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1 Introduction

In the last RAN2 meeting, RACH-less HO, unchanged PCI and CHO were discussed and following agreements were made.

Agreements:

1. For location-based CHO for earth-moving cells, re-use the procedure from cell reselection as baseline to derive the candidate cell’s reference location as the cell moves (FFS on how to signal the needed parameters, e.g. ephemeris and Epoch time)

2. Upon T304 expiry, the UE does not fallback to RACH-based HO.

3. Preallocated UL grant must be configured with an associated RSRP threshold.
Agreements:

1. UE relies on T304 and RRC Re-establishment procedure to address RACH-less HO failure in Rel-18 NTN (as in LTE). No new NTN-specific enhancements are introduced. If TAT expires, the UE follows the legacy procedures, regardless of the RACH-less HO configuration. RAN2 understands that the NW can ensure a proper configuration for TAT and T304 values (up to NW implementation, no need to capture this in the specs). 

2. As for RACH-less LTM, for RACH-less NTN, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission as first UL transmission. Can be either DL assignment or UL grant addressed to same HARQ process for the “new transmission”. RAN understands this does not exclude the possibility to use a Contention Resolution MAC CE but this will not be used as a determination of the RACH less HO completion

3. We follow the LTE baseline for when UE starts the PTAG timeAlignmentTimer in NTN RACH-less HO (option 1 in R2-2311318)

4. Combination of RACH-less HO with time-based CHO is supported in Rel-18 NTN for both Configured and Dynamic Grant. For the Dynamic Grant case this should be configured by the NW only when the is no risk of confusion about which beam to use (up to NW implementation). 

Agreements:

1. We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution

2. Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling

Agreements:

1. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system

2. Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling

3. SMTC configuration of target satellite needs further discussion:


FFS on whether and how to provide the SMTC configuration of target satellite.


FFS on how to handle the SMTC adjustment. 

4. We support soft satellite switching in Rel-18

5. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6. At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
7. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.

8. We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)

9. For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation

10. UE is not required to connect to source satellite when the UE switches to target satellite.
In this contribution, we discuss some remaining open issues. 
2 Discussion 
2.1 RACH-less HO
Following is agreed in the last RAN2 meeting on RACH-less HO.
Agreements:

1. Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission

2. The pre-allocated grant is provided with association to SSBs

3. The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)

4. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission

5. ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command

6. RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)

7. The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts

8. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running

During RRC running CR review, many companies raised comments that single beam indication should not be done by using the existing TCI state list because that TCI state list is provided to the UE for the subsequent TCI state indication via MAC CE. RACH-less HO should not touch that list. Therefore, a separate beam indication should be added in RACH-less HO command and it can simply be the SSB index.
Proposal 1 A new field should be added in HO command to indicate single beam for UE to monitor target cell PDCCH for DG for initial UL transmission. SSB index is used.
Content of ntn-rach-lessHO
In the current RRC running CR, the content of ntn-rach-lessHO is captured as FFS except for target-TA which has been agreed by RAN2.
	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

    ]],
    [[

    ntn-rach-lessHO-r18             NTN-RACH-lessHO-r18                                             OPTIONAL    -- Cond NTN
    ]]
}

…
NTN-RACH-lessHO-r18 ::=             SEQUENCE {
    target-TA-r18                       ENUMERATED {zero, identical}                 OPTIONAL, -- Need S
    ffs                                 ENUMERATED {FFS}
}



In our understanding, we should take LTE RACH-less HO as baseline. This means that ntn-rach-lessHO in NR should follow the content of rach-Skip as much as possible and include pre-allocated UL grant.
	RACH-Skip-r14 ::=




SEQUENCE {


targetTA-r14




CHOICE {



ta0-r14






NULL,



mcg-PTAG-r14





NULL,



scg-PTAG-r14





NULL,



mcg-STAG-r14




STAG-Id-r11,



scg-STAG-r14




STAG-Id-r11


},


ul-ConfigInfo-r14



SEQUENCE {



numberOfConfUL-Processes-r14


INTEGER (1..8),



ul-SchedInterval-r14


ENUMERATED {sf2, sf5, sf10},



ul-StartSubframe-r14


INTEGER (0..9),



ul-Grant-r14




BIT STRING (SIZE (16))


}















OPTIONAL
-- Need OR

}


However, for NR NTN, time/frequency resources of pre-allocated UL grant may not follow exactly the same content of LTE which is quite simple. Instead, CG-like configuration can be considered in the similar way as RAN2 did for CG-SDT. 
Note that in LTE’s RACH-less HO, ul-StartSubframe is included to indicate the subframe in which the UE may initiate the uplink transmission. This parameter can also be interpreted as the starting time for the target cell to pre-allocate the UL grant. We think this indication should be inherited for NR NTN as well due to the same reason and purpose. The only issue is that the current starting subframe by itself may not be sufficient for NTN scenarios as it can only indicate time within 10ms but it will take a long time (e.g. tens of milliseconds) for the target cell’s HO command to reach the UE. To take NTN’s long propagation delay into account, target cell also needs to indicate the starting radio frame in addition to the starting subframe.

Proposal 2 For the pre-allocated UL grant in RACH-less HO, starting SFN and starting subframe number are included to indicate the radio frame and subframe in which the UE may initiate the uplink transmission.
2.2 Unchanged PCI
With the last RAN2 agreement on supporting soft satellite switching, in Rel-18 NTN enhancement, both hard switch and soft switch can be supported. Signalling-wise, network needs to indicate when the coming satellite will start to cover the same area. To reduce signalling overhead, t-gap is better than t-start. The indicated t-gap should be able to serve soft and hard switch and its value can be negative, zero and positive. In this case, we don’t need any explicit indication for NW to indicate soft/hard switch.
Proposal 3 Specifying t-gap to cover hard switch and soft switch. The value of t-gap can be negative, zero, and positive.

Proposal 4 t-gap is the implicit indication for NW to indicate hard switch or soft switch.
Regarding where to put t-gap, there are two options. One is SIB and the other is dedicated RRC signalling. Putting in SIB can save signalling overhead, and since the exact time for UE to start synchronizing with the target satellite is up to UE implementation, this option would not lead to the case where all UEs access to the target satellite at the same time. There, we prefer the SIB option.
Proposal 5 t-gap is broadcasted in SIB.
For hard switch, during t-gap, as UE is not connected with any satellite, i.e. there is no network connection at all, some AS operations need to be suspended even though from RRC’s perspective those radio configurations are still valid. After t-gap, those AS operations can be resumed. Regarding which AS operations are to be affected, we think GNSS enhancement for IoT NTN can be taken as baseline, e.g. RLM related timers (e.g. T310, T311, and T301), dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR.
Proposal 6 For hard switch without PCI change, some AS operations are suspended during t-gap and resumed after t-gap. These AS operations could be RLM related timers (e.g. T310, T311, and T301), dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR.
2.3 Location-based CHO for earth-moving cells
In the last meeting, there are proposals that for earth moving cells, both referenceLocation1 and referenceLocation2 are reused to indicate the reference location for serving cell and candidate cell. For candidate cell, referenceLocation2 could be needed, but for serving cell, we think RAN2 can reuse the IDLE/INACTIVE state approach, i.e. the reference location derivation based on information provided in SIB19.
Proposal 7 For location-based CHO for earth-moving cells, serving cell’s reference location is derived reusing the IDLE/INACTIVE state approach, i.e. using information provided in SIB19.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
RACH-less HO:
Proposal 1 A new field should be added in HO command to indicate single beam for UE to monitor target cell PDCCH for DG for initial UL transmission. SSB index is used.
Proposal 2 For the pre-allocated UL grant in RACH-less HO, starting SFN and starting subframe number are included to indicate the radio frame and subframe in which the UE may initiate the uplink transmission.
Unchanged PCI:
Proposal 3 Specifying t-gap to cover hard switch and soft switch. The value of t-gap can be negative, zero, and positive.

Proposal 4 t-gap is the implicit indication for NW to indicate hard switch or soft switch.
Proposal 5 t-gap is broadcasted in SIB.
Proposal 6 For hard switch without PCI change, some AS operations are suspended during t-gap and resumed after t-gap. These AS operations could be RLM related timers (e.g. T310, T311, and T301), dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR.
Location-based CHO for earth-moving cells
Proposal 7 For location-based CHO for earth-moving cells, serving cell’s reference location is derived reusing the IDLE/INACTIVE state approach, i.e. using information provided in SIB19.
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