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[bookmark: _Ref165266342]Introduction
[bookmark: _Hlk158301181]At the stage of ASN.1 review, we propose comments on determining epochTime/ntn-UlSyncValidityDuration (i.e., V500 and V501), in this contribution, we will elaborate on our intentions more detail and give our proposals.
Furthermore, two open issues for satellite switch with re-sync procedure are listed by the rapporteur, we will also discuss these two issues and give our proposals.
Discussion
[bookmark: OLE_LINK6]Clarify the value of epochTime/ntn-UlSyncValidityDuration for neighbor cell
According to the current specification [1], if neighbor cell’s epochTime/ntn-UlSyncValidityDuration is absent in ntn-Config provided via NTN-NeighCellConfig, UE uses epoch time/validity duration of the serving cell. The field descriptions of epochTime and ntn-UlSyncValidityDuration are excerpted as follows.
	epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, the EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. For serving cell, the field sfn indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received. For neighbour cell, the sfn indicates the SFN nearest to the frame where the message indicating the epochTime is received. The reference point for epoch time of the serving or neighbour NTN payload ephemeris and Common TA parameters is the uplink time synchronization reference point when this field is provided in an NTN cell and the gNB when this field is provided in a TN cell. If this field is absent for the serving cell, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when ntn-Config is provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time of the serving cell, otherwise the field is based on the timing of the serving cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the serving cell. In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. For the target cell the UE considers epoch time, indicated by the SFN and sub-frame number in this field, to be the frame nearest to the frame in which the message indicating the epoch time is received. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	ntn-UlSyncValidityDuration
A validity duration configured by the network for assistance information (i.e. Serving and/or neighbour satellite ephemeris and Common TA parameters) which indicates the maximum time duration (from epochTime) during which the UE can apply assistance information without having acquired new assistance information.
The unit of ntn-UlSyncValidityDuration is second. Value s5 corresponds to 5 s, value s10 indicate 10 s and so on. This parameter applies to both connected and idle mode UEs. If this field is absent in ntn-Config provided via NTN-NeighCellConfig, the UE uses validity duration from the serving cell assistance information. This field is excluded when determining changes in system information, i.e. changes of ntn-UlSyncValidityDuration should neither result in system information change notifications nor in a modification of valueTag in SIB1. ntn-UlSyncValidityDuration is only updated when at least one of epochTime, ta-Info, ephemerisInfo is updated.


[bookmark: OLE_LINK145][bookmark: OLE_LINK143][bookmark: OLE_LINK144]However, when satellite switch with re-sync is configured, there are two epoch time values for the serving cell i.e., one indicated via the Rel-17 ntn-Config field (which is green highlighted), while another via the Rel-18 ntn-Config field in SatSwitchWithReSync (which is blue highlighted), it is unclear that which one to be used by UE to determine the value of neighbor cell’s epochTime/ntn-UlSyncValidityDuration if it is absent in ntn-Config provided via NTN-NeighCellConfig.

SIB19-r17 ::= SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
    [[
    movingReferenceLocation-r18              ReferenceLocation-r17                           OPTIONAL,       -- Need R
    satSwitchWithReSync-r18                  SatSwitchWithReSync-r18                         OPTIONAL        -- Need R
    ]]

}

NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}

SatSwitchWithReSync-r18 ::=              SEQUENCE {
    ntn-Config-r18                           NTN-Config-r17,
    t-ServiceStart-r18                       INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    ssb-TimeOffset-r18                       INTEGER (0..159)                                OPTIONAL        -- Need R
}
In our understanding, we can discuss UE behavior in determining neighbor cell’s epochTime/ntn-UlSyncValidityDuration in three time periods:
a) Before satellite switch with re-sync procedure;
b) During satellite switch with re-sync procedure;
c) After satellite switch with re-sync procedure.
Before satellite switch with re-sync procedure, UE uses the serving cell’s satellite assistance information indicated via the Rel-17 ntn-Config field (e.g., to maintain sync). So for determining neighbor cell’s epochTime/ntn-UlSyncValidityDuration, this field is used. The ntn-Config field indicated via the Rel-18 field in SatSwitchWithReSync is for providing the assistance information for target satellite, after satellite switch with re-sync procedure, UE uses the serving cell’s satellite assistance information indicated via the Rel-18 ntn-Config field in SatSwitchWithReSync (e.g., to maintain sync), so the Rel-18 IE is also used for determining neighbor cell’s epochTime/ntn-UlSyncValidityDuration.
[bookmark: _GoBack]The neighbor cell’s assistance information in SIB19 is used to perform neighbor cell measurement and may be used in handover procedure. During satellite switch with re-sync procedure, UE won’t perform nieghbor cell measurement and handover, so ephemeris for neighboring cells are not useful, it can be UE implementation to use Rel-17 ntn-Config IE or Rel-18 IE (i.e., ntn-Config in SatSwitchWithReSync) to determine neighbor cell’s epochTime/ntn-UlSyncValidityDuration.
Proposal 1: If epochTime/ ntn-UlSyncValidityDuration for neighbor cell is not provided in SIB19 and ntn-Config in SatSwitchWithReSync IE is present:
· UE uses the epochTime/ ntn-UlSyncValidityDuration for source satellite before satellite switch with re-synchronization
· UE uses the epochTime/ ntn-UlSyncValidityDuration in SatSwitchWithReSync after satellite switch with re-synchronization.
Open issues for satellite switch with re-sync
Regarding satellite switch with re-sync, the following open issues are listed by the rapporteur.
	· [bookmark: _Hlk158891611][bookmark: _Hlk158890749]For satellite switch with re-sync, ntn-Config provided in SIB19 as part of the IE SatSwitchWithReSync is mandatory included. There were split views whether this information could be optionally present.
· In the soft-switch scenario for satellite switch with re-sync, the current procedure establishes that the UE declares UL sync lost for the source satellite upon switch determination before it starts to re-synchronize to the target satellite. However, it is unclear whether this is necessary and the UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.


[bookmark: OLE_LINK1]In the current specification [1], ntn-Config provided in SIB19 as part of the IE SatSwitchWithReSync is mandatory included if satellite switch with re-sync is configured, the ASN.1 code is excerpted as follows. 
SIB19-r17 ::= SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
    [[
    movingReferenceLocation-r18              ReferenceLocation-r17                           OPTIONAL,       -- Need R
    satSwitchWithReSync-r18                  SatSwitchWithReSync-r18                         OPTIONAL        -- Need R
    ]]
 
}
 
NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17
 
NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}
 
SatSwitchWithReSync-r18 ::=              SEQUENCE {
    ntn-Config-r18                           NTN-Config-r17,
    t-ServiceStart-r18                       INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    ssb-TimeOffset-r18                       INTEGER (0..159)                                OPTIONAL        -- Need R
}
 
But during ASN.1 review stage, some companies think that ntn-Config in IE SatSwitchWithReSync should be optional for satellite switch with re-sync. From our perspective, UE behavior is more complex and performance deteriorates if ntn-Config in IE SatSwitchWithReSync is optional for satellite switch with re-sync. After the satellite switch, UE anyway needs to re-synchronize with the target satellite and the ephemeris information of the target satellite is needed. If ntn-Config in IE SatSwitchWithReSync is not present, UE can only rely on re-acquiring SIB19 to obtain the ephemeris of the target satellite. For hard satellite switch, at t-Service, UE first needs to obtain SIB19 then synchronization can be performed after obtaining SIB19, resulting in increased latency for satellite switch with re-sync. For soft satellite switch, during the time indicated by t-ServiceStart to t-Service, SIB19 provided by the network may be for source satellite or target satellite, so UE can only wait until after t-Service to receive SIB19 to obtain the assistance information for target satellite, then synchronization can be performed, which also resulting in increased latency for satellite switch with re-sync.
Based on our analyses above, in order to make UE behavior simpler and performance better, ntn-Config provided in SIB19 as part of the IE SatSwitchWithReSync should be mandatory included.
[bookmark: _Hlk159250368]Proposal 2: The ntn-Config-r18 is mandatory included in the IE SatSwitchWithReSync. No change is needed in the current spec.
Regarding the issue of whether UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite in the soft-switch scenario for satellite switch with re-sync, We think there is no benefit and it is infeasible to maintaining UL synchronization to the source satellite while obtaining DL synchronization from the target satellite since UL transmission is not needed during satellite switch with re-sync. Specifically, from the UE implementation point of view, as per TS 38.211 and TS 38.133, the UL synchronization timing is maintained based on the DL synchronization timing of PCell in the case of NTN. So, once the UE obtains DL synchronization from the target satellite, then the UL synchronization timing accordingly updates. As a result, the original source UL synchronization timing is not maintained any more. 
	TS 38.211 subclause 4.3.1:

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters ta-Common, ta-CommonDrift, and ta-CommonDriftVariant if configured, otherwise ;
[bookmark: _Hlk86996296]-	 given by clause 4.2 of [5, TS 38.213] is computed by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured, otherwise .


Figure 4.3.1-1: Uplink-downlink timing relation.
[bookmark: _Toc535475928]TS 38.133 subclause 7.1.1:

The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.


Observation 1: Uplink synchronization is maintained by the current DL frames timing. It is complicated for UE to determine the uplink frame if maintains UL synchronization to the source satellite while obtaining DL synchronization from the target satellite.
Take one step back, even if the UE has the capability to store the original source UL synchronization timing, transmitting UL transmission based on that timing may cause severe interference to the DL transmission (e.g. SSB) of the target satellite if the UL transmission occasion allocated by the source satellite is overlapped with DL transmission occasion of the target satellite in the time domain.
Based on the above analysis, we have the following proposal, 
Proposal 3: UE considers UL synchronization to the source satellite is lost when starting DL synchronization to the target satellite. No change is needed in the current spec.
[bookmark: _Toc502437832]Conclusions
This contribution has discussed the remaining issues on satellite switch with re-sync in Rel-18 NTN and given the following observation and proposals. 
Proposal 1: If epochTime/ ntn-UlSyncValidityDuration for neighbor cell is not provided in SIB19 and ntn-Config in SatSwitchWithReSync IE is present:
· UE uses the epochTime/ ntn-UlSyncValidityDuration for source satellite before satellite switch with re-synchronization
· UE uses the epochTime/ ntn-UlSyncValidityDuration in SatSwitchWithReSync after satellite switch with re-synchronization.
Proposal 2: The ntn-Config-r18 is mandatory included in the IE SatSwitchWithReSync. No change is needed in the current spec.
Observation 1: Uplink synchronization is maintained by the current DL frames timing. It is complicated for UE to determine the uplink frame if maintains UL synchronization to the source satellite while obtaining DL synchronization from the target satellite.
Proposal 3: UE considers UL synchronization to the source satellite is lost when starting DL synchronization to the target satellite. No change is needed in the current spec.
Reference
[1] TS 38.331 NR; Radio Resource Control (RRC) protocol specification
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