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Introduction
Adaptations to NR mobility must address the following issues in NTN: 1) increased signalling latency due to large propagation delay; 2) frequent cell change due to satellite movement; and 3) lower robustness of measurement-based mobility due to reduced signal strength variation between cell center and cell edge and large regions of cell overlap. Rel-17 NR NTN partially addressed these issues via enhancements to conditional handover, measurement reporting, and measurement rules for cell (re)selection.
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity. Work will consider existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements, and will target the following specific objectives:
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· 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. [RAN3]
This document focuses on the RRC_CONNECTED case (i.e. bullet 2). Possible Rel-18 enhancements are then proposed, including: Group and RACH-less HO, extension of conditional RRC reconfiguration; and inclusion of discontinuous coverage scenario in NR NTN.
Release 18 mobility enhancements
Group handover
There are several scenarios in the NTN environment (e.g., feeder-link switch, quasi-earth fixed cell change) where a large number of UEs must perform mobility in a short period of time. Rel-17 introduced time and location-triggered conditional handover to partly address these scenarios, however each trigger must be simultaneously configured with an RSRP condition. Even if the cell will disappear in the near future, if the measurement condition is not met the UE will not execute CHO, and may remain connected to the cell until coverage loss. This is obviously undesirable from a service continuity perspective. 
Observation 1: 	Even with time and location CHO triggers, if measurement conditions are not satisfied then the UE will remain on a cell which will shortly disappear, leading to service continuity issues.
The network may always issue a handover command to the UE, however providing HO commands for all UEs which have not yet executed CHO could be very inefficient from a signalling overhead perspective.
Observation 2: 	Issuing individual HO commands to UEs which have not fulfilled CHO triggering conditions prior to cell dissapearance is inefficient from a signalling perspective.
Group handover (i.e., providing an indication/command to a set of UEs to perform mobility) seems well suited to the NTN scenario, where many UEs may need to have mobility triggered in a short period of time. Having this option also enables greater flexibility on the NW side when configuring CHO measurement thresholds. For example, the network doesn’t have to configure a low measurement threshold (e.g., to ensure that most UEs execute prior to cell disappearance) if there would be an efficient way to trigger mobility for the remaining UEs.
Proposal 1: 	Group handover (i.e. an indication/command causes a group of UEs to trigger mobility) is supported in NTN.
RACH-less handover
RACH-less HO is supported in LTE, and is useful for situations where a source and target cell are time synchronized (e.g. the gNBs are co-located). There are several reasons why RACH-less HO could be well suited to an NTN environment. For example, fewer messages would greatly reduce random access time considering the large RTT in NTN. Also, the robust timing precompensation procedure introduced in Rel-17 NTN could mean that a UE is well time-syncronised even without a Timing Advance command in Msg2. 
Observation 3: 	The Rel-17 timing advance compensation procedure combined with the high RTT makes RACH-less handover well suited for the NTN environment.
Considering RACH-less handover is already supported in LTE specification, to reduce specification effort it is suggested that this be taken as baseline and adapted as needed to support the NTN environment.
Proposal 2:	Support RACH-less HO for NR NTN, with LTE solution as baseline.
One aspect to consider when extending RACH-less HO to an NTN environment is how the time synchronization changes from one cell to another, considering multiple gNBs can be served by one satellite, and multiple cells can originate from the same satellite. RAN2 may consider the following three scenarios as baseline:
1) Source and target cells come from the same satellite and same gNB: UE-specific and common TA components should be the same.
2) Source and target cells come from same satellite but different gNB: UE-specific TA components are the same, but common TA may be different.
3) Source and target cells come from different satellite and different gNB: both UE-specific and common TA components are different.
Proposal 3:	RACH-less HO in NTN shall consider the following three scenarios: 1) Target and source cell share gNB and satellite; 2) Target and source cell share satellite, but come from different gNB; and 3) Target and source cell come from different satellite and gNB.
Conditional RRC Reconfiguration
Conditional handover is supported in NR via the Conditional Reconfiguration procedure, where a UE is configured with one or more candidate target SpCells via the ConditionalReconfiguration IE. The UE evaluates the condition of each configured candidate target SpCell, and applies the conditional reconfiguration if a target SpCells fulfils the associated execution conditions. This reduces signalling overhead and mobility procedure duration by e.g. avoiding measurement reporting prior to handover. 
Observation 4:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover.
Given the large propagation delay and deterministic satellite movement, conditional reconfiguration is well suited to NTN environments since one or more upcoming target cells can be known well head of time. Rel-17 NTN mobility enhancements have leveraged this predictablility by introducing time and location-based CHO execution conditions.
Observation 5:	Conditional Reconfiguration is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
Considering the advantages of conditional reconfiguration in NTN, RAN2 can consider extending conditional reconfiguration to other aspects of RRC connection modification such as measurement reconfiguration. For example, due to large cell sizes in NTN, a UE at cell center may not need to perform the same measurements (e.g. measurement frequencies) as a UE located at cell edge. Adapting measurement configuration based on distance from cell center could enable measurement relaxation similar to that already adopted for IDLE/INACTIVE UEs (via distanceThresh). 
Observation 6:	Conditional measurement reconfiguration based UE location within a cell can support measurement relaxation similar to that in IDLE/INACTIVE (via distanceThresh).
Following the current specification, modifying measurements based on UE location may require: 1) the network to request UE location; 2) The UE to report UE location; 3) the network to transmit an RRCReconfiguration message with modified measurement configuration; and 4) the UE to apply the revised measurement configuration. Signalling overhead and reconfiguration delay could be greatly reduced if conditional measurement reconfiguration is applied in this case, allowing fast adapatation based on UE circumstance. 
Proposal 4:	Conditional measurement reconfiguration is supported in Rel-18 NTN.
RAN2 may also study whether other aspects of RRC Reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups or conditional handover configuration) can support conditional RRC reconfiguration.
Proposal 5:	FFS whether conditional reconfiguration is extended to other aspects of RRC reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups/conditional handover configurations).
Discontinuous Coverage
Discontinuous coverage in NTN refers to temporary and predictable coverage gaps caused by non-continuous coverage in NGSO deployments. Although not an issue if continuous coverage is available globally, this may not be the case in early NTN deployments or in deeply rural areas. Unlike IoT NTN, NR NTN has not addressed the discontinuous coverage scenario in Release 17. 
Based on the current specification, if a coverage gap occurs the UE will have no idea it was due to discontinuous coverage, possibly leading to RLF and unnecessary service continuity issues. Due to deterministic satellite movement, these coverage gaps can be predicted and accounted for, and Rel-17 IoT NTN supports additional assistance information (e.g. satellite ephemeris and coverage parameters such footprint radius, cell reference points or elevation angles) to predict the duration of a coverage gap. 
Observation 7:	Satellite assistance information such as ephemeris, footprint reference point/radius and elevation angles can be used to predict discontinuous coverage gap start and duration. 
Since this assistance information is already supported in Rel-17 IoT NTN, it should be extended to NR NTN as baseline. RAN2 may then use such information to adapt relevant procedures (e.g. RLF) to account for discontinuous coverage scenario. 
Proposal 6:	Discontinuous coverage scenario is included in Rel-18 NR NTN service continuity work. 
Conclusion
In this contribution the following observations and proposals were made concerning RRC_CONNECTED measurement, mobility, and service continuity enhancements in Rel-18 NR NTN:
Observation 1: 	Even with time and location CHO triggers, if measurement conditions are not satisfied then the UE will remain on a cell which will shortly disappear, leading to service continuity issues.
Observation 2: 	Issuing individual HO commands to UEs which have not fulfilled CHO triggering conditions prior to cell dissapearance is inefficient from a signalling perspective.
Observation 3: 	The Rel-17 timing advance compensation procedure combined with the high RTT makes RACH-less handover well suited for the NTN environment.
Observation 4:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover.
Observation 5:	Conditional Reconfiguration is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
Observation 6:	Conditional measurement reconfiguration based UE location within a cell can support measurement relaxation similar to that in IDLE/INACTIVE (via distanceThresh).
Observation 7:	Satellite assistance information such as ephemeris, footprint reference point/radius and elevation angles can be used to predict discontinuous coverage gap start and duration. 

Proposal 1: 	Group handover (i.e. an indication/command causes a group of UEs to trigger mobility) is supported in NTN.
Proposal 2:	Support RACH-less HO for NR NTN, with LTE solution as baseline.
Proposal 3:	RACH-less HO in NTN shall consider the following three scenarios: 1) Target and source cell share gNB and satellite; 2) Target and source cell share satellite, but come from different gNB; and 3) Target and source cell come from different satellite and gNB.
Proposal 4:	Conditional measurement reconfiguration is supported in Rel-18 NTN.
Proposal 5:	FFS whether conditional reconfiguration is extended to other aspects of RRC reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups/conditional handover configurations).
Proposal 6:	Discontinuous coverage scenario is included in Rel-18 NR NTN service continuity work. 
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