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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] points out the following two aspects to consider for connected mode mobility:
· [bookmark: _Hlk118188500][bookmark: _Hlk118125459]“Specify NTN-NTN handover enhancements for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead.”
· “Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g., exchange of necessary information between gNBs.”
In this paper, we address the first aspect above.
[bookmark: _Ref178064866]2	Discussion
2.1	RACH-less Handover
The objective of this section is to discuss the remaining open issues with RACH-less HO: the signalling details to indicate in the handover command the single beam associated with the dynamic grant for initial UL transmission; handling of pre-allocated UL grant with association with SSB; RACH-less Conditional handover. 
2.1.1	Beam indication for the dynamic grant
In RAN2#123, based on a RAN1 LS response, it was agreed that for RACH-less HO single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission. However, it remains undecided the specific details on how to indicate the beam in the RRCReconfiguration message (handover command) as part of the RACH-lessHO type identifier. Two options have been considered so far:
· Option 1: indicate TCI state ID associated with the PDCCH for the dynamic grant, where the corresponding TCI state indicates index of SSB which is QCL with the PDCCH DMRS, the TCI type, the BWP in which the SSB and the PDCCH DMRS are located, and the reference signal used for PUSCH, PUCCH and SRS path loss estimation.
· Option 2: indicate SSB position in the SSB burst, where the SSB is QCL with the PDCCH DMRS for the dynamic grant. While SSB-Subset has been chosen for the pre-allocated grant, a better choice for the dynamic grant, given that just a single beam needs to be signaled, would be SSB-Index IE.
In NR, a beam indication usually provides the UE with the identity of a reference signal (RS). This RS can be an SSB or a CSI-RS and is used by the UE to derive properties of the channel, e.g., average delay, delay spread. As a result, these channel properties estimated from that RS are used when demodulating PDSCH.


Given an SSB is narrowband, the estimation of the channel properties becomes less accurate. It is therefore beneficial if the beam indication contains a pointer to CSI-RS, i.e., TRS. Thus, option 1 provides more comprehensive information about the radio conditions of the transmission beam adopted for the PDDCH transmission in which the dynamic grant will be allocated. An additional benefit is that this allows to set PUSCH transmission power for the initial UL transmission in a more accurate manner. Similar to the approach taken in LTM, we favor the adoption of option 1 for NTN RACH-less handover.
[bookmark: _Toc149837037][bookmark: _Toc149896234]In NTN RACH-less handover, network indicates the beam associated with the dynamic grant with a TCI state ID.

2.1.2	Configured grant and RSRP threshold fallback
In RAN2#123, it was agreed that UE selects an SSB associated to the configured grant with a RSRP above a configured threshold. The UE uses the selected SSB and the corresponding UL grant occasions for the initial UL transmission. If T304 is running and no SSB mapped to the configured grant has a measured RSRP above the threshold, the UE falls back to random access to continue with handover (performing a new SSB selection).
In NTN, it is assumed that the constant movement of satellites leads to a continuous change of radio conditions. In RACH-less handover, the network has already allocated dedicated resources for the UE to access the target cell. Given these two facts, when a UE falls back to RACH-based handover, the UE may select a different beam that the one indicated for the configured grant and the changing radio conditions may cause that the RRCReconfigurationComplete is not received successfully to the target gNB. In this scenario, the indicated beam containing the configured grant could also improve its radio conditions, comply with the RSRP threshold and, thus, turn into the best option for uplink transmission. Therefore, it would be beneficial for the UE to be able to return to the configured grant and leverage the already reserved network resources while T304 is still running. Additionally, this behavior, use the configured grant, could alleviate the congestion due to limited RACH resources once the fallback to RACH HO decision has been taken.
[bookmark: _Toc149837040][bookmark: _Toc149896235]After a fallback to RACH-based handover, a UE is allowed to return to RACH-less handover if there are SSBs satisfying the RSRP condition and T304 is still running.

2.1.3	RACH-less Conditional handover
In RAN2#123bis-e, it was agreed that combination of RACH-less HO with time-based CHO is supported in Rel-18 NTN for both Configured and Dynamic Grant. Two relevant topics that are still open are the validity of pre-allocated grant to minimize the potential waste of reserved resources and the provision of dynamic grant in PDCCH. Regarding the first topic, it would be up to gNB implementation to ensure an optimal allocation of reserved resources. The gNB is aware of the duration of CHO time window [T1, T2] (via inter-node signalling) and just needs to ensure that the pre-allocated grant is available to the UE within [T1, T2]. In a similar manner, for dynamic grant, the gNB will send the corresponding PDCCH carrying the uplink grant only during [T1, T2]. In conclusion, UE should not expect any allocation out of the assigned window.
[bookmark: _Toc149837032][bookmark: _Toc149896231]In NTN RACH-less conditional handover, network ensures the pre-allocated grant, and the provision of dynamic grant happens within the CHO time window [T1, T2].
[bookmark: _Toc149896236]In NTN RACH-less conditional handover, it is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.

2.2	Satellite switch with re-sync
The objective of this section is to discuss the remaining open issues of satellite switch with unchanged PCI: signalling of t-start and its use for hard satellite switch; TAT handling; how to provide target satellite SSB information; whether RACH-less satellite switching is mandatory for satellite switching with unchanged PCI and the need of explicit configuration of RACH-less satellite switching.
2.2.1	Feature name
In the RRC review [2], the configuration related to the unchanged PCI feature has been captured so far within the SatSwitchWithReSync type identifier. As illustrated by previous contributions [3], the applicability of this feature may not be strictly limited to keeping the same PCI upon satellite switch. In our understanding, its final purpose is to avoid excessive signalling and L3 mobility. Given cell configurations before and after the switch are supposed to be nearly identical, a more descriptive name for the procedure is "satellite switch with re-synchronization” for both uplink and downlink. While some companies have welcomed the proposal of this new name and shared understanding, it would be beneficial for RAN2 to take a formal agreement.
[bookmark: _Toc149896237]Adopt the name satellite switch with re-sync for the unchanged PCI feature.

2.2.2	Signalling of t-start and its use in hard satellite switch
In RAN2#123bis, it was agreed to introduce a t-start field parameter which indicates the earliest occasion when the UE can start synchronizing with target satellite in a soft switch scenario, while the actual signalling and use of t-start for hard satellite switch are FFS. As discussed in previous meetings, it would be beneficial to extend the applicability of the unchanged PCI mechanism to the scenario in which the coverage gap is non-negligible. As pointed out by some satellite operators in the online discussions, this is a realistic case as there might be an inherent and minor synchronization error between satellites and ground stations when performing the switch. This fact does not imply discontinuous coverage, which features coverage gaps ranging from a few seconds to a few hours. The use of t-gap or t-start in a hard satellite switch allows UEs to momentarily suspend radio link monitoring and PDCCH monitoring until the new satellite starts its service, i.e., until t-start or t-service+t-gap. In this way, UEs save power consumption and secure that the gap does not trigger RLF and RRC Re-establishment which implies a longer service interruption.
Regarding the signaling details, t-gap offers a higher flexibility. It is a relative time. Thus, a negative value can be used to signal the soft switch, while small positive or zero can indicate the two types of hard switch, i.e., negligible gap and non-negligible gap. Thus, t-gap offers higher signaling efficiency compared to t-start (an absolute time) and provides backwards compatibility in case the feature is later applied to Earth moving cells.
[bookmark: _Toc149837046][bookmark: _Toc149837047][bookmark: _Toc149837048][bookmark: _Toc149837049][bookmark: _Toc149837050][bookmark: _Toc149896238]For satellite switch with re-sync, support t-start for hard satellite switch.
[bookmark: _Toc149896239]For satellite switch with re-sync, t-start is signalled in the form of t-gap.

2.2.2	TAT handling during satellite switch
Regarding timeAlignmentTimer (TAT) handling satellite switch with unchanged PCI, an optimal solution is to rely on the legacy procedure without any specification change, i.e., the UE keeps TAT running during the satellite switch. After the switch, the gNB can send a Timing Advance Command to the UE to restart the TAT timer accordingly. If needed, the gNB could set the index value TA in the Timing Advance Command to 31 which results in no adjustment in NTA, i.e., just for the sake of triggering TAT restart. If needed, the gNB could also send a Timing Advance Command to the UE before the switch to avoid that TAT is expired before the UE is synchronized to the target satellite. Thus, network has already the means to solve the TAT issue.
[bookmark: _Toc149896240]For satellite switch with re-sync, network implementation can solve the issue with TAT expiration before the UE is synchronized to the target satellite.

2.2.3	Target satellite SSB information provision
In RAN2#123bis, it was agreed that at least soft satellite switch, network provides SSB information of the target satellite to the UE while the signalling details and whether to provide the info for hard satellite switching are open. Firstly, soft switch requires a time shift of the SS bursts to avoid interference between the so-called source (serving) and target (incoming) cells. The target cell’s SMTC should be used to indicate the time location of the SS burst during the switch. Even though it was previously mentioned that reusing the current SMTC across the cells in the switch would be possible, the millisecond (subframe) granularity makes it suboptimal to avoid interference. Secondly, for hard satellite switch, SSB information does not need to change upon the switch as there are no SSB collisions between source and target satellite, therefore providing target satellite SSB information is not needed for the switching procedure.
[bookmark: _Toc149837058][bookmark: _Toc149896241]Target satellite SSB information is not provided for hard staellite switch.

[bookmark: _Hlk149655582]2.2.4	Support of RACH-less satellite switching
Regarding support of RACH-less satellite switching with unchanged PCI, given the assumption that source and target cells are configured nearly identically, this should not be a configurable feature by the network. If the UE has already a configured grant, the uplink transmission beam does not change, and the UE can calculate and pre-compensate TA (which is the case for NTN capable UE), it can use the configured grant for UL transmission in the target satellite. If the UE does not already have a configured grant, the gNB could issue a dynamic grant after the UE acquires sync of the target satellite. In any case, no additional UE capability is needed to support the RACH-less satellite switching. This also means there is no need to explicitly configure RACH-less satellite switch. If the network wants the UE to perform random access, it can just send a PDCCH order after the switch, otherwise it can issue a dynamic grant or let UE continue to use CG if already available. 
[bookmark: _Toc149896242]For satellite switch with re-sync, no additional UE capability is needed to support RACH-less access to the incoming cell.

2.2.5	Backwards compatibility
In RAN2#123bis, it was agreed that RAN2 doesn’t consider the impact on Rel-17 UEs behaviour when defining the Rel-18 unchanged PCI solution. We think that the impact can be minimized with a proper network implementation. For instance, legacy UEs not supporting time-based CHO can benefit from the gNB having some extra time to send out the HO commands before the switch. A possible solution is to let the gNB mute or not send some SSB burst(s) before the satellite switch and send the HO commands after the last unmuted SSB burst. Figure 1 shows an example, where SSB burst n+2 to n+4 is muted and the gNB sends the HO command after SB burst n+1. In this way, the UE is not confused by identical SSBs coming from different satellites and the gNB has more time to send all the HO commands decreasing a potential system overload. During this period, RLM can be (temporarily) reconfigured to be based on CSI-RS.
[image: ]
Figure 1. sending HO command after last unmuted SSB burst.

[bookmark: _Toc149896232][bookmark: _Toc149837035]For satellite switch with re-sync, network implementation can potentially solve the mobility issues for Rel-17 UEs.

2.3	Duplicated information in SIB19
2.3.1	Background
During a post RAN2#120 meeting email discussion [4], RAN2 became aware of the fact that RAN4 had already agreed and notified RAN2 [5] that an NTN UE is not required to measure NTN cells for which UE does not have satellite assistance information (e.g., SMTCs, ephemeris, epoch time and DL polarization). This limitation was captured as follows in Stage 2 [6].
--------------------------------------------------------- TS 38.300 ---------------------------------------------------------
[bookmark: _Toc124536348]16.14.3.3	Measurements
[…]
For a UE in Idle/Inactive mode it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB4 but not included in SIB19.
For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.
--------------------------------------------------------- TS 38.300 ---------------------------------------------------------
Network can include information of neighbour satellites in two lists in SIB19 [7]: ntn-NeighCellConfigList and ntn-NeighCellConfigListExt. These include a mapping of satellite assistance information (ntn-Config-r17) to the cell’s PCI or carrier frequency. The maximum number of neighbours is limited to 8 satellites and cells.

--------------------------------------------------------- TS 38.331 ---------------------------------------------------------
	SIB19 field descriptions

	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.


--------------------------------------------------------- TS 38.331 ---------------------------------------------------------

The signalling possibilities were further optimized in RAN2#119-e. However, there is a remaining problem since Release 17 which RAN2 did not have time to address at the time. For every neighbour cell provided by the serving satellite, network needs to duplicate satellite assistance information (ntn-Config-r17). This is suboptimal and de-facto constrains the number of neighbour cells for which satellite information can be provided. Given the pressing need of Rel-18 enhancements (e.g., RACH-less or unchanged PCI) to have accurate satellite neighbor information, this issue of unnecessary overhead becomes relevant again.

2.3.2	Proposed solution
To alleviate this issue for connected mode UEs without ASN.1 changes, we propose a simple solution: for a certain measurement object (MeasObjectNR), when a PCI associated to an NTN carrier frequency is included in one of the existing lists cellsToAddModList or allowedCellsToAddModList, but it is not found in the ntn-NeighCellConfigList and ntn-NeighCellConfigListExt of SIB19, UE shall assume that this PCI is associated to the serving satellite. In this way, network can avoid duplicating the serving satellite’s ntn-Config-r17 for that specific PCI in ntn-NeighCellConfigList or ntn-NeighCellConfigListExt.
[bookmark: _Toc149896243]UE shall assume when a PCI associated to an NTN carrier frequency is included in a measurement object but it is not present in the neighbour cell list in SIB19, this PCI is provided by the serving satellite.
[bookmark: _Toc149896244]Adopt the text proposal to TS 38.331 in Section 3.


3	Text Proposal
	MeasObjectNR field descriptions

	absThreshCSI-RS-Consolidation
Absolute threshold for the consolidation of measurement results per CSI-RS resource(s) from L1 filter(s). The field is used for the derivation of cell measurement results as described in 5.5.3.3 and the reporting of beam measurement information per CSI-RS resource as described in 5.5.5.2.

	absThreshSS-BlocksConsolidation
Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s). The field is used for the derivation of cell measurement results as described in 5.5.3.3 and the reporting of beam measurement information per SS/PBCH block index as described in 5.5.5.2.

	allowedCellsToAddModList
List of cells to add/modify in the allow-list of cells. It applies only to SSB resources. For NTN, if a PCI in this list does not match to a PCI for which neighbor satellite information is given in SIB19 and SMTC in SIB2/4, UE shall assume that the PCI is associated with the same satellite as serving cell.

	allowedCellsToRemoveList
List of cells to remove from the allow-list of cells.

	associatedMeasGapSSB
Indicates the associated measurement gap for SSB measuring identified by ssb-ConfigMobility in this measurement object. When multiple MeasObjectNR with the same SSB frequency are configured, the network configures the same measurement gap ID in this field for each MeasObjectNR. If this field is absent, the associated measurement gap is the gap configured via gapFR1, gapFR2, or gapUE.

	associatedMeasGapSSB2
Indicates the associated additional measurement gap for SSB measuring identified by ssb-ConfigMobility in this measurement object for NTN deployments. When multiple MeasObjectNR with the same SSB frequency are configured, the network configures the same measurement gap ID in this field for each MeasObjectNR. If this field is absent, the associated measurement gap is the gap indicated by associatedMeasGapSSB.

	associatedMeasGapCSIRS
Indicates the associated measurement gap for CSI-RS measuring identified by csi-rs-ResourceConfigMobility in this measurement object. If this field is absent, the associated measurement gap is the gap configured via gapFR1, gapFR2, or gapUE.

	associatedMeasGapCSIRS2
Indicates the associated additional measurement gap for CSI-RS measuring identified by csi-rs-ResourceConfigMobility in this measurement object for NTN deployments. If this field is absent, the associated measurement gap is the gap indicated by associatedMeasGapCSIRS. In this release of the specification, this field is not configured for NTN deployments.

	cellsToAddModList
List of cells to add/modify in the cell list. For NTN, if a PCI in this list does not match to a PCI for which neighbor satellite information is given in SIB19 and SMTC in SIB2/4, UE shall assume that the PCI is associated with the same satellite as serving cell.

	cellsToRemoveList
List of cells to remove from the cell list. 

	excludedCellsToAddModList
List of cells to add/modify in the exclude-list of cells. It applies only to SSB resources.

	excludedCellsToRemoveList
List of cells to remove from the exclude-list of cells.

	freqBandIndicatorNR
The frequency band in which the SSB and/or CSI-RS indicated in this MeasObjectNR are located and according to which the UE shall perform the RRM measurements. This field is always provided when the network configures measurements with this MeasObjectNR.

	measCyclePSCell
The parameter is used only when the PSCell is configured on the frequency indicated by the measObjectNR and the SCG is deactivated, see TS 38.133 [14]. The field may also be configured when the PSCell is not configured on that frequency. The network always configures measCyclePSCell for the measObjectNR associated with the PSCell if bfd-and-RLM is set to true and the SCG is deactivated. Value ms160 corresponds to 160 ms, value ms256 corresponds to 256 ms and so on.

	measCycleSCell
The parameter is used only when an SCell is configured on the frequency indicated by the measObjectNR and is in deactivated state, see TS 38.133 [14]. gNB configures the parameter whenever an SCell is configured on the frequency indicated by the measObjectNR, but the field may also be signalled when an SCell is not configured. Value sf160 corresponds to 160 sub-frames, value sf256 corresponds to 256 sub-frames and so on.

	nrofCSInrofCSI-RS-ResourcesToAverage
Indicates the maximum number of measurement results per beam based on CSI-RS resources to be averaged. The same value applies for each detected cell associated with this MeasObjectNR.

	nrofSS-BlocksToAverage
Indicates the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged. The same value applies for each detected cell associated with this MeasObject.

	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 transmission on service link. If not present and ntn-PolarizationDL is present, UE assumes the same polarization for UL and DL.

	offsetMO
Offset values applicable to all measured cells with reference signal(s) indicated in this MeasObjectNR.

	quantityConfigIndex
Indicates the n-th element of quantityConfigNR-List provided in MeasConfig.

	referenceSignalConfig
RS configuration for SS/PBCH block and CSI-RS.

	refFreqCSI-RS
Point A which is used for mapping of CSI-RS to physical resources according to TS 38.211 [16] clause 7.4.1.5.3.

	smtc1
Primary measurement timing configuration. (see clause 5.5.2.10).

	smtc2
Secondary measurement timing configuration for SS corresponding to this MeasObjectNR with PCI listed in pci-List. For these SS, the periodicity is indicated by periodicity in smtc2 and the timing offset is equal to the offset indicated in periodicityAndOffset modulo periodicity. periodicity in smtc2 can only be set to a value strictly shorter than the periodicity indicated by periodicityAndOffset in smtc1 (e.g. if periodicityAndOffset indicates sf10, periodicity can only be set of sf5, if periodicityAndOffset indicates sf5, smtc2 cannot be configured).

	smtc3list
Measurement timing configuration list for SS corresponding to IAB-MT. This is used for the IAB-node's discovery of other IAB-nodes and the IAB-Donor-DUs.

	smtc4list
Measurement timing configuration list for NTN deployments, see clause 5.5.2.10.

	ssbFrequency
Indicates the frequency of the SS associated to this MeasObjectNR. For operation with shared spectrum channel access, this field is a k*30 kHz shift from the sync raster where k = 0,1,2, and so on if the reportType within the corresponding ReportConfigNR is set to reportCGI (see TS 38.211 [16], clause 7.4.3.1). Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see TS 38.101-1 [15], or TS 38.101-5 [75]).

	ssb-PositionQCL-Common
Indicates the QCL relationship between SS/PBCH blocks for all measured cells as specified in TS 38.213 [13], clause 4.1.

	ssbSubcarrierSpacing
Subcarrier spacing of SSB.
Only the following values are applicable depending on the used frequency:
FR1:    15 or 30 kHz
FR2-1:  120 or 240 kHz
FR2-2:  120, 480, or 960 kHz

	t312
The value of timer T312. Value ms0 represents 0 ms, ms50 represents 50 ms and so on.




4	Conclusions
In the previous sections we made the following observations: 
Observation 1	In NTN RACH-less conditional handover, network ensures the pre-allocated grant, and the provision of dynamic grant happens within the CHO time window [T1, T2].
Observation 2	For satellite switch with re-sync, network implementation can potentially solve the mobility issues for Rel-17 UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In NTN RACH-less handover, network indicates the beam associated with the dynamic grant with a TCI state ID.
Proposal 2	After a fallback to RACH-based handover, a UE is allowed to return to RACH-less handover if there are SSBs satisfying the RSRP condition and T304 is still running.
Proposal 3	In NTN RACH-less conditional handover, it is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.
Proposal 4	Adopt the name satellite switch with re-sync for the unchanged PCI feature.
Proposal 5	For satellite switch with re-sync, support t-start for hard satellite switch.
Proposal 6	For satellite switch with re-sync, t-start is signalled in the form of t-gap.
Proposal 7	For satellite switch with re-sync, network implementation can solve the issue with TAT expiration before the UE is synchronized to the target satellite.
Proposal 8	Target satellite SSB information is not provided for hard staellite switch.
Proposal 9	For satellite switch with re-sync, no additional UE capability is needed to support RACH-less access to the incoming cell.
Proposal 10	UE shall assume when a PCI associated to an NTN carrier frequency is included in a measurement object but it is not present in the neighbour cell list in SIB19, this PCI is provided by the serving satellite.
Proposal 11	Adopt the text proposal to TS 38.331 in Section 3.
[bookmark: _In-sequence_SDU_delivery]
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