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Introduction
In this paper, we discuss the following issues for satellite switch with re-sync and unchanged PCI:
1. whether ntn-Config provided in SIB19 as part of the IE SatSwitchWithReSync can be optional;
2. Whether RRM measurement event is applicable (RIL H790, H791);
3. SIB19 acquisition after switch (H062).

And discuss how to implement RRC parameters for PDCCH repetition for Msg4 HARQ ACK (S481, H009)
[bookmark: _Hlk143643250]Discussion
[bookmark: _Hlk159223008][Z333] ntn-Config in SatSwitchWithReSync
In Rel-18, satellite switch with resync and unchanged PCI is introduced to support hard satellite switch and soft satellite switch. Currently, ntn-Config for the target satellite is mandatory in SatSwitchWithReSync in SIB19. 
[bookmark: _Hlk158753865]For soft satellite switch, the target satellite starts to serve the serving cell’s coverage area before t-Service (i.e., the service stop time of the source satellite). It is possible that the target satellite is one of the satellites providing neighbor cells in SIB19. In this case, the target satellite’s ephemeris is already included in one NTN-NeighCellConfig and should not be duplicated in SatSwitchWithReSync. The other cell-specific parameters in ntn-Config (e.g., cellSpecificKoffset, ta-Info, etc.) are still needed. To avoid duplicated ephemeris, an index pointing to the ephemeris of the neighbor cell can be include in SatSwitchWithReSync, while keep ntn-Config in SatSwitchWithReSync mandatory present.
Observation 1: For soft satellite switch, the target satellite can be one of the satellites providing neighbor cells in SIB19 and the ephemeris is already included in one NTN-NeighCellConfig.
Proposal 1: [Z333] ntn-Config is always present in SatSwitchWithReSync, in which ephemeris can be absent. 
Proposal 2: Include an index in SatSwitchWithReSync pointing to the ephemeris of the neighbor cell in NTN-NeighCellConfig. Adopt the TP in the Appendix. 

[H790, H791]
In RIL H790 and H791, whether RRM events are applicable for satellite switch with resync and unchanged PCI by treating the target satellite as a neighbor cell. In our understanding, the application scenario of satellite switch with resync and unchanged PCI is that the target satellite starts to serve the serving cell’s coverage from the switch start time (t-ServiceStart, or t-Service), Although the target satellite may serve some other neighbor cells before t-ServiceStart, these neighbor cells are not overlapping with the current serving cell’s coverage. NW controls the switch purely based on the location/timing, and RRM measurement is not needed. Similarly, in Rel-18 we have supported CHO triggered solely by a location-/time-based conditional event without an RRM event. 
For the other neighbor cells provided by the target satellite, different PCI and configuration are provided by the NW and legacy RRM operation should be followed. Thus, RRM measurement events and SMTC for the serving cell of the target satellite are not necessary in satellite switch with resync and unchanged PCI. 
Observation 2: The application scenario of satellite switch with resync and unchanged PCI is that the target satellite starts to serve the serving cell’s coverage from the switch start time (t-ServiceStart, or t-Service), it may serve other area before t-ServiceStart. NW controls the PCI unchanged switch purely based on the location/timing, and RRM measurement is not needed.
Proposal 3: [H790, H791] RRM measurement events and SMTC for the serving cell of the target satellite are not considered in satellite switch with resync and unchanged PCI.

[H062]
It was discussed in the last meeting CR review that whether UE should acquire SIB19 after satellite switch with resync. We think the issue identified in H062 is valid. The neighbour cell information and t-Service that are not provided in SatSwitchWithReSync may change due to the change of satellite, so it is necessary to acquire SIB19 after satellite switch.  
Observation 3: The neighbour cell information and t-Service that are not provided in SatSwitchWithReSync may change due to the change of satellite.
Proposal 4: [H062] UE acquires SIB19 after satellite switch with re-sync (at the end of the satellite switch with re-sync procedure, add the step of acquiring SIB19).

[bookmark: _Hlk159223172][S481, H009] RRC parameters for PDCCH repetition for Msg4 HARQ ACK 
In RAN1’s RRC parameter list (R1-2312697), two RRC parameters are requested to support PDCCH repetition for Msg4 HARQ ACK.
	Parameter name in the spec
	Description
	Value range
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification
	Comment

	[bookmark: _Hlk158752083]numberOfPUCCHforMsg4HARQACK-RepetitionsList
	Indicates the number of repetitions for PUCCH transmission for Msg4 HARQ-ACK. If multiple values are configured, a single value from the configured values is indicated in DCI.
	One or more of {1,2,4,8} except for {1}
	Per cell
	Yes
	38.331
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
• i.e., configuration of only ‘1’ is not supported.
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
• One or more repetition factors may be configured via SIB
o If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
- FFS: whether UE requests repetition or indicates repetition capability
o If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
- FFS: whether UE requests repetition or indicates repetition capability
- FFS: whether repetition factor is indicated by UE
o FFS: UE behavior when repetition factor is not configured via SIB
o FFS: whether one or more UE capabilities are needed for the above is for further discussion

RP-232665 Offline discussion summary on Rel-18 NR-NTN PUCCH enhancements for Msg4 HARQ-ACK           NTT DOCOMO
Conclusion: proposal on slide 4 is endorsed.
• PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided
• No additional RAN1 work to support this behavior is assumed
• It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'
• FG 44-1 is used to indicate the support of this feature

	[bookmark: _Hlk158752130]rsrp-ThresholdPUCCHforMsg4HARQACK
	If this parameter is configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold indicated by this parameter.
If this parameter is not configured,and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK  reports the capability of PUCCH repetition for Msg4 HARQ-ACK
	RSRP-range
	Per cell
	Yes
	38.331
	Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
• A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
o If the RSRP threshold is configured,
- UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
o If the RSRP threshold is not configured,
- UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
o Alt B: New RSRP threshold is introduced.
- Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
- The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.

FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
• Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
• Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements
Agreement
For RSRP threshold to determine whether capability of PUCCH repetition on common PUCCH resources is reported or not, 
• Option 1: the RSRP threshold is signaled as an absolute value, i.e. not as a relative value to RSRP threshold for R17 Msg3 repetition

RP-232665  Offline discussion summary on Rel-18 NR-NTN PUCCH enhancements for Msg4 HARQ-ACK           NTT DOCOMO
Conclusion: proposal on slide 4 is endorsed.
• PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided
• No additional RAN1 work to support this behavior is assumed
• It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'
• FG 44-1 is used to indicate the support of this feature



As indicated, these two parameters are required for initial access and is applied to any PUCCH transmission before dedicated PUCCH resource configuration is provided. However, not only for initial access, for handover, the dedicated PUCCH resource configuration (i.e., pucch-Config in BWP-UplinkDedicated) may not be provided before a reliable connection to the target cell is established, as specified in RRC. 

	[bookmark: _Toc60777183][bookmark: _Toc156130322]–	BWP-UplinkDedicated
The IE BWP-UplinkDedicated is used to configure the dedicated (UE specific) parameters of an uplink BWP.
BWP-UplinkDedicated information element
-- ASN1START
-- TAG-BWP-UPLINKDEDICATED-START

BWP-UplinkDedicated ::=             SEQUENCE {
pucch-Config                        SetupRelease { PUCCH-Config }                                           OPTIONAL,   -- Need M

…omitting…

pucch-Config
PUCCH configuration for one BWP of the normal UL or SUL of a serving cell. If the UE is configured with SUL, the network configures PUCCH only on the BWPs of one of the uplinks (normal UL or SUL). The network configures PUCCH-Config at least on non-initial BWP(s) for SpCell and on all BWP(s) for PUCCH SCell. If supported by the UE, the network may configure at most one additional SCell of a cell group with PUCCH-Config (i.e. PUCCH SCell). If PUCCH cell switching is supported by the UE, the network may configure two TDD serving cells with PUCCH-Config within each PUCCH group. For supporting PUCCH cell switching in the PUCCH group with the SpCell, the TDD SpCell and one TDD SCell shall have PUCCH-Config on their normal UL. For supporting PUCCH cell switching in the PUCCH group with only SCells, two TDD SCells shall have PUCCH-Config on their normal UL.
In (NG)EN-DC and NE-DC, the NW configures at most one serving cell per frequency range with PUCCH. In (NG)EN-DC and NE-DC, if two PUCCH groups are configured, the serving cells of the NR PUCCH group in FR2 use the same numerology. For NR-DC, the maximum number of PUCCH groups in each cell group is one, and only the same numerology is supported for the cell group with carriers only in FR2.
The NW may configure PUCCH for a BWP when setting up the BWP. The network may also add/remove the pucch-Config in an RRCReconfiguration with reconfigurationWithSync (for SpCell or PUCCH SCell) or with SCell release and add (for PUCCH SCell) to move the PUCCH between the UL and SUL carrier of one serving cell. In other cases, only modifications of a previously configured pucch-Config are allowed.
If one (S)UL BWP of a serving cell is configured with PUCCH, all other (S)UL BWPs must be configured with PUCCH, too.



Therefore, we need to discuss whether the parameters for PDCCH repetition are applied to handover as well. If only applicable to initial access, the two parameters are included in SIB19. If applicable to both initial access and handover, the two parameters can be included in ntn-Config which is included in SIB19 and also in ServingCellConfigCommon for handover. The TP are attached in the Appendix. 
Proposal 5: Add numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK for PDCCH repetition of Msg4 HARQ ACK, considering 
Option 1: in SIB19 outside ntn-Config, applied for initial access only
Option 2: in SIB19 inside ntn-Config, applied for initial access and handover.

Conclusion
Based on the discussion, we have the following proposals.
Observation 1: For soft satellite switch, the target satellite can be one of the satellites providing neighbor cells in SIB19 and the ephemeris is already included in one NTN-NeighCellConfig.
Proposal 1: [Z333] ntn-Config is always present in SatSwitchWithReSync, in which ephemeris can be absent. 
Proposal 2: Include an index in SatSwitchWithReSync pointing to the ephemeris of the neighbor cell in NTN-NeighCellConfig. Adopt the TP in the Appendix. 
[bookmark: _GoBack]Observation 2: The application scenario of satellite switch with resync and unchanged PCI is that the target satellite starts to serve the serving cell’s coverage from the switch start time (t-ServiceStart, or t-Service), it may serve other area before t-ServiceStart. NW controls the PCI unchanged switch purely based on the location/timing, and RRM measurement is not needed.
Proposal 3: [H790, H791] RRM measurement events and SMTC for the serving cell of the target satellite are not considered in satellite switch with resync and unchanged PCI.
Observation 3: The neighbour cell information and t-Service that are not provided in SatSwitchWithReSync may change due to the change of satellite.
Proposal 4: [H062] UE acquires SIB19 after satellite switch with re-sync (at the end of the satellite switch with re-sync procedure, add the step of acquiring SIB19).
Proposal 5: [S481, H009] Add numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK for PDCCH repetition of Msg4 HARQ ACK, considering 
Option 1: in SIB19 outside ntn-Config, applied for initial access only
Option 2: in SIB19 inside ntn-Config, applied for initial access and handover.

Appendix 
TP for P1
First change
[bookmark: _Toc156130282]–	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
    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
targetSatEphemeris-r18                       INTEGER (0..7)                                        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 location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, 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 re-synchronization. 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.



	satSwitchWithReSync field descriptions

	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.

	targetSatEphemeris
Indicates a neighbour cell in ntn-NeighCellConfigList and ntn-NeighCellConfigListExt. The ephemeris of the indicated neighbor cell is applied for the target satellite. The value 0 to 3 indicate neighbor cells in the ordinal position in ntn-NeighCellConfigList, and the value 4 to 7 indicate neighbor cells in the ordinal position in ntn-NeighCellConfigListExt. This field is present when the ephemerisInfo in ntn-Config in satSwitchWithReSync is absent.

	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.




TP for P4
Option 1
–	SIB19
SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

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
	numberOfPUCCHforMsg4HARQACK-RepetitionsList-r18			 ENUMERATED {n1,n2,n4,n8}	
OPTIONAL,        -- Need R
	rsrp-ThresholdPUCCHforMsg4HARQACK-r18	 RSRP-Range
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
}

-- 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 location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, 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.

	numberOfPUCCHforMsg4HARQACK-RepetitionsList
Indicates the number of repetitions for PUCCH transmission for Msg4 HARQ-ACK. This field is not configured with a single value n1. If multiple values are configured, a single value from the configured values is indicated in DCI, as specified in TS 38.213 clause 9.2.6.

	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.

	rsrp-ThresholdPUCCHforMsg4HARQACK
Indicates the range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK. If this parameter is configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold indicated by this parameter. If this parameter is not configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK.

	satSwitchWithReSync
Provides parameters for the target satellite required to perform satellite switch with re-synchronization. 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.



	satSwitchWithReSync field descriptions

	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.

	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.



Option 2
[bookmark: _Toc156130482]–	NTN-Config
The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.
NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START

NTN-Config-r17 ::=             SEQUENCE {
    epochTime-r17                  EpochTime-r17                                                            OPTIONAL,  -- Need R
    ntn-UlSyncValidityDuration-r17 ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,
                                              s40, s45, s50, s55, s60, s120, s180, s240, s900}              OPTIONAL,  -- Cond SIB19
    cellSpecificKoffset-r17        INTEGER(1..1023)                                                         OPTIONAL,  -- Need R
    kmac-r17                       INTEGER(1..512)                                                          OPTIONAL,  -- Need R
    ta-Info-r17                    TA-Info-r17                                                              OPTIONAL,  -- Need R
    ntn-PolarizationDL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ntn-PolarizationUL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ephemerisInfo-r17              EphemerisInfo-r17                                                        OPTIONAL,  -- Need R
    ta-Report-r17                  ENUMERATED {enabled}                                                     OPTIONAL,  -- Need R
    ...,
	[[
	numberOfPUCCHforMsg4HARQACK-RepetitionsList-r18			 ENUMERATED {n1,n2,n4,n8}	
OPTIONAL,        -- Need R
	rsrp-ThresholdPUCCHforMsg4HARQACK-r18	 RSRP-Range
OPTIONAL        -- Need R
	]]
}

EpochTime-r17 ::=              SEQUENCE {
    sfn-r17                        INTEGER(0..1023),
    subFrameNR-r17                 INTEGER(0..9)
}

TA-Info-r17 ::=                 SEQUENCE  {
    ta-Common-r17                  INTEGER(0..66485757),
    ta-CommonDrift-r17             INTEGER(-257303..257303)                                                 OPTIONAL,  -- Need R
    ta-CommonDriftVariant-r17      INTEGER(0..28949)                                                        OPTIONAL   -- Need R
}

-- TAG-NTN-CONFIG-STOP
-- ASN1STOP

	NTN-Config field descriptions

	EphemerisInfo
This field provides satellite ephemeris either in format of position and velocity state vector or in format of orbital parameters. This field is excluded when determining changes in system information, i.e. changes to ephemerisInfo should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	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.

	cellSpecificKoffset
Scheduling offset used for the timing relationships that are modified for NTN (see TS 38.213 [13]). The unit of the field K_offset is number of slots for a given subcarrier spacing of 15 kHz. If the field is absent UE assumes value 0.

	kmac
Scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. If the field is absent UE assumes value 0. In FR1, the unit of kmac is number of slots for a given subcarrier spacing of 15 kHz.

	ntn-PolarizationDL
If present, this parameter indicates polarization information for downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization.

	ntn-PolarizationUL
If present, this parameter indicates Polarization information for uplink service link.
If not present and ntn-PolarizationDL is present, UE assumes the same polarization for UL and DL.

	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.

	numberOfPUCCHforMsg4HARQACK-RepetitionsList
Indicates the number of repetitions for PUCCH transmission for Msg4 HARQ-ACK. This field is not configured with a single value n1. If multiple values are configured, a single value from the configured values is indicated in DCI, as specified in TS 38.213 clause 9.2.6.

	rsrp-ThresholdPUCCHforMsg4HARQACK
Indicates the range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK. If this parameter is configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold indicated by this parameter. If this parameter is not configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK.

	ta-Common
Network-controlled common timing advanced value and it may include any timing offset considered necessary by the network. ta-Common with value of 0 is supported. The granularity of ta-Common is 4.072 × 10^(-3) μs. Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of ta-Common should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	ta-CommonDrift
Indicate drift rate of the common TA. The granularity of ta-CommonDrift is 0.2 × 10^(-3) μs⁄s. Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of ta-CommonDrift should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	ta-CommonDriftVariant
Indicate drift rate variation of the common TA. The granularity of ta-CommonDriftVariant is 0.2×10^(-4) μs⁄s^2. Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of ta-CommonDriftVariant should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	ta-Report
When this field is included in SIB19, it indicates reporting of timing advanced is enabled during Random Access due to RRC connection establishment or RRC connection resume, and during RRC connection reestablishment. When this field is included in ServingCellConfigCommon within dedicated signalling, it indicates TA reporting is enabled during Random Access due to reconfiguration with sync (see TS 38.321 [3], clause 5.4.8).



	Conditional Presence
	Explanation

	SIB19
	The field is mandatory present for the serving cell in SIB19. The field is optionally present, Need R, otherwise.



