r16                                              OPTIONAL    -- Need R
}

UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}

-- TAG-SERVINGCELLCONFIG-STOP
-- ASN1STOP



Proposal 2: RAN2 to agree the above TP on configuring the mode of R17 unified TCI framework.

2.2 FFS how to implement the association of the PCI index and the TCI state
The additional PCI index should be introduced within the R17 TCI-state configuration, so as to identify the TRP that the TCI state applies, or equally the TRP that the target RS is referred. However, according to the running CR [1], the additional PCI index (additionalPCI-r17) is configured within the QCL-Info. It seems that even within a single tci-StateId, the PCI can be different for different QCL-Type, which is indeed conflict with the RAN1’s intention.
Proposal 3: The PCI index associated with the TCI state shall be used to identify the TRP that the TCI state applies, i.e., the two QCL-Type if included within the TCI-state should share a single PCI index. 
Correspondingly, the following TP as highlighted in yellow is given on how to implement the association of the PCI index and the TCI state based on proposal 3.
	[bookmark: _Toc60777408][bookmark: _Toc90651280]–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
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},
    ...,
    [[
    
    --Editor’s note: Can be discussed if ASN1 overhead reasons should have another way to implement than using this extension.
    --Editor’s note: Needed in Rel-15/16 TCI state for mTRP intercell and in Rel-17 TCI state for BM intercell

    ]]
}

DLorJoint-TCIState-r17 ::=                SEQUENCE {
     tci-StateUnifiedId-r17                   DLorJoint-TCIState-Id-r17,
     tci-StateType-r17                        ENUMERATED {DLOnly, JointULDL},
     qcl-Type1-r17                            QCL-Info,
     qcl-Type2-r17                            QCL-Info                       OPTIONAL   -- Need R    
     additionalPCI-r17                  AdditionalPCIIndex-r17     OPTIONAL   -- Need R
}

UL-TCIState-r17 ::=                   SEQUENCE {
     UL-TCIState-Id-r17                   UL-TCIState-Id-r17,
     servingCellId                           ServCellIndex                 OPTIONAL,   -- Need S
     referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId,
        srs                                     PUCCH-SRS
    },
    additionalPCI-r17                   AdditionalPCIIndex                                                OPTIONAL,   -- Need R
    ul-powerControl-r17                  UL-powerControl-r17                                               OPTIONAL  -- Need R
    pathlossReferenceRS-Id               PUSCH-PathlossReferenceRS-Id                                      OPTIONAL   -- Need S
    --Editor’s note: pending on LS response the power control and PL-reference signal part may change 
}

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



Proposal 4: RAN2 to agree the above TP on implementing the association of the PCI index and the TCI state.

2.3 FFS how to implement the association of the additional PCI and SSB;
In last meeting, RAN2 has sent a LS to RAN1 on the association of the additional PCI and SSB [5]:
------------------------------------------------------------------------------------------------------------------------------
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]CSI-SSB-ResourceSet
Question 1.13: Should it be possible for different SSB indexes in the same CSI-SSB-ResourceSet to be associated with different additionalPCI?
------------------------------------------------------------------------------------------------------------------------------
In RAN1#107e [6], RAN1 already agreed that within CSI-SSB-ResourceSet, the SSB can be associated with multiple PCIs.
	RAN1#107e
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP


Observation 2: The SSB resources within a SSB resource set can be associated with different PCIs.
As for how to make such association of the additional PCI and SSB resources, the following TP as highlighted in yellow can be considered.
	[bookmark: _Toc60777225][bookmark: _Toc90651097]–	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,
[bookmark: OLE_LINK21]    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ... ,
   [[

    additionalPCIList-r17    SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF AdditionalPCIIndex-r17                     OPTIONAL   -- Need S
  ]]

}

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

	CSI-SSB-ResourceSet field descriptions

	additionalPCIList
If this field is present, each SSB resource within the csi-SSB-ResourceList is associated with PCI as indicated by the additionalPCIList as in the same position, e.g., the first PCI as indicated within the additionalPCIList apply to the first SSB within the csi-SSB-ResourceList. Otherwise, the csi-SSB-ResourceList associated with the serving cell.





Proposal 5: RAN2 to agree the above TP on implementing the association of the additional PCI and SSB.

2.4 FFS on Scenarios on R17 unified TCI framework 
The CORESETPoolindex is introduced in R16 to support the Multi-DCI based intra-cell mTRP. According to RAN1 [7] [8], for DL TCI, the source reference signal (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC. Thus, the R17 unified TCI framework will not apply to R16 intra-cell mTRP scenario.
	RAN1#106e:
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)

RAN1#104e:
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
         DL TCI: The source reference signal (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
         UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
         Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
         Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
         DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
         UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant /configured-grant based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
         Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
         Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.


Observation 3: The R17 unified TCI framework does not apply to R16 intra-cell mTRP scenario.
Based on above analysis, we think that NW needs to ensure that the CORESETPoolindex within BWP should be the same when configured with the R17 unified TCI framework. Also the newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
Proposal 6: NW to ensure that CORESETPoolindex within a BWP should be the same value when configured with R17 unified TCI framework.
Proposal 7: The newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
Conclusion
This contribution discusses on R17 unified TCI framework. The main observations and proposals are summarized in the following. 
Observation 1: The mode of R17 unified TCI framework is configured via RRC.
Observation 2: The SSB resources within a SSB resource set can be associated with different PCIs.
Observation 3: The R17 unified TCI framework does not apply to R16 intra-cell mTRP scenario.

Proposal 1: RAN2 to agree that a new IE indicating the mode of the R17 unified TCI framework is introduced within the ServingCellConfig.
Proposal 2: RAN2 to agree the above TP on configuring the mode of R17 unified TCI framework.
Proposal 3: The PCI index associated with the TCI state shall be used to identify the TRP that the TCI state applies, i.e., the two QCL-Type if included within the TCI-state should share a single PCI index. 
Proposal 4: RAN2 to agree the above TP on implementing the association of the PCI index and the TCI state.
Proposal 5: RAN2 to agree the above TP on implementing the association of the additional PCI and SSB.
Proposal 6: NW to ensure that CORESETPoolindex within a BWP should be the same value when configured with R17 unified TCI framework.
Proposal 7: The newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
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