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1 Introduction

In the last RAN2 meeting, common (C)HO signalign, RACH-less HO and unchanged PCI were discussed and following agreements were made.

Agreements:

· Come back to the proposal to broadcast the target cell’s servingCellConfigCommon (as common (C)HO signalling) after feedback from RAN3

· Send al LS to RAN3 asking whether, in case target cell’s servingCellConfigCommon is broadcast in the source cell (as common (C)HO signalling), the target cell’s servingCellConfigCommon can be transferred to the source cell in the inter-gNB HO case in R18

· Group handover related to P1~P4 from R2-2304736 is not supported in Rel-18.

Agreements:

1. In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0
Agreements:

1. From RAN2 perspective synchronization among source and target cells is not an issue in NTN RACH-less HO

2. Release pre-allocated UL grant after RACH-less HO completion

3. LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI

4. Remove “FFS how to perform RACH-less UL synchronization to NTN target cell”, RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA (FFS on the spec impact , if any)

Agreements:

· t-Service in SIB19 can also be interpreted by Rel-18 UE in Connected mode to know that a satellite change or feeder link change happens

· In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero). 
In this contribution, we discuss some remaining open issues related to RACH-less HO and unchanged PCI. 
2 Discussion 
2.1 Common (C)HO signaling
In previous RAN2 meetings, common (C)HO signaling enhancements were discussed. During discussion, some companies raised the concern for inter-gNB handover case for which they see some potential RAN3 impact. With that concern in mind, RAN2 has sent LS to RAN3 confirming the feasiblility. In our understanding, whether to support common (C)HO signalign for inter-gNB HO case can wait for RAN3’s feedback. However, intra-gNB HO has no RAN3 impact, therefore RAN2 can make desion on its own. With benefit shown for the signaling overhead reduction, we think RAN2 can agree that it is supported at least for the intra-gNB case.
Proposal 1 Support common (C)HO signalling at least for the intra-gNB HO case, whether to support for inter-gNB HO case can wait for RAN3’s feedback.
Proposal 2 A new SIB is used to broadcast the target cell’s servingCellConfigCommon. 

Proposal 3 When to broadcast the new SIB is up to network’s implementation, e.g. before satellite switching for the quasi-earth fixed cell scenario.

Proposal 4 UE acquires the “complete” handover command by combining the target cell’s servingCellConfigCommon broadcasted by the serving cell and the target cell’s configuration within the received handover command.

2.2 RACH-less HO
RAN1 LS related

In RAN2#121bis-e, RAN2 sent an LS in R2-2304271 to RAN1 asking some questions related to power control for initial UL transmission and beam operations for pre-allocated grant and dynamic grant. In R1-2306217, RAN1 provided response with the following content.

	RAN1 thanks RAN2’s LS in R1-2304322 (R2-2304271) and would like to provide our responses to the following question asked by RAN2. 

1. Regarding the pre-allocated grant for initial UL transmission, considering the similarity to Msg1 in RACH and the similarity to the initial UL transmission in CG-SDT, where PRACH/PUSCH resource is mapped to SSBs, whether the pre-allocated grant is provided with association to SSB(s)? If yes, whether a RSRP threshold is needed for SSB selection for initial UL transmission?

RAN1 response: One company thinks that when the network knows the suitable DL beam for RACH-less handover, the pre-allocated grant can be associated with a SSB index of the target cell, and when the network does not know the suitable DL beam, RACH-based HO can be used instead of introducing beam-sweeped pre-allocated grants associated with multiple SSB indexes. Other companies think that the association between the pre-allocated grant for initial transmission and SSB index should be supported without any condition(s), and think that RSRP threshold may be helpful. 

2. To monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam selection is needed (e.g., performed by NW with selected beam(s) indicated, or performed by UE)?
RAN1 response: If single beam is indicated, UE will monitor the target cell PDCCH scheduling the first PUSCH based on the indicated beam. RAN1 will further discuss the case where multiple beams are indicated. 
3. Regarding the power control for initial UL transmission, whether it follows the rules specified for PUSCH scheduled by Random Access grant or by configured grant or others?

RAN1 response:  RAN1 will further discuss the issue. 


For SSB association with pre-allocated grant, it seems that majority companies in RAN1 think that it should be supported although this is not formally agreed by RAN1. We don’t want to repeat the discussion in RAN2 and we would like to follow majority views in RAN1 to support that.
Proposal 5 For pre-allocated grant for initial UL transmission in RACH-less HO, target cell provides in HO command the association between the pre-allocated grant and SSB index and the RSRP threshold. UE selects SSB and the pre-allocated grant in the same way as CG-SDT.
For dynamic grant for initial UL transmission, according to RAN1’s LS response, single beam indication has been agreed and multiple beams indication is still FFS. Based on that, RAN2 should support single beam indication in the RRC signalling.
Proposal 6 For dynamic grant for initial UL transmission in RACH-less HO, HO command should be able to indicate at least single beam for UE to monitor the target cell PDCCH scheduling the first PUSCH based on the indicated beam. Whether indicating multiple beams can wait for further RAN1’s progress.
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

}


Proposal 7 Pre-allocated UL grant should be indicated within ntn-rach-lessHO.
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 8 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.
Fallback to RACH-based HO upon RACH-less HO failure
In the last meeting, RACH-less HO failure handing was discussed but no agreement was made. During the discussion, some companies commented that UE should initiate re-establishment upon T304 expiry as in legacy. In NTN, following aspects need to be considered.

Firstly, as there are not so many neighbour cells in NTN, if initiating re-establishment upon RACH-less HO failure, most likely UE will end up with the same cell where RACH-less HO access fails.
Secondly, upon initiating re-establishment, RACH procedure will be performed. Therefore, the cost or effort in performing RACH is the same as RACH-based HO, however, re-establishment is less optimal compared to handover procedure in terms of signalling overhead and data interruption.
Observation 1
Upon RACH-less HO failure, initiating re-establishment is less optimal compared to initiating RACH-based HO in the same cell.
Considering that fallback to RACH-based HO can save another RRCReconfiguration message (which is required in the re-establishment procedure) and has better service continuity compared to re-establishment, we think this should be pursued in NTN mobility enhancements.
Proposal 9 Upon RACH-less HO failure, UE falls back to RACH-based HO if RACH configuration is provided in the HO command.

RACH-less time-based CHO?
An open issue on combining RACH-less HO with time-based CHO was discussed in the last meeting but no agreement was made. So far in NR NTN, for both time-based CHO and location-based CHO, CHO execution condition is tightly associated with RSRP measurement. That is, even for time-based CHO, the CHO execution timing is unknown by the network. We think that this handover timing’s uncertainty would raise a lot of challenges for the network implementation, e.g. for the case of pre-allocated grant, how long should the target cell maintain the validity of pre-allocated grant? And for the case of dynamic grant, when should the target cell start to send dynamic grant in PDCCH? In summary, enabling combination of RACH-less HO with time-based CHO will either cause CG or PDCCH resource waste (if network aggressively pre-allocates or schedule grant) or increase the RACH-less HO failure rate (if network pre-allocates or schedule grant too conservatively or too late). We think this kind of enhancement should not be considered in this release.
Proposal 10 RACH-less time-based CHO is not supported.
2.3 Unchanged PCI
In the last RAN2 meeting, RAN2 made the following agreements related to unchanged PCI.

Agreements:

· t-Service in SIB19 can also be interpreted by Rel-18 UE in Connected mode to know that a satellite change or feeder link change happens

· In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero). 

As many open issues have been covered by the post-meeting email discussion, here we would like to discuss another issue on whether to combine RACH-less HO with unchanged PCI which was raised in RAN2#122 online session. One thing should be noted that RACH-less HO is targeting at L3-based mobility and can be applicable to many handover scenarios, like intra/inter-satellite or intra/inter-GW HO cases. In theory, it should be able to combine with unchanged PCI. However, the current unchanged PCI mechanism is happening in the same cell and the intention is to not involve L3-based mobility. We think that at least the current RACH-less HO signaling, e.g. providing RACH-less HO command, NTA, etc. via RRC signalling, cannot be directly reused. On the other hand, since this unchanged PCI happens in the same cell, one way to “implement” RACH-less HO maybe does not require extra effort but relying on existing procedures. For example, after satellite switch, as long as TAT timer is still running and UE has the new satellite’s valid assistance information (e.g. ephemeris and common TA, etc.), UE will not be required to perform RACH towards the new satellite.
Proposal 11 For unchanged PCI, whether UE performs RACH after satellite switch can depend on whether the TAT timer is still running. RAN2 does not explicitly address the combination of RACH-less HO with unchanged PCI.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Common (C)HO signalling:
Proposal 1 Support common (C)HO signalling at least for the intra-gNB HO case, whether to support for inter-gNB HO case can wait for RAN3’s feedback.
Proposal 2 A new SIB is used to broadcast the target cell’s servingCellConfigCommon. 

Proposal 3 When to broadcast the new SIB is up to network’s implementation, e.g. before satellite switching for the quasi-earth fixed cell scenario.

Proposal 4 UE acquires the “complete” handover command by combining the target cell’s servingCellConfigCommon broadcasted by the serving cell and the target cell’s configuration within the received handover command.

RACH-less HO:
Proposal 5 For pre-allocated grant for initial UL transmission in RACH-less HO, target cell provides in HO command the association between the pre-allocated grant and SSB index and the RSRP threshold. UE selects SSB and the pre-allocated grant in the same way as CG-SDT.
Proposal 6 For dynamic grant for initial UL transmission in RACH-less HO, HO command should be able to indicate at least single beam for UE to monitor the target cell PDCCH scheduling the first PUSCH based on the indicated beam. Whether indicating multiple beams can wait for further RAN1’s progress.
Proposal 7 Pre-allocated UL grant should be indicated within ntn-rach-lessHO.
Proposal 8 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.
Observation 1
Upon RACH-less HO failure, initiating re-establishment is less optimal compared to initiating RACH-based HO in the same cell.
Proposal 9 Upon RACH-less HO failure, UE falls back to RACH-based HO if RACH configuration is provided in the HO command.

Proposal 10 RACH-less time-based CHO is not supported.

Unchanged PCI:
Proposal 11 For unchanged PCI, whether UE performs RACH after satellite switch can depend on whether the TAT timer is still running. RAN2 does not explicitly address the combination of RACH-less HO with unchanged PCI.
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