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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 satellite switching without PCI change and group HO.
Rel-18 RRC_CONNECTED mobility enhancements
Satellite switching without PCI change
In Rel-17 NTN, cells originating from different satellites are associated with different PCIs. A stationary UE will thus experience continuous L3 mobility as the serving satellite moves overhead and out of coverage (e.g., due to the curvature of the earth) and a new satellite takes over coverage of the geographic area. In RAN2#121, the following working assumption was captured:
· Working Assumption: In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.
In this case, a geographic area is associated with a PCI and gNB. At time T0, this PCI is served by a first satellite. As the first satellite moves out of range a second (incoming) satellite connected to the same gNB will begin to serve the PCI. This will occur at some transition point which can be known ahead of time by the network.
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Figure 1: A different satellite serving the same PCI.


This solution avoids the need for L3 mobility, which can be useful to reduce signalling overhead considering the large number of UEs served within an NTN cell. Furthermore, restricting the scenario to quasi-earth-fixed hard-switch in the same SSB frequency and same gNB removes possible interference concerns. It is therefore proposed that RAN2 confirm the working assumption from RAN2#121 on satellite switching without PCI changing. 
Proposal 1: 	Confirm the Working Assumption: In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.
Assistance information for satellite switch without PCI change
Even though L3 mobility is not needed in the same-PCI satellite switch, the UE must still re-synchronize to the incoming satellite since the former and incoming satellites are physically located very far away. Since the PCI, gNB, and SSB frequency remain the same, the satellite switch will be mostly transparent to the UE. To avoid service interruptions due to e.g., timing mis-synchronization, some assistance information is needed to inform the UE of the satellite switch event. 
Observation 1: 	Additional assistance information is helpful to inform/aid the UE to resynchronize to the incoming satellite, since in this scenario satellite switch is mostly transparent to UE.
At least the time of satellite switch is important to know when to begin resynchronization, however other information such as the location of the incoming satellite and common timing information at the time of satellite switch switch could be useful to support time pre-compensation.
Proposal 2: 	At least the time of same-PCI satellite switch is broadcast as assistance information. FFS other information.
RACH-less satellite switch without PCI change
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 from RAN1 in [5] indicates RACH-less handover is possible for scenario 1 and may be possible for scenarios 2 – 4. A subsequent LS was provided by RAN4 [6] confirming RAN1 conditions and applicability of UL synchronization requirements specified in TS 38.133. 
In RAN2#121, RACH-less handover was agreed for L3 mobility and FFS for the PCI unchanged scenario. However, satellite switching without PCI change is essentially the same as scenario 4 which has already been analyzed by both RAN1 and RAN4, and no concerns were identified which preclude RACH-less handover.
Observation 2: 	Same-PCI satellite switch is essentially scenario 4 from [4]. RAN1 and RAN4 have not identified any concerns/issues which preclude RACH-less handover for this scenario.
Extending RACH-less handover to a same-PCI satellite switch would greatly help in reducing service interruption time, which is the primary downside of a hard-switch. Since RAN1 and RAN4 have not identified any prohibitive issues, RAN2 should discuss extending RACH-less handover to the satellite switching without PCI change scenario.
Proposal 3: 	Extend RACH-less handover to satellite switching without PCI change scenario.
Measurements and satellite switch without PCI change
In legacy RRM UE averages cell measurements over time to obtain L3 cell quality. However, since measurements associated with the former satellite (pre-switch) are no longer valid after satellite switch, the current behaviour could delay detection of radio issues to incoming satellite after satellite switch by averaging out the new values with a channel that no longer exists. 
Observation 3: 	Not resetting L3 measurement window after a satellite switch delays detecting issues with the incoming satellite channel due to averaging with measurements to the former satellite that are no longer valid.
This could be partially resolved by acquiring many new measurements quickly after satellite switch, but acquiring new measurements to incoming satellite would require a measurement reconfiguration after satellite switch, which could take time considering UE-gNB RTT and risk RLF. The most straightforward option is to simply reset the L3 measurement window and discard measurements associated with the former satellite.
Proposal 4: 	UE resets L3 measurement window at time of satellite switching without PCI change.
Until the UE has an accurate understanding of the channel to the incoming satellite, any measurement report sent to the network may be unreliable, leading to an incorrect mobility decision. UE may temporarily suspend L3 event-based reporting some offset prior to satellite switch (if channel conditions are about to change, no need to use resources to report a cell no longer available) and/or after the satellite switch (to allow time to properly measure new channel conditions) to avoid unnecessary reporting and mobility.
Proposal 5: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after satellite switching without PCI change.
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 4: 	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 5: 	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 6: 	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 7: 	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 8: 	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 configuration for 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 6:	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 9: 	A UE can be provided with CHO configurations for multiple future NTN cells based on the predictability of NGSO satellite movement. 
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: 	Additional assistance information is helpful to inform/aid the UE to resynchronize to the incoming satellite, since in this scenario satellite switch is mostly transparent to UE.
Observation 2: 	Same-PCI satellite switch is essentially scenario 4 from [4]. RAN1 and RAN4 have not identified any concerns/issues which preclude RACH-less handover for this scenario.
Observation 3: 	Not resetting L3 measurement window after a satellite switch delays detecting issues with the incoming satellite channel due to averaging with measurements to the former satellite that are no longer valid.
Observation 4: 	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 5: 	Issuing individual HO commands to UEs which have not fulfilled CHO triggering conditions prior to cell dissapearance is inefficient from a signalling perspective.
Observation 6:	Providing multiple CHO configurations for upcoming cells at once allows the network greater flexibility to load balance by freeing up future resources
Proposal 1: 	Confirm the Working Assumption: In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.
Proposal 2: 	At least the time of same-PCI satellite switch is broadcast as assistance information. FFS other information.
Proposal 3: 	Extend RACH-less handover to satellite switching without PCI change scenario.
Proposal 4: 	UE resets L3 measurement window at time of satellite switching without PCI change.
Proposal 5: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after satellite switching without PCI change.
Proposal 6: 	Group handover (i.e. an indication/command causes a group of UEs to trigger mobility) is supported in NTN.
Proposal 7: 	How and when UEs are grouped is up to network implementation.
Proposal 8: 	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 9: 	A UE can be provided with CHO configurations for multiple future NTN cells based on the predictability of NGSO satellite movement. 
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