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[bookmark: _Ref53759895]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#113 meeting, we agreed A4 event as the baseline in NTN CHO. However, as the RSRP/RSRQ of center of a NTN cell is not much different with the edge of the cell in NTN system, the other additional event is needed to combine with A4 event. In the RAN2#113bis meeting, we agree the distributions of location and time information in CHO execution triggering. Agreements related to CHO from RAN2#113bis:
Agreements:
1.	Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
2.	Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3.	The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE
In RAN2 113bis-e meeting, we agreed one or more SMTC configuration(s) associated to one frequency can be configured. Solution details are FFS. In this section we will further discuss the details of SMTC configuration. 
Agreements related to SMTC and measurement gaps from RAN2#113bis-e:
Agreements - via email (from offline [106])
1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.
Agreements online:
1. Measurement gaps enhancements should be supported. FFS on the details

Discussion
CHO solutions
Serving cell time information
In the RAN2#113bis meeting, we agree the time information in CHO execution triggering for NTN described as the start serving time of target cell as option a. Some companies also think option c - time until when the source cell provides coverage (stop time of serving cell) should be considered. The potential time information description has been summarized in offline#107 email-discussion as following:
a) Time since when the UE can access the candidate CHO target cell
b) Time until when the UE can access the candidate CHO target cell
c) Time until when the source cell provides coverage
d) Other  
If time information in CHO execution triggering for NTN only involve the start time of candidate cell, UE may not aware of the stop time of the serving cell, RLF may be detected before access to the new target cell.
So the UE also need to consider the remaining serving time of source cell. Thus, the serving cell time information should be considered for time information in CHO execution triggering for NTN, e.g. time until when the source cell provides coverage.
In this section, stop time of serving cell will be analyzed separately for both feeder link and service link as following:
For soft switch of feeder link, the stop time of serving cell is after start serving time of target cell. When the start serving time of target cell is met, UE can switch to the target cell with no problem. 
For hard switch of feeder link, the stop time of serving cell is before start serving time of target cell. When the start serving time of target cell is met, UE may meet the radio link failure because there is a gap between the stop time of serving cell and start serving time of target cell. In this case, system information should include the stop time of serving cell. UE can execute the handover procedure when the stop time of serving cell is met, and initiate the random access procedure when start serving time of target cell is met. That would avoid the UE enter the RLF due to the gap between the stop time of serving cell and start serving time of target cell.
Proposal 1: The serving cell time information should also be considered in CHO execution triggering for NTN, e.g. time until when the source cell provides coverage.
The time/location-based trigger condition used combined with RRM measurement

RRM measurement is the most essential condition for CHO. Time/location-based trigger condition based condition should be used together with the RRM (RSRQ/RSRP events (Ax))

If only consider the time/location-based triggers for CHO in NTN system, late handover or early handover may happen due to UE is not aware of the signalling strength of the serving cell and the target cell(s). E.g., UE may not be able to connect to the target cell due to the poor link quality when the time/location-based triggers are met but RSRP/RSRQ of the target cell is not good enough. 
Observation 1: Early or late handover may happen if only the time/location based triggers are considered for CHO in NTN. 
RSRP/RSRQ event should be the most essential event to trigger the CHO, while the time based info/location based info could be used as the assistance info. The simplest way is to broadcast the time/location based info in the SI of each serving cell. UE could initiate the RRM measurement of the candidate neighbor cells according to the assistance info. When the A4 event is satisfied, CHO will be triggered.
Proposal 2: Time-based or location-based triggering shall be always combined with RSRQ/RSRP events (A4) for CHO triggering or measurement report triggering.
SMTC and Measurement gaps
SMTC configuration
The moment of SSB transmitted in NW (offsettansmitted) and the moment of SSB received in UE (offsetreceived ) is not matched due to the propagation delay between satellite and UE. And the propagation delay is always changed with the satellite movement. This is different from TN network that the moment of SSB appeared in NW and the moment of SSB received in UE is generally matched. The propagation delay between satellite and UE can be neglected in TN network. 
Note: offsettansmitted + propagation delay = offsetreceived
SMTC configuration has two options:
Option 1: NW compensated the propagation delay. (The offset of SMTC configuration is offsetreceived)
Option 2: UE compensated the propagation delay. (The offset of SMTC configuration is offsettansmitted)
For Option 1, NW compensated the propagation delay require the offset add the offsettransmitted and propagation delay. When UE received the SMTC configuration, UE will know the SSB appeared time with nothing else operation.
For Option 2, UE add the propagation delay and offset can get the time when SSB appears at the receiving part after received SMTC configuration. From the reduction complexity and power saving of UE, option 1 may be better.
Proposal 3: NW compensated the propagation delay for SMTC configuration. (The offset of SMTC configuration is offsetreceived) 

Measurement gaps
Whether single or multiple SMTC configurations, the offset of measurement gap should apply to the offset of SMTC configuration. Otherwise, UE would miss the SSB of neighbor cell. Network should be able to configure multiple offset to cover the multiple offset of SMTC configuration.
RAN2 should aim to minimize measurement gaps. If the measurement gaps are too long or too much, it will waste transmission resources. 
Proposal 4: Network should be able to configure multiple offset of measurement gap to apply the multiple offset of SMTC configuration. 
GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}




SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                                   INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}GapConfig ::=                       SEQUENCE {



Conclusion
In section 2, we made the following observations:
Observation 1: Early or late handover may happen if only the time/location based triggers are considered for CHO in NTN. 
Based on the discussion in section 2, we propose the following:
Proposal 1: The serving cell time information should also be considered in CHO execution triggering for NTN, e.g. time until when the source cell provides coverage.
Proposal 2: Time-based or location-based triggering shall be always combined with RSRQ/RSRP events (A4) for CHO triggering or measurement report triggering.
Proposal 3: NW compensated the propagation delay for SMTC configuration. (The offset of SMTC configuration is offsetreceived) 
Proposal 4: Network should be able to configure multiple offset of measurement gap to apply the multiple offset of SMTC configuration. 
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