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Introduction
In RAN2#121 meeting, NR NTN handover enhancements were discussed regarding common signaling for HO command, RACH-less HO, hard satellite switch [1]. The following agreement were made. 
Agreements 121:
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location
3. Support RACH-less Handover in Rel-18.
4. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
5. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
6. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
Working Assumption 121: 
In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.
In this document, we discuss the HO enhancements on these aspects.
Discussion
Common (C)HO configuration
Common (C)HO configuration was discussed for the purpose of reducing overhead. To see how much overhead can be reduced, we consider the current RRC reconfiguration message including reconfigurationWithSync as the HO command. 

ReconfigurationWithSync ::=         SEQUENCE {
    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M
    newUE-Identity                      RNTI-Value,
    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    rach-ConfigDedicated                CHOICE {
        uplink                              RACH-ConfigDedicated,
        supplementaryUplink                 RACH-ConfigDedicated
    }                                                                                               OPTIONAL,   -- Need N
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]],
    [[
    daps-UplinkPowerConfig-r16      DAPS-UplinkPowerConfig-r16                                      OPTIONAL    -- Need N
    ]],
    [[
    sl-PathSwitchConfig-r17         SL-PathSwitchConfig-r17                                         OPTIONAL    -- Cond DirectToIndirect-PathSwitch
    ]]
}


[bookmark: _Toc60777380][bookmark: _Toc131065147]–	ServingCellConfigCommon
The IE ServingCellConfigCommon is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync.
ServingCellConfigCommon information element
-- ASN1START
-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    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
    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...,
    [[
    channelAccessMode-r16               CHOICE {
        dynamic                             NULL,
        semiStatic                          SemiStaticChannelAccessConfig-r16
    }                                                                                                       OPTIONAL, -- Cond SharedSpectrum
    discoveryBurstWindowLength-r16          ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}                   OPTIONAL, -- Need R
    ssb-PositionQCL-r16                     SSB-PositionQCL-Relation-r16                                    OPTIONAL, -- Cond SharedSpectrum
    highSpeedConfig-r16                     HighSpeedConfig-r16                                             OPTIONAL  -- Need R
    ]],
    [[
    highSpeedConfig-v1700               HighSpeedConfig-v1700                                               OPTIONAL, -- Need R
    channelAccessMode2-r17              ENUMERATED {enabled}                                                OPTIONAL, -- Cond SharedSpectrum2
    discoveryBurstWindowLength-r17      ENUMERATED {ms0dot125, ms0dot25, ms0dot5, ms0dot75, ms1, ms1dot25}  OPTIONAL, -- Need R
    ssb-PositionQCL-r17                 SSB-PositionQCL-Relation-r17                                        OPTIONAL, -- Cond SharedSpectrum2
    highSpeedConfigFR2-r17              HighSpeedConfigFR2-r17                                              OPTIONAL, -- Need R
    uplinkConfigCommon-v1700            UplinkConfigCommon-v1700                                            OPTIONAL, -- Need R
    ntn-Config-r17                      NTN-Config-r17                                                      OPTIONAL  -- Need R
    ]],
    [[
    featurePriorities-r17               SEQUENCE {
        redCapPriority-r17                  FeaturePriority-r17                                             OPTIONAL, -- Need R
        slicingPriority-r17                 FeaturePriority-r17                                             OPTIONAL, -- Need R
        msg3-Repetitions-Priority-r17       FeaturePriority-r17                                             OPTIONAL, -- Need R
        sdt-Priority-r17                    FeaturePriority-r17                                             OPTIONAL  -- Need R
    }                                                                                                       OPTIONAL  -- Need R
    ]],
    [[
    ra-ChannelAccess-r17            ENUMERATED {enabled}                                                OPTIONAL -- Cond SharedSpectrum2
    ]]
}

-- TAG-SERVINGCELLCONFIGCOMMON-STOP
-- ASN1STOP

Observation 1: The IE ServingCellConfigCommon in ReconfigurationWithSync is cell-specific configuration common to UEs which contains information that can be typically acquired from system information.
Therefore, the information included in ServingCellConfigCommon in ReconfigurationWithSync can be included in the common (C)HO configuration.
Proposal 1: Common (C)HO configuration includes ServingCellConfigCommon in ReconfigurationWithSync.
Regarding the potential number of target cells, NW can consider 1, or 2, or up to 4 potential target cells that most UEs in the current serving cell will hand over to. Considering at most 4 neighbor cells can be potential target cells, common configuration for at most 4 potential target/candidate cells should be sufficient.
Proposal 2: Common (C)HO configuration includes up to 4 potential target/candidate cells.
The common (C)HO configuration can be provided by broadcast signaling, which can be easily supported by including the common (C)HO configuration in SIB. For groupcast signaling, the current groupcast signaling is intended for user data. For groupcasting RRC configuration, a new framework is needed, which involves large spec impact. Therefore, broadcast signaling common (C)HO configuration is preferred.
Proposal 3: Common (C)HO configuration is provided by broadcast signaling.
RACH-less Handover 
Applicable scenarios
RAN2 has agreed to support RACH-less handover for NTN using the LTE’s RACH-less Handover procedure as a baseline. As specified in TS 38.211 and TS 38.213, UE calculates TA, i.e., , for the first UL transmission, where  is configured by parameter n-TimingAdvanceOffset or a default value is used if not configured,  is configured by common TA parameter,  is computed based on UE location and ephemeris. For RACH-less HO,  has to be configured in the HO command since there is no RAR. In the RAN4 LS [2], the timing requirement is confirmed.
	RAN4 would like to thank RAN1 for the liaison in R1-2213001 regarding RACH-less handover in NTN. 
· For NTN-NTN FR1-FR1 handover, RAN4 confirms that Note 1 in the LS (R1-2213001) is correct, i.e. the timing requirement specified in Table 7.1C.2-1 of TS 38.133 applies to the first UL transmission, including PUCCH, PUSCH, SRS, PRACH, and msgA, in the target cell, provided that
· At least one SSB is available at the UE during the last 160 ms.
· UE is provided with information such that the UE has valid  and  upon handover execution.
· The network and UE have a common understanding of NTA component upon HO execution.
· RAN4 assumes the determination of the value for NTA for the different scenarios is up to RAN1. 
· The timing requirement specified in Table 7.1C.2-1 of TS 38.133 are applicable to FR1 only and there are no requirements for other frequency ranges.
· There are no existing RAN4 NR RRM requirements for RACH-less HO and additional RAN4 work will be required to introduce requirements and identify side conditions.




Regarding the applicable scenarios, RACH-less HO is not applicable to HO between TN and NTN cells since the very different TA for a target cell cannot be obtained without RACH. Thus, RACH-less HO should be limited to NTN-NTN mobility. There are 4 scenarios for NTN RACH-less HO, i.e., intra-satellite or inter-satellite with same or different feeder links. Considering the feasibility of configuring  for these NTN scenarios and LTE RACH-less HO only supports  with zero value or  identical to a serving cell, RACH-less HO can be supported for intra-satellite with same feeder link.
Proposal 4: Rel-18 NTN RACH-less HO is limited to NTN-NTN mobility.
Proposal 5: Rel-18 NTN RACH-less HO is supported for intra-satellite with same feeder link.
UL grant and initial UL transmission
In LTE RACH-less HO, UL grant for initial UL transmission is either provided in RACH-less HO command or dynamically provided by PDCCH. For Rel-18 NTN RACH-less HO, the same principle can be followed. The UL grant can be configured in RACH-less HO command. 
Proposal 6: For initial UL transmission in RACH-less HO, support configured grant in RACH-less HO command.
Which type of CG is provided for the initial UL transmission needs to be discussed. If only type-1 CG is configured, the UE can directly use the configured grant for initial UL transmission. If only type-2 CG is configured, the UE needs to monitor PDCCH for activation and then send initial UL transmission. If either one is configured, the UE behaves accordingly. If both are provided, UE behavior needs to be specified, but it’s not necessary to provide both.
Proposal 7: RAN2 to discuss which type of CG is supported for the initial UL transmission of RACH-less HO. 
	Option 1: only type-1 CG
	Option 2: only type-2 CG
	Option 3: either type-1 CG or type-2 CG
Option 4: both type-1 CG and type-2 CG
In the last RAN2 meeting, dynamic grant is agreed to be supported. 
Agreements 121
1. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
[bookmark: _Hlk131618549]For the initial UL transmission, either CG or DG should be provided. If CG is not provided, UE monitors PDCCH for DG; if CG is provided, UE uses CG and does not monitor PDCCH for DG.
Proposal 8: For the initial UL transmission in NTN RACH-less HO, UE uses CG if configured in the RACH-less HO command, otherwise, UE monitors PDCCH for DG.
Consider LTE RACH-less HO procedure, the overall procedure of NTN RACH-less HO can be summarized as follows.
1. receive RACH-less HO command including RACH-less HO configuration.
2. start timer T304
3. apply target cell configuration (e.g., C-RNTI) and start timer T430
4. apply  to compute TA for the target cell and start time alignment timer
5. monitor PDCCH if type-1 CG is not configured in RACH-less HO command
6. send initial UL transmission if UL grant is available
7. consider RACH-less HO is completed upon receiving PDCCH in response to the initial UL transmission
8. stop timer T304 and release UL grant for initial UL transmission
Proposal 9: RAN2 confirms the overall procedure of NTN RACH-less HO.
One issue when type-1 CG is configured is how to select SSB for initial UL transmission. For example, UE can select one SSB with RSRP above a threshold, which is similar to CG-SDT, or select the SSB with the best RSRP. Another issue when type-2 CG is configured or DG is provided by PDCCH is how to configure PDCCH monitoring (e.g., monitoring occasion, beam indication, etc.), which may need RAN1 involvement. 
Proposal 10: If type-1 CG is configured for initial UL transmission for RACH-less HO, discuss how to select SSB. 
Proposal 11: RAN2 informs RAN1 the agreements on NTN RACH-less HO and ask RAN1 to identify necessary configuration and impact on PDCCH monitoring for initial UL transmission.
Hard satellite switch
In the last RAN2 meeting, the following working assumption was made on hard satellite switch.
	Working Assumption 121: 
In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.


For hard satellite switch for quasi-fixed cell, suppose the previous satellite stops serving the area at T1, and the next satellite starts to serve the same area at T2. Ideally, T1 equals T2. However, this is hardly realized and the gap between T1 and T2 may always exist. How to handle the interruption and guarantee service continuity in hard satellite switch is questionable. Considering this issue for hard satellite switch and the limited applicable scenario (e.g., same SSB frequency, same gNB, same serving area), the necessity to support this feature needs to be discussed. 
Proposal 12: RAN2 to discuss the necessity to support hard satellite switch without PCI change considering the interruption and service continuity issue and the limited applicable scenario. 
The configuration before and after the satellite switch is unchanged by switching without PCI change. However, the DL timing of the two satellites may not be the same. Whether DL synchronization is needed has to be discussed. Furthermore, to connect to a different satellite, UE always needs to perform UL synchronization. 
Proposal 13: RAN2 to clarify if DL synchronization is required for hard satellite switch without PCI change.
Proposal 14: RAN2 to confirm UE always perform UL synchronization for hard satellite switch without PCI change.
Conclusion
Based on the discussion, we have the following observations and proposals.
Observation 1: The IE ServingCellConfigCommon in ReconfigurationWithSync is cell-specific configuration common to UEs which contains information that can be typically acquired from system information.
Proposal 1: Common (C)HO configuration includes ServingCellConfigCommon in ReconfigurationWithSync.
Proposal 2: Common (C)HO configuration includes up to 4 potential target/candidate cells.
Proposal 3: Common (C)HO configuration is provided by broadcast signaling.
Proposal 4: Rel-18 NTN RACH-less HO is limited to NTN-NTN mobility.
Proposal 5: Rel-18 NTN RACH-less HO is supported for intra-satellite with same feeder link.
Proposal 6: For initial UL transmission in RACH-less HO, support configured grant in RACH-less HO command.
Proposal 7: RAN2 to discuss which type of CG is supported for the initial UL transmission of RACH-less HO. 
	Option 1: only type-1 CG
	Option 2: only type-2 CG
	Option 3: either type-1 CG or type-2 CG
Option 4: both type-1 CG and type-2 CG
Proposal 8: For the initial UL transmission in NTN RACH-less HO, UE uses CG if provided in the RACH-less HO command, otherwise, UE monitors PDCCH for DG.
Proposal 9: RAN2 confirms the overall procedure of NTN RACH-less HO.
1. receive RACH-less HO command including RACH-less HO configuration.
2. start timer T304
3. apply target cell configuration (e.g., C-RNTI) and start timer T430
4. apply  to compute TA for the target cell and start time alignment timer
5. monitor PDCCH if type-1 CG is not configured in RACH-less HO command
6. send initial UL transmission if UL grant is available
7. consider RACH-less HO is completed upon receiving PDCCH in response to the initial UL transmission
stop timer T304 and release UL grant for initial UL transmission
Proposal 10: If type-1 CG is configured for initial UL transmission for RACH-less HO, discuss how to select SSB. 
Proposal 11: RAN2 informs RAN1 the agreements on NTN RACH-less HO and ask RAN1 to identify necessary configuration and impact on PDCCH monitoring for initial UL transmission.
[bookmark: _GoBack]Proposal 12: RAN2 to discuss the necessity to support hard satellite switch without PCI change considering the interruption and service continuity issue and the limited applicable scenario. 
Proposal 13: RAN2 to clarify if DL synchronization is required for hard satellite switch without PCI change.
Proposal 14: RAN2 to confirm UE always perform UL synchronization for hard satellite switch without PCI change.
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