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1. Introduction
In this contribution, the following mobility UE capabilities with per band pair per band combination are being discussed:
R1 feature list:
	45. NR_Mob_enh2
	45-5a
	RACH-based early TA acquisition with simultaneous transmission
	Support of simultaneous transmission to handle the overlap between UL transmission on serving cell(s) and PRACH on candidate cell(s)
	45-5
	Yes
	No
	Support of RACH-based early TA acquisition with simultaneous transmission is not supported
	Per band pair per band combination (between the target band for RACH transmission and band under UE’s current band combo)  
	No
	No
	n/a
	
	Optional with capability signalling



R4 feature list:
	39.
NR_Mob_enh2
	39-4
	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE may cause interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission
	45-5
	Yes
	No
	UE does not cause interruptions on DL slots on serving cells due to PDCCH-ordered RACH transmission
	Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination
	No
	No
	N/A
	
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-4a
	Interruption due to RF retuning for PDCCH- ordered RACH
	Indicates the interruption length (Y ms) due to RF re-tuning for PDCCH ordered RACH of which the resources are not fully contained in any of UE’s configured UL BWP(s) of active serving cells
	45-5
	Yes
	No
	PDCCH-order RACH for LTM is not supported if the PRACH bandwidth is outside of any configured BWP
	Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination 
	No
	No
	N/A
	Candidate values for interruption length Y = 0.25, 0.5, 1 and 2
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-5
	RF/BB preparation time for PDCCH-order RACH
	Indicates the RF/BB preparation time for PDCCH ordered RACH of which the resources are not fully contained in any of UE’s configured UL BWP(s) of active serving cells
	45-5
	Yes
	No
	PDCCH-order RACH for LTM is not supported if the PRACH bandwidth is outside of any configured BWP
	Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination 
	No
	No 
	N/A
	Candidate values:
{ 1ms,3ms,5ms,10ms }
	Optional with capability signaling
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In the current mega CR implementation, UE cap rapporteur has implemented per band pair per band combination using per Band per BC with a list of target band to represent the band pair with the band of the UE’s band combination indicated by the BandParameters as shown below in [1]:
Rel-18 Mobility capabilities implementation:
BandParameters-v1810 ::=         SEQUENCE {
    -- R1 40-5-4: SRS 8 Tx ports—antenna switching
    srs-AntennaSwitching8T8R-r18     SEQUENCE {
        antennaSwitch8T8R-r18            ENUMERATED {noTdm, tdmAndNoTdm}        OPTIONAL,
        downgradeConfig-r18          CHOICE {
              empty-r18                  NULL,
              downgrade-r18              BIT STRING (SIZE (11))
        }                                                                       OPTIONAL,
        entryNumberAffect-r18        INTEGER (1..32)                            OPTIONAL,
        entryNumberSwtich-r18        INTEGER (1..32)                            OPTIONAL
    }                                                                           OPTIONAL,
    -- R1 45-5a: RACH-based early TA acquisition with simultaneous transmission
    rach-EarlyTA-BandList     SEQUENCE (SIZE (1..maxSimultaneousBands)) OF RACH-EarlyTA        OPTIONAL,
    -- R4 39-4: Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
    pdcch-RACH-AffectedBandsList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-AffectedBands OPTIONAL,
    -- R4 49-4a: Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
    pdcch-RACH-SwitchingTimeList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-SwitchingTime OPTIONAL,
    -- R4 49-5: the RF/BB preparation time for PDCCH ordered RACH of which the resources are not fully contained 
    -- in any of UE’s configured UL BWP(s) of active serving cells
pdcch-RACH-PrepTimeList                 SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-PrepTime      OPTIONAL
}

This is similar to the existing srs-CarrierSwitch below highlighted yellow, which provides a precedence of such an implementation. 
BandParameters-v1540 ::=            SEQUENCE {
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {
            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR
        },
        eutra                               SEQUENCE {
            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA
        }
    }                                                                              OPTIONAL,
    srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

However, we think that we should not implement the Rel-18 mobility capabilities in the same way as including capabilities under BandParameters introduced huge overheads.   Since the Rel-18 mobility capabilities do not require indicating the band entry like srs-Tx Switch (highlighted green above), it would be more efficient from the signalling point of view to include the new capabilities per FS (granularity is also per band per bandCombination) to allow for reuse of the capabilities by different bands in the same or different band combination.




Observation: The new per band pair per band combination Rel-18 mobility capabilities can be implemented per FS to allow for reuse of the capabilities by different bands in the same or different band combination
Proposal: Implement the new per band pair per band combination Rel-18 mobility capabilities with per FS granularity.
The TS38.331 implementation is shown in Annex.  The corresponding capabilities can be simply moved to the relevant sections for per FS.
3. Conclusion
It is requested that RAN2 discuss the following observation and proposal:
Observation: The new per band pair per band combination Rel-18 mobility capabilities can be implemented per FS to allow for reuse of the capabilities by different bands in the same or different band combination
Proposal: Implement the new per band pair per band combination Rel-18 mobility capabilities with per FS granularity.
4. Reference
[1]. R2-2404527/4528 Corrections and Updates to UE capabilities for Rel-18 WIs, including TEI18 [RAN1], Intel Corporation
5. Annex: Changes to per FS (highlighted green)
5.1 FeatureSetUplink
FeatureSetUplink-v1800 ::=                         SEQUENCE {
    -- R1 40-3-3-1a: Supported maximum delay value larger than D_basic
    maxDelayValueBeyondD-Basic-r18                     ENUMERATED {sl2,sl3,sl4,sl5,sl6,sl10}                        OPTIONAL,
    -- R1 40-3-3-2: Number of delay values
    tdcp-NumberDelayValue-r18                          INTEGER (2..4)                                               OPTIONAL,
    -- R1 40-3-3-4: Phase report
    phaseReportMoreThanOne-r18                         ENUMERATED {supported}                                       OPTIONAL,
    -- R1 40-3-3-6: Maximum number of TRS resource sets in a report configuration
    maxNumberTRS-ResourceSet-r18                       INTEGER (2..3)                                               OPTIONAL,
    -- R1 40-3-3-7: Maximum number of TDCP report settings per-BWP
    maxNumberTDCP-PerBWP-r18                           INTEGER (1..4)                                               OPTIONAL,
    -- R1 40-4-6c: DMRS type for Rel.18 enhanced DMRS ports for PUSCH
    pusch-DMRS-TypeEnh-r18                             SEQUENCE {
        dmrs-Type-r18                                      ENUMERATED {etype1, both},
        pusch-TypeA-DMRS-r18                               SEQUENCE {
    -- R1 40-4-6: Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling mapping of type A for Rel.18 enhanced DMRS ports
        dmrs-TypeA-r18                                     ENUMERATED {supported},
            -- R1 40-4-6d: 2 symbols front-loaded DMRS (uplink) for Rel.18 enhanced DMRS ports for PUSCH
            pusch-2SymbolFL-DMRS-r18                           ENUMERATED {supported}                               OPTIONAL,
            -- R1 40-4-6e: 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PUSCH
            pusch-2SymbolFL-DMRS-Addition2Symbol-r18           ENUMERATED {supported}                               OPTIONAL,
            -- R1 40-4-6f: 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PUSCH
            pusch-1SymbolFL-DMRS-Addition3Symbol-r18           ENUMERATED {supported}                               OPTIONAL,
[bookmark: _Hlk164869653]            -- R1 40-4-6k: 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PUSCH
            pusch-1SymbolFL-DMRS-BeyondOnePort-r18             ENUMERATED {supported}                               OPTIONAL,
            -- R1 40-4-10: DMRS port configuration for PUSCH with 8Tx
            pusch-DMRS8Tx-r18                                  ENUMERATED {rel15, both}                             OPTIONAL
         }                                                                                                          OPTIONAL,
          -- R1 40-4-6a: Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling mapping of type B for Rel.18 enhanced DMRS ports
        pusch-TypeB-DMRS-r18                               ENUMERATED {supported}                                   OPTIONAL,
        -- R1 40-4-6g: 1 port UL PTRS for Rel.18 enhanced DMRS ports for PUSCH with rank 1-4
        pusch-rank-1-4-1Port-r18                           ENUMERATED {supported}                                   OPTIONAL,
        -- R1 40-4-6h: 1 port UL PTRS for Rel.18 enhanced DMRS ports for PUSCH with rank 5-8
        pusch-rank-5-8-1Port-r18                           ENUMERATED {supported}                                   OPTIONAL,
        -- R1 40-4-6i: 2 port UL PTRS for Rel.18 enhanced DMRS ports for PUSCH with rank 1-4
        pusch-rank-1-4-2Port-r18                           ENUMERATED {supported}                                   OPTIONAL,
        -- R1 40-4-6j: 2 port UL PTRS for Rel.18 enhanced DMRS ports for PUSCH with rank 5-8
        pusch-rank-5-8-2Port-r18                           ENUMERATED {supported}                                   OPTIONAL
    }                                                                                                               OPTIONAL,
    -- R1 40-4-13: Support Rel-18 UL DMRS with single-DCI based M-TRP
    ul-DMRS-SingleDCI-M-TRP-r18                        ENUMERATED {supported}                                       OPTIONAL,
    -- R1 40-4-14: Support Rel-18 UL DMRS with M-DCI based M-TRP
    ul-DMRS-M-DCI-M-TRP-r18                            ENUMERATED {supported}                                       OPTIONAL,
    -- R1 40-5-5: Maximum 2 SP and 1 periodic SRS sets for 8T8R antenna switching
    srs-AntennaSwitching8T8R2SP-1Periodic-r18                   ENUMERATED {supported}                              OPTIONAL,

    -- R1 40-6-4: Single-DCI based STx2P SFN scheme for PUCCH
    pucch-SingleDCI-STx2P-SFN-r18                      ENUMERATED {pf0-2, pf1-3-4, pf0-4}                           OPTIONAL,

    -- R1 41-4-6: Positioning SRS bandwidth aggregation in RRC_CONNECTED
    posSRS-BWA-RRC-Connected-r18                       PosSRS-BWA-RRC-Connected-r18                                 OPTIONAL,
    -- R1 41-4-7: Positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED
    posSRS-BWA-IndependentCA-RRC-Connected-r18         PosSRS-BWA-IndependentCA-RRC-Connected-r18                   OPTIONAL,
    -- R1 41-4-9: Indicate which other bands in the band combination are affected due to the need of a guard period
    posSRS-BWA-AffectedBandList-r18                    SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR         OPTIONAL,

    -- R1 49-6: Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook simultaneously constructed for supporting 
    -- HARQ-ACK codebooks with different priorities by DCI format 1_3
    simultanous-2-1-HARQ-ACK-CB-r18                     SubSlot-Config-r16                                           OPTIONAL,
    -- R1 49-6a: Two HARQ-ACK codebooks with two sub-slot based HARQ-ACK codebook simultaneously constructed for supporting 
    -- HARQ-ACK codebooks with different priorities by DCI format 1_3
    simultanous-2-2-HARQ-ACK-CB-r18                     SubSlot-Config-r16                                           OPTIONAL,
    -- R1 49-7: UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical 
    -- layer for DCI format 1_3/0_3

    ul-IntraUE-MuxEnh-r18                        SEQUENCE {
        pusch-PreparationLowPriority-r18             ENUMERATED {sym0, sym1, sym2},
        pusch-PreparationHighPriority-r18            ENUMERATED {sym0, sym1, sym2}
    }                                                                                                               OPTIONAL,
    -- R4 27-1 TxDiversity for 4Tx
    txDiversity4Tx-r18                                 ENUMERATED {supported}                                       OPTIONAL,

    -- R4 41-2: Power boosting for DFT-s-OFDM pi/2 BPSK and QPSK transmissions without modified spectrum flatness requirement
    powerBoosting-pi2BPSK-QPSK-r18                     ENUMERATED {supported}                                       OPTIONAL,
    -- R4 41-3: Power boosting for DFT-s-OFDM pi/2 BPSK and QPSK transmissions with modified spectrum flatness requirement shaping
    powerBoosting-pi2BPSK-QPSK-Modified-r18            ENUMERATED {supported}                                       OPTIONAL,
    -- R4 44-1 TxDiversity for 2Tx
    txDiversity2Tx-r18                                 ENUMERATED {supported}                                       OPTIONAL,
ue-PowerClassPerBandPerBC-v18xy                    ENUMERATED {pc5}                                             OPTIONAL
    rach-EarlyTA-BandList     SEQUENCE (SIZE (1..maxSimultaneousBands)) OF RACH-EarlyTA        OPTIONAL,

}

5.2 FeatureSetDownlink
[bookmark: _Hlk164869613]FeatureSetDownlink-v1800 ::=                    SEQUENCE {
    -- R1 40-1-14a: Dynamic switching - scheme A
    dynamicSwitchingA-r18                           ENUMERATED {supported}                                                  OPTIONAL,
    -- R1 40-1-14b: Dynamic switching – scheme B
    dynamicSwitchingB-r18                           ENUMERATED {supported}                                                  OPTIONAL,
    -- R1 40-3-2-11: Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook
    aperiodicCSI-TimeRelaxation-r18                 SEQUENCE {
        valueW-r18                                       ENUMERATED {value1, value2},
        timeRelaxation-r18                               ENUMERATED {cap1, cap 2}
    }                                                                                                                        OPTIONAL,
    -- R1 40-4-1: Basic feature of Rel.18 enhanced DMRS ports for PDSCH for scheduling of mapping type A
    pdsch-TypeA-DMRS-r18                            ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1a: Basic feature of Rel.18 enhanced DMRS ports for PDSCH for scheduling of mapping type B
    pdsch-TypeB-DMRS-r18                            ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1b: 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-1SymbolFL-DMRS-Addition2Symbol-r18        ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1c: Alternative additional DMRS position for co-existence with LTE CRS for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-AlternativeDMRS-Coexistence-r18           ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1d: 2 symbols FL-DMRS for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-2SymbolFL-DMRS-r18                        ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1e: 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-2SymbolFL-DMRS-Addition2Symbol-r18        ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1f: 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-1SymbolFL-DMRS-Addition3Symbol-r18        ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1g: DMRS type for Rel.18 enhanced DMRS ports for PDSCH
    pdsch-DMRS-Type-r18                             ENUMERATED {etype1, etype1And2}                                          OPTIONAL,
    -- R1 40-4-1h: 1 port DL PTRS for Rel.18 enhanced DMRS ports for PDSCH with rank 1-8
    pdsch-1PortDL-PTRS-r18                          ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1i: 2 port DL PTRS for Rel.18 enhanced DMRS ports for PDSCH with rank 1-8
    pdsch-2PortDL-PTRS-r18                          ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-1j: Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port for scheduling of mapping type A
    mappingTypeA-1SymbolFL-DMRS-Addition2Symbol-r18 ENUMERATED {supported}                                                   OPTIONAL,
[bookmark: _Hlk164869629]    -- R1 40-4-2: Capability on the maximum number of configured DMRS types for PDSCH across all DL DCI formats per cell
    maxNumberDMRS-AcrossAllDL-DCI-r18               INTEGER (2..4)                                                           OPTIONAL,
    -- R1 40-4-4: Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports
    pdsch-ReceptionWithoutSchedulingRestriction-r18 ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-4a: Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports for PDSCH with fdmSchemeA
    pdsch-ReceptionSchemeA-r18                      ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-4b: Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports for PDSCH with fdmSchemeB
    pdsch-ReceptionSchemeB-r18                      ENUMERATED {supported}                                                   OPTIONAL,

    -- R1 40-4-5: Rel-18 DL DMRS with single DCI based M-TRP
    dmrs-MultiTRP-SingleDCI-r18                     ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-5a: Additional row(s) for antenna ports (0,2,3) for Rel.18 DL DMRS ports for single-DCI based M-TRP
    dmrs-MultiTRP-AdditionRows-r18                   ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-7: Rel-18 DL DMRS with M-DCI based M-TRP
    dmrs-MultiTRP-MultiDCI-r18                      ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 40-4-12: Support of Rel-18 DMRS and PDSCH processing capability 2 simultaneously
    simulDMRS-PDSCH-r18                             SEQUENCE {
        scs-15kHz-r18                                   INTEGER (0..4)                                                       OPTIONAL,
        scs-30kHz-r18                                   INTEGER (0..5)                                                       OPTIONAL,
        scs-60kHz-r18                                   INTEGER (0..7)                                                       OPTIONAL
    }                                                                                                                        OPTIONAL,

    -- R1 53-1: Support RLM/BM/BFD and gapless L3 intra-frequency measurements based on CD-SSB outside active BWP without interruptions
    bwpOperationMeasWithoutInterrupt-r18            ENUMERATED {supported}                                                   OPTIONAL,

    -- R1 55-6: (2, 2) span-based PDCCH monitoring with additional restriction(s)
    pdcch-MonitoringSpan2-2-r18                     SEQUENCE{
        pdsch-ProcessingType1-r18                       SEQUENCE{
            scs-15kHz-r18                                   ENUMERATED {supported}                                           OPTIONAL,
            scs-30kHz-r18                                   ENUMERATED {supported}                                           OPTIONAL
        },
        pdsch-ProcessingType2-r18                       SEQUENCE{
            scs-15kHz-r18                                   ENUMERATED {supported}                                           OPTIONAL,
            scs-30kHz-r18                                   ENUMERATED {supported}                                           OPTIONAL
        }
    }                                                                                                                        OPTIONAL,
    -- R1 55-6b: Mix of Rel-16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
    pdcch-MonitoringMixed-r18                       ENUMERATED {supported}                                                   OPTIONAL,
    -- R1 55-6h: PDCCH repetition for Rel-16 PDCCH monitoring
    mTRP-PDCCH-legacyMonitoring-r18  SEQUENCE {
        scs-15kHz-r18                    PDCCH-RepetitionParameters-r17                                     OPTIONAL,
        scs-30kHz-r18                    PDCCH-RepetitionParameters-r17                                     OPTIONAL
    }                                                                                                                       OPTIONAL,

    -- R4 42-1: Support of SCell without SS/PBCH block for inter-band CA
    scellWithoutSSB-InterBandCA-r18                 ENUMERATED {supported}                                                   OPTIONAL,
    multicastInactive-r18                           ENUMERATED {supported}                                                   OPTIONAL,
    thresholdBasedMulticastResume-r18               ENUMERATED {supported}                                                   OPTIONAL
    -- R4 39-4: Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
    pdcch-RACH-AffectedBandsList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-AffectedBands OPTIONAL,
    -- R4 49-4a: Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
    pdcch-RACH-SwitchingTimeList            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-SwitchingTime OPTIONAL,
    -- R4 49-5: the RF/BB preparation time for PDCCH ordered RACH of which the resources are not fully contained 
    -- in any of UE’s configured UL BWP(s) of active serving cells
    pdcch-RACH-PrepTimeList                 SEQUENCE (SIZE (1..maxSimultaneousBands)) OF PDCCH-RACH-PrepTime      OPTIONAL

}

