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Introduction
In previous RAN2 meeting, CHO enhancements have been proposed and discussed. The paper discusses enhancements on CHO and service continuity. 
[bookmark: _Hlk143643250]Discussion
CHO for earth-moving cell
In the previous RAN2 meetings, the following agreement have been made regarding the mobility for earth-moving cell. 
Agreements in RAN2#121:
1. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location

Agreements in RAN2#121bis-e:
1. RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2. For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3. For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.

For CHO with location event D1, UE evaluates its distance to the serving cell reference location and to the candidate cell reference location. If serving cell or candidate cell is an earth-moving cell, UE has to determine the real-time reference location. Similar to cell reselection with earth-moving cells, UE can determine the real-time reference location based on reference coordinates and the moving information at a reference time. 
Proposal 1: For CHO with location event, reference coordinates and the moving information at a reference time are provided for earth-moving serving/candidate cell to determine the real-time reference location. 
For the moving information, if we consider the solution for cell reselection for earth-moving cells to be reused for location-based CHO for earth-moving cells, rough estimation of real-time reference location of an earth-moving cell can be done by UE. That is, the serving/candidate cell’s reference location at the epoch time and the ephemeris are provided to determine the real-time reference location.
However, the real-time reference location of an earth-moving cell that is derived based on the ephemeris and the reference location coordinates at the epoch time can be very inaccurate (i.e., with tens of km deviation to the true value) in case of large beam angle (equivalently, small elevation angle) and large altitude change. The detailed analysis is shown in the Appendix. 
Observation 1: The real-time reference location of earth-moving cell derived based on the ephemeris and the reference location at the epoch time can provide rough accuracy for small beam angle (equivalently, larger elevation angle) and small altitude change, but becomes inaccurate (i.e., with tens of km deviation to the true value) in case of large beam angle (equivalently, small elevation angle) and large altitude change.  
[bookmark: _Hlk146480588]Different from cell reselection in RRC_IDLE, a more accurate estimation of real-time reference location is needed for mobility in RRC_CONNECTED because the distance conditions are evaluated to trigger HO. When the estimated location deviates to the real location tens of kilometers, UE may miss the candidate cell on which CHO is supposed to be executed, and possibly fall into RLF and RRC re-establishment. Thus, more accurate moving information for the reference location is necessary for earth-moving serving/candidate cell. The velocity information with speed and direction for the reference location can be provided in location event D1. 
Observation 2: For location-based CHO for earth-moving cell, accurate moving information for the reference location is necessary to evaluation distance conditions. 
Proposal 2: For the moving information, velocity (speed and direction) of the reference location is provided in the location event.

Subsequent CHO
In Rel-18 Mobility Enhancement WI, subsequent conditional PSCell addition/change (CPAC) is discussed. For NR NTN HO enhancement, we see a similar motivation. In CHO, UE has to release the CHO configurations when completing random access towards the target cell. Hence the UE doesn’t have a chance to perform subsequent CHO without prior CHO reconfiguration and re-initialization from the network. This will increase the delay for the cell change and increase the signaling overhead. 
[bookmark: _GoBack]To reduce interruption time the burden of frequency CHO configuration, the network can configure CHO candidate cells for subsequent CHO at one time and indicate UE to store CHO configuration for some candidate cells instead of release. 
Observation 3: Currently, CHO candidate cell configurations are released after a CHO.
Proposal 3: UE stores CHO candidate cell configuration to enable subsequent CHO among the stored candidate cells.

Fast RLF and Recovery
In Rel-17 NTN, the serving cell service stop time, i.e., t-Service, is broadcasted in SIB19. t-Service basically indicates the service ending time for the geo-location that currently served. Note that t-Service can also be utilized by connected UEs. If the UE in connected mode does not perform successful handover before t-Service, it is most likely disconnected from the serving cell after t-Service. If t-Service is already known, the current RLF procedure delays RRC connection resume/reestablishment. Thus, it is proposed to consider fast RLF detection with the consideration of t-Service.  
[bookmark: _Hlk146485282]For IoT-NTN, it has been agreed in RAN2#122 that t-Service can be utilized for fast RLF and recovery. 
Agreement RAN2#122
[bookmark: _Hlk146485309]If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage
Similar mechanism can be applied for NR NTN. 
Observation 4: For IoT-NTN, it has been agreed that t-Service can be utilized for fast RLF and recovery.  

Proposal 4: For NR NTN, t-Service is used for fast RLF detection and recovery. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310).

Conclusion
Based on the discussion, we have the following proposals.
Proposal 1: For CHO with location-based event, reference coordinates and the moving information at a reference time are provided for earth-moving serving/candidate cell to determine the real-time reference location. 
Observation 1: The real-time reference location of earth-moving cell derived based on the ephemeris and the reference location at the epoch time can provide rough accuracy for small beam angle (equivalently, larger elevation angle) and small altitude change, but becomes inaccurate (i.e., with tens of km deviation to the true value) in case of large beam angle (equivalently, small elevation angle) and large altitude change.  
Observation 2: For location-based CHO for earth-moving cell, accurate moving information for the reference location is necessary to evaluation distance conditions. 
Proposal 2: For the moving information, velocity of the reference location is provided in the location event.

Observation 3: Currently, CHO candidate cell configurations are released after a CHO.
Proposal 3: UE stores CHO candidate cell configuration to enable subsequent CHO among the stored candidate cells.

Observation 4: For IoT-NTN, it has been agreed that t-Service can be utilized for fast RLF and recovery.  
Proposal 4: For NR NTN, t-Service is used for fast RLF detection and recovery. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310).
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[bookmark: _Hlk143644306]Appendix
To derive the real-time reference location based on ephemeris and reference location at the epoch time, there are two underlying assumptions.
1. The first assumption is that UE derives the trajectory of sub-satellite point based on the ephemeris, 
2. The second assumption is that the non-steerable beam makes the serving cell reference location relatively static with respect to the sub-satellite point. Once the UE determines the distance between the sub-satellite point and the reference location at the epoch time, UE assumes the distance and relative positions between the points are fixed. Then, in any future time, when the sub-satellite point is derived based on the ephemeris, UE can use the fixed distance and relative position to determine where the reference location is at that time. 
For the first assumption, the concern is that from the UE perspective, additional computational effort is required to derive the real-time location of sub-satellite point based on the ephemeris, which is not required for any feature in Release-17 NTN. For the second assumption, the concern is that how accurately the reference location can be derived when assuming the reference location is relatively static with respect to the sub-satellite point if in reality the relative movement between the reference location and sub-satellite point exists. If the additional computation is affordable and rough estimation of serving cell reference location is sufficient for cell reselection, additional information is not needed. 
In Figure 1, we illustrate an example to quantify how the earth-moving cell reference location moves with respect to the sub-satellite point. Consider a LEO satellite in a circular orbit with altitude 600 km [1] radiating a non-steering beam. At an epoch time, the serving cell reference location is the beam center which is at point A on the ground, and the sub-satellite point is at B. Assume for non-steerable beam, the angle beta is fixed. Then, the distance between the reference location and the sub-satellite point can be derived given the earth radius R, the satellite altitude h, and the fixed beam angle beta. Even for circular orbits, the altitude above ground can vary by as much as 30 km (19 mi) (especially for polar orbits) [2]. The varying altitude here can also mimic the scenario of elliptical orbits. 
[image: ]
Figure 1. Illustration of the distance between reference location and sub-satellite point (AB)
In Figure 2, we show how the distance between the reference location and the sub-satellite point is varying with the altitude for different beam angle. Consider the epoch time is the time when the altitude equals 585 km, and the reference location coordinates is provided by the network, which is point A. As the satellite moves on the orbit, the altitude changes which leads to the change of distance AB. As shown in the right plot, the maximum change of distance AB can vary from 0 (for beta=0 deg) to 80 km (for beta=60 deg) compared to the initial AB at the epoch time. This means when the beam angle is large and the altitude change is large, the distance between the reference location and the sub-satellite point varies significantly compared to the initial distance at the epoch time. Compared with the typical beam footprint size 100-1000 km of LEO satellite, the deviation of 80 km is relatively large for small beam footprint size. Hence, for small beam angle (equivalently, large elevation angle) and small change of altitude, the assumption 2 above can provide a rough estimation of the reference location with a relatively small deviation to the true reference location; the larger the beam angle and the larger the altitude changes, the assumption 2 leads to more deviation in estimating the reference location.
[image: ]
Figure 2. Distance change between reference location and sub-satellite point (compared to the initial distance AB at the epoch time where altitude = 585 km)
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