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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. This document focuses on NTN-NTN mobility enhancements for RRC_Connected UEs, specifically RACH-less handover, group HO and extension of conditional RRC reconfiguration.
Rel-18 RRC_CONNECTED mobility enhancements
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 (TAC) in Msg2.
In RAN2#119bis-e, an LS [4] was sent to RAN1 regarding the possibility of RACH-less handover for the following scenarios:
(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB
A response LS in [5] indicates RACH-less handover is possible for scenario 1 and may be possible for scenarios 2 – 4. This is conditional on UL transmission synchronization being maintained via pre-compensation using valid target cell assistance information (e.g., epoch time, ephemeris, common TA), and the gNB ensuring UE can perform UL transmission while respecting common TA and UE processing time. 
For scenario 1, the applied timing pre-compensation value and assistance information such as ephemeris and common TA are the same for both source and target cells. Any assistance information which may be different can be known via the ntn-Config of the target cell (e.g., via NTN-NeighCellConfig) so target cell pre-compensation assistance information can be acquired/maintained via existing mechanisms. 
Observation 1: 	In scenario 1, if UL transmission synchronization can be maintained for source cell, it should also be possible for target cell since the timing pre-compensation value is the same.
Assuming gNB can ensure UL transmission respects common TA and UE processing times, it seems that RAN1 conditions are satisfied for at least scenario 1. 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 1: 	From RAN2 perspective, RACH-less HO is supported in NTN for at least scenario 1 (intra-satellite handover with the same feeder link) with LTE solution as baseline.
In scenarios 2 - 4, a UE can acquire/maintain valid target cell pre-compensation assistance information via similar means as scenario 1 (via ntn-Config provided in NTN-NeighCellConfig). However, unlike scenario 1 at least one timing pre-compensation component (e.g., service link and/or feeder-link) is different between the source and target cell. Satisfaction of RAN1 conditions for RACH-less HO is therefore dependant on UE pre-compensation fulfilling UL synchronization requirements without further refinement during random access.
In the LS, RAN1 has asked RAN4 to confirm that the UL synchronization requirements specified in TS 38.133 are applicable for the RACH-less HO case. RAN2 should therefore postpone conclusion on support for scenarios 2 – 4 until requirements are confirmed.
Proposal 2: 	RAN2 to wait for RAN4 reponse on UL synchronization requirement before concluding on scenarios 2 - 4.
Group handover
In RAN2#119bis-e [3], it was agreed to continue the discussion on group handover in a subsequent meeting, as well as outlining the benefits of such a solution:
· Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits
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 2: 	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 3: 	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.
In summary, there are several cases in NTN where many UEs must perform mobility in a short time. Group handover is well suited to this case, and can improve service continuity, signalling overhead, and NW flexibility.
Proposal 3: 	Group handover (i.e. an indication/command causes a group of UEs to trigger mobility) is supported in NTN.
How the UEs can be grouped can depend on several factors. For example, if the cell is an Earth moving cell, it may make sense to group UEs based on UE location. If the group HO indication is intended to trigger CHO then the UEs may be grouped based on characteristics of the triggering conditions (e.g. remaining time until CHO expiry). In either case, the network is best suited to perform the grouping, and when and how the UE is grouped should be based on NW implementation.
Proposal 4: 	How and when UEs are grouped is up to network implementation.
UEs within a specific group may then be provided with a group RNTI, which can be used to decode messages assigned for the group (e.g. measurements, HO commands, target cell configurations etc..) 
Proposal 5: 	Once assigned to a group a UE is provided with a group RNTI, which is used to receive group related signalling (e.g. group HO command).
Conditional handover enhancements
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. 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.
Observation 4:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover, which is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
CHO configuration for future upcoming NTN cells
In RAN2#119bis-e it was agreed that at least for the Earth moving cell case, the next serving cells can be largely predicted in NTN for UEs not at cell edge. A consequence of this is that for a UE in a given location, the NW can estimate the likely upcoming sequence of cells and provide a series of upcoming target cell configurations, for example, with associated time-based triggering conditions, which the UE can activate at the appropriate time/location
One objective of the Rel-18 WI is to specify CONNECTED handover enhancements for a UEs to reduce the signalling overhead. Although a target cell configuration is required for each upcoming cell, the ability to simultaneously provide multiple upcoming configurations at once increases network flexibility to load balance by freeing up resources in future cells (which would otherwise be needed to provide future CHO configurations). 
Observation 5:	Providing multiple CHO configurations for upcoming cells at once allows the network greater flexibility to load balance by freeing up future resources
One potential drawback is that the target cell configuration may become invalid, e.g. based on UE movement, in which case the signalling would have been wasted. However, as per the TR UE movement accounts for only a maximum 4% variation in the HO rate, and is thus neglected based on the relative speed of satellites. This can be further reduced by limiting the maximum number of provided target configurations at one time.
Proposal 6: 	A UE can be provided with CHO configurations for multiple future NTN cells based on the predictability of NGSO satellite movement. 
Conditional RRC Reconfiguration
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 7:	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 8:	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).
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: 	In scenario 1, if UL transmission synchronization can be maintained for source cell, it should also be possible for target cell since the timing pre-compensation value is the same.
Observation 2: 	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 3: 	Issuing individual HO commands to UEs which have not fulfilled CHO triggering conditions prior to cell dissapearance is inefficient from a signalling perspective.
Observation 4:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover, which is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
Observation 5:	Providing multiple CHO configurations for upcoming cells at once allows the network greater flexibility to load balance by freeing up future resources
Observation 6:	Conditional measurement reconfiguration based UE location within a cell can support measurement relaxation similar to that in IDLE/INACTIVE (via distanceThresh).
Proposal 1: 	From RAN2 perspective, RACH-less HO is supported in NTN for at least scenario 1 (intra-satellite handover with the same feeder link) with LTE solution as baseline.
Proposal 2: 	RAN2 to wait for RAN4 reponse on UL synchronization requirement before concluding on scenarios 2 - 4.
Proposal 3: 	Group handover (i.e. an indication/command causes a group of UEs to trigger mobility) is supported in NTN.
Proposal 4: 	How and when UEs are grouped is up to network implementation.
Proposal 5: 	Once assigned to a group a UE is provided with a group RNTI, which is used to receive group related signalling (e.g. group HO command).
Proposal 6: 	A UE can be provided with CHO configurations for multiple future NTN cells based on the predictability of NGSO satellite movement. 
Proposal 7:	Conditional measurement reconfiguration is supported in Rel-18 NTN.
Proposal 8:	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).
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