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[bookmark: _Ref35586532]Introduction
For the unchanged PCI mechanism, there are several leftover issues on the (re)synchronization procedure and definition of ssb-TimeOffset that need to be further discussed this meeting, as recorded by the Rapporteur in [Post125][301][NR-NTN Enh] as follows:
	The following topics seem to present split views and should be further clarified next meeting:
· Whether it is necessary to specify in RRC procedural text when UE applies DL sync upon satellite switch with re-sync.
· Which satellite serves as the uplink reference point for SSB-index in SatSwitchWithReSync.
· Applicability of V500. It is unclear whether a clarification is strictly needed in case both epochTimes are configured, given they refer to different satellites.


[bookmark: _GoBack]In this contribution, we will provide corresponding solutions on these issues with TP proposed.
Discussion
Correction on when UE applies DL sync in satellite switch with resync procedure
In RAN2#125, it was agreed that in the case of soft satellite switching, the UE acquires DL sync of the target satellite during t-ServiceStart and t-Service, and then applies the acquired DL sync and start accessing the target satellite not before t-Service. [1]
1. For soft satellite switch, UE shall apply the acquired DL timing and start accessing the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) not before t-Service 
2. For soft satellite switch, UE shall start acquiring the DL synchronization information for the target satellite from t-ServiceStart, while maintaining the connection with source satellite.
The corresponding procedures in the spec are excerpted as follow [2]. 
	[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][bookmark: _Toc46480459][bookmark: _Toc162894041]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19 in an NTN cell, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
1>	if SatSwitchWithReSync and t-Service are included, and the UE supports hard satellite switch with resynchronization;
2>	if t-ServiceStart is included and the UE supports soft satellite switch with resynchronization:
3>	start acquiring DL synchronization with the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync between the time indicated by t-ServiceStart and the time indicated by t-Service for the serving cell.
2>	perform the satellite switch with resynchronization as specified in 5.7.19 at the time indicated by t-Service for the serving cell.
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
5.7.19	Satellite switch with resynchronization in RRC_CONNECTED
The UE shall:
1>	stop timer T430 if running;
1>	inform lower layers that UL synchronisation is lost due to satellite switch with resynchronization;
1>	start synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync, if the UE has not acquired DL synchronization;
1>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime in ntn-Config in SatSwitchWithReSync;
1>	inform lower layers when UL synchronisation is obtained.


In accordance with the procedure highlighted in yellow, the case that the UE has already acquired DL timing of the target satellite before t-Service is excluded. That is, the current procedure does not specify when/how the UE which has acquired DL timing of the target satellite before t-Service shall apply the acquired DL timing and access to the target satellite, so that the agreement that "UE shall apply the acquired DL timing and start accessing the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) not before t-Service " is not actually reflected for such a UE.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Observation 1: Per current procedures in 5.7.19, the agreement "UE shall apply the acquired DL timing and start accessing the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) not before t-Service" is missing in the specification for a UE that has already acquired Target DL timing before t-Service.
On top of above observation, it can be seen that in soft satellite switching case the time point for lower layer to apply the target satellite’s DL timing needs to be controlled by RRC layer accurately; otherwise, the UE may still keep using the DL timing of and maintaining the connection with the source satellite even after t-Service, which will result in RLF (due to the source satellite having already stopped service). 
As a result, the Spec needs to specify when the UE apply the DL timing of the target cell, if the UE has acquired DL timing before t-Service. There are two options to support that: 
· Option 1: Split the cases where the UEs has or has not acquired target satellite’s DL timing before t-Service, where the UE in the former case will inform lower layers to apply the acquired DL timing and consider itself to be re-synchronised to the SpCell, whilst the UE in later case will start synchronising to the DL of the target satellite. 
· Option 2: Keep the operation "start synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync" for all UEs, including the UE which has not acquired target satellite’s DL timing and the UE which has acquired target satellite’s DL timing, and clarify in a NOTE that the UE may omit reading the MIB if the UE has already required target's timing information. This option is similar with the reconfiguration with sync procedure in section 5.3.5.5.2, as shown below [2].
	2>	start synchronising to the DL of the target SpCell;
2>	apply the specified BCCH configuration defined in 9.1.1.1 for the target SpCell;
2>	acquire the MIB of the target SpCell, which is scheduled as specified in TS 38.213 [13];
2>	if NTN-Config is configured for the target cell:
3>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime, according to the target cell NTN-Config;
NOTE 1:	The UE should perform the reconfiguration with sync as soon as possible following the reception of the RRC message triggering the reconfiguration with sync, which could be before confirming successful reception (HARQ and ARQ) of this message.
NOTE 2:	The UE may omit reading the MIB if the UE already has the required timing information, or the timing information is not needed for random access.


The TPs for above Option 1 and 2 are both given in the Annex A. Comparing the two options, we slightly prefer option 2, since it imitates similar descriptions ever been used for some other procedures as precedent, and avoids also concerns from companies to explicitly specify how to control DL sync application in RRC layer.
Proposal 1: Add a Note in 5.7.19 clarifying that the UE which has already acquired the timing of the target satellite may omit acquiring the DL timing when the UE starts synchronising to the DL of the target satellite. 
Proposal 1a: Adopt the TP for Option 2 in Annex A.
Discussion on the definition of ssb-TimeOffset
There were some RILs proposed at last meeting on how ssb-TimeOffset is exactly defined and what the reference point actually is for the ssb-TimeOffset setting. However, due to the lack of time, no conclusion was reached. The current definition of ssb-TimeOffset is excerpted as follow [2]. We address the above two issue as follows.
	ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. It is given in number of subframes.


Issue#1: Divergence on the reference point of the ssb-TimeOffset
	Proposal 3	The ssb-TimeOffset within the SatSwitchWithReSync IE indicates the time offset between the SSB from source and target satellite at the gNB (instead of at the UL time synchronization reference point).
-	Oppo thinks this could align to other description but there is no real need to change this. QC agrees. CMCC agrees
-	HW supports this proposal. CATT/ZTE also support
· We can come back to this in the next meeting


In RAN2#125, it was proposed to change reference point of ssb-TimeOffset as the gNB, so that it could align with other definitions, e.g. smtc4list. We tend to agree with the proposal to make the mechanism more unified and simple for NW implementation. 
Proposal 2: Clarify that reference point of ssb-TimeOffset is the gNB, and specify this in the field description of ssb-TimeOffset as "Indicates the time offset between the SSB from source and target satellite at the gNB".
Issue#2: Clarify the time end points of the ssb-TimeOffset.
In RAN2#125, it has been questioned that the description of time offset between the SSB from source and target satellite is not accurate enough for the UE to determine the SSB window of the target satellite. 
From our perspective, the current description is enough. Some companies proposed to introduce the SSB burst configuration for target satellite which we think is not needed. The parameters ssb-PositionsInBurst and ssb-periodicityServingCell are within ServingCellConfigCommon/ServingCellConfigCommonSIB which is a part of the system information. Considering that the SSB pattern provided by the target satellite should typically be the same as the SSB provided by the source satellite and they are serving the same cell, the SSB pattern does not need to be updated and re-sent to UE via satSwitchWithReSync by SIB19. Furthermore, even if it needs to be updated, the SI updated procedure could work.
Observation 2: The ssb-PositionsInBurst and ssb-periodicityServingCell do not need to be changed, as they are for the same serving cell after satellite switch with unchanged PCI.
Another issue is that with the SSB burst could across subframes, how to define the boundary of the ssb-TimeOffset. One simply way is to clarify that the time offset is between the start subframe of the SSB burst from source and target satellite.
Proposal 3: Clarify that the ssb-TimeOffset refers to the time offset between the start subframe of the SSB burst from source and target satellite.
Based on proposal 2 and proposal 3, a TP is given accordingly in Annex B.
Proposal 4: Adopt the TP in Annex B.
Conclusion
In this contribution, leftover issues on the synchronization procedure and definition of ssb-TimeOffset are discussed with giving corresponding solutions:
Observation 1: Per current procedures in 5.7.19, the agreement "UE shall apply the acquired DL timing and start accessing the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) not before t-Service" is missing in the specification for a UE that has already acquired Target DL timing before t-Service.
Observation 2: The ssb-PositionsInBurst and ssb-periodicityServingCell do not need to be changed, as they are for the same serving cell after satellite switch with unchanged PCI.
Proposal 1: Add a Note in 5.7.19 clarifying that the UE which has already acquired the timing of the target satellite may omit acquiring the DL timing when the UE starts synchronising to the DL of the target satellite. 
Proposal 1a: Adopt the TP for Option 2 in Annex A.
Proposal 2: Clarify that reference point of ssb-TimeOffset is the gNB, and specify this in the field description of ssb-TimeOffset as "Indicates the time offset between the SSB from source and target satellite at the gNB".
Proposal 3: Clarify that the ssb-TimeOffset refers to the time offset between the start subframe of the SSB burst from source and target satellite.
Proposal 4: Adopt the TP in Annex B.
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Annex A: TP to 5.7.19, TS 38.331
TP for option 1
[bookmark: _Toc162894409]5.7.19	Satellite switch with resynchronization in RRC_CONNECTED
The UE shall:
1>	stop timer T430 if running;
1>	inform lower layers that UL synchronisation is lost due to satellite switch with resynchronization;
1>	if DL synchronization for the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync has already been acquired as specified in 5.2.2.4.21;
2> apply the DL synchronisation and consider itself to be re-synchronised to the SpCell; 
1> else:
2> start synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync, if the UE has not acquired DL synchronization;
1>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime in ntn-Config in SatSwitchWithReSync;
1>	inform lower layers when UL synchronisation is obtained.
TP for option 2
5.7.19	Satellite switch with resynchronization in RRC_CONNECTED
The UE shall:
1>	stop timer T430 if running;
1>	inform lower layers that UL synchronisation is lost due to satellite switch with resynchronization;
1>	start synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync, if the UE has not acquired DL synchronization;
NOTE:	The UE may omit reading the MIB if the UE already has the required timing information.
1>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime in ntn-Config in SatSwitchWithReSync;
1>	inform lower layers when UL synchronisation is obtained.
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Annex B: TP to TS 38.331 for proposal 2/3
[bookmark: _Toc162894673]–	SIB19
SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK143][bookmark: OLE_LINK145]    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
    ntnCovEnh-r18                            NTN-CovEnh-r18                                  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
}

NTN-CovEnh-r18 ::=                       SEQUENCE {
    rsrp-ThresholdMsg4-r18                   RSRP-Range                                             OPTIONAL,       -- Need R
    numberOfMsg4-RepetitionsList-r18         SEQUENCE (SIZE(1..4)) OF NumberOfMsg4-Repetitions-r18  OPTIONAL,       -- Need R
    ...
}

NumberOfMsg4-Repetitions-r18 ::=         ENUMERATED {n1, n2, n4, n8}

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
}

-- TAG-SIB19-STOP
-- ASN1STOP

	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m. This field is only present in an NTN cell.

	movingReferenceLocation
Reference location of the serving cell of an NTN Earth moving system at a time reference. It is used in the evaluation of eventD2 and condEventD2 criteria for the serving cell in RRC_CONNECTED, and location-based measurement initiation in RRC_IDLE and RRC_INACTIVE when distanceThresh is also configured, as defined in TS 38.304 [20]. The time reference of this field is indicated by epochTime in ntn-Config of the serving cell. This field is excluded when determining changes in system information, i.e., changes to movingReferenceLocation should neither result in system information change notifications nor in a modification of valueTag in SIB1. This field is only present in an NTN cell.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch. In a TN cell, this field is only present in ntn-NeighCellConfigList and ntn-NeighCellConfigListExt.

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies. Network provides ntn-Config for the first entry of ntn-NeighCellConfigList. If the ntn-Config is absent for any other entry in ntn-NeighCellConfigList, the ntn-Config provided in the previous entry in ntn-NeighCellConfigList applies.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. This field is only present in an NTN cell.

	satSwitchWithReSync
Provides parameters for the target satellite required to perform satellite switch with resynchronization. This field is only present in an NTN cell and its presence indicates that satellite switch without PCI change is supported in the cell.

	t-Service
Indicates the time information on when a cell provided via NTN system is going to stop serving the area it is currently covering. This field applies for both service link switches in NTN quasi-Earth fixed system and feeder link switches for both NTN quasi-Earth fixed and Earth moving system. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. The reference point for t-Service is the uplink time synchronization reference point of the cell. This field is only present in an NTN cell.



	NTN-CovEnh field descriptions

	numberOfMsg4-RepetitionsList
The number of repetitions for PUCCH transmission for Msg4 HARQ-ACK, see clause 9.2.6 in TS 38.213 [13]. The value {n1} needs to be configured with another value from the list {n2, n4, n8}. If more than one value is configured, a single value from the configured values is indicated in DCI.

	rsrp-ThresholdMsg4
This threshold used by the UE for determining the report of the capability of PUCCH repetition for Msg4 HARQ-ACK if numberOfMsg4-RepetitionsList is provided, as specified in TS 38.321 [3]. 



	satSwitchWithReSync field descriptions

	ssb-TimeOffset
Indicates the time offset between the start subframe of the SSB burst from source and target satellite at the uplink time synchronization reference pointgNB. It is given in number of subframes.

	t-ServiceStart
Indicates the time information on when the target satellite is going to start serving the area currently covered by the serving satellite. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1st January 1900 (midnight between Sunday, December 31, 1899, and Monday, January 1, 1900). The exact start time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. The reference point for t-ServiceStart is the uplink time synchronization reference point of the serving satellite.



