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[bookmark: _Ref165266342]Introduction
Regarding cell reselection enhancement for earth-moving cell, agreements reached in RAN2#121 [1] are shown as follows:
Agreements:
1. In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2. A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell

Agreements:
1. For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. 
In this contribution, we provide our observations and proposals to resolve the remaining issues on cell reselection enhancement for earth-moving cell, including the following two aspects:
· Location-based cell reselection enhancement for earth-moving cell;
· Time-based cell reselection enhancement for earth-moving cell.
Discussion
Location-based cell reselection for earth-moving cell
Regarding how to signal the time-variant reference locations for the earth-moving cell, during the discussion in [Post121][106] [2], the majority of companies think that the trajectory of serving cell reference location can be derived by UE based on satellite’s ephemeris and epochTime. However, we do not think this is true, and it is still unclear how UE evaluates the trajectory of serving cell reference location through these two parameters. The sub-satellite points may be estimated based on ephemeris and epochTime. However, since the trajectory of the satellite represented by ephemeris is an ellipse and it may not be parallel to the earth's surface, the sub-satellite point is thus not always equal to the cell reference location. Also, there was concern that the beam direction may also make cell reference locations deviate from the sub-satellite points. So UE cannot evaluate trajectory of serving cell reference location based on satellite’s ephemeris and epochTime (at least not possible via these two parameters only).
Observation 1: UE cannot evaluate trajectory of serving cell reference location based on satellite’s ephemeris and epochTime (at least not possible via these two parameters only).
Furthermore, in the email discussion [2], many companies proposed that additional information shall be provided to assist UE to evaluate trajectory of serving cell reference location on top of satellite’s ephemeris and epochTime. However, discussing additional information needed by the UE to derive the reference location autonomously looks even more complicated than introducing a NW-based solution. To this end, we would prefer not pursuing the method of UE autonomous deriving the serving cell reference location. 
From our perspective, the NW-based solution is more preferable, i.e., the NW provides the reference location along with the validity time information to track its variance, and the UE updates the reference location once the reference location currently used becomes invalid. This NW-based solution is simple and straightforward, with the UE simply needing to follow the NW indication on how to determine the reference location. More specifically, the network provides a series of reference location values at one time, with each of them associated with the validity time (e.g., time stamp) that it applies, and the UE determines the valid reference location based on the current time. 
Proposal 1: The network provides a series of reference locations, with each of them associated with the validity time (e.g., time stamp) that it applies, and the UE determines the valid reference location based on the current time.
The next FFS left in the last meeting is whether R17 IEs for serving cell reference location and distance threshold can be reused or not. Firstly, since UE behaviours are different in earth-moving cell and earth-fixed cell, R17 IE referenceLocation and distanceThresh cannot both be reused. Secondly, based on proposal 1 above, the way of providing serving cell reference location in earth-moving cell is different from that in earth-fixed cell, but the distance threshold may not be necessarily different for these type types of cells. So the existing distanceThresh IE can be reused.
Proposal 2: For the earth-moving cell, the existing parameter distanceThresh can be reused to provide the distance threshold for the location-based cell reselection.
Another issue raised in the previous discussion is whether the cell type (i.e., quasi-fixed cell or earth-moving cell) should be provided explicitly or not for this cell reselection enhancement purpose. In our understanding, different reference location parameters are provided by earth-moving cell and quasi-fixed cell (i.e. time-variant or not) for location-based measurement initiation, and the UE simply needs to follow the configuration from the NW and perform corresponding procedures. As a result, an explicit cell type indication is not needed.
Proposal 3: An explicit cell type indication (i.e., quasi-fixed cell or earth-moving cell) to the UE is not needed.
Time-based cell reselection for earth-moving cell
During the discussion in [2], most companies agree that time-based measurement initiation is used to address feeder-link switch case. Besides feeder-link switch case, time-based measurement initiation can be also used to address service-link switch case. We below further illustrate why both types of stop time need to be considered by showing the use case coped with by each.


Figure 1: Service link switching without feeder link switching for the earth-moving cell


Figure 2: Feeder link switching without service link switching for the earth-moving cell
For the stop time due to service link switching as in Figure 1, this is the stop time caused by “the coverage of the satellite beam sliding over the earth surface”. More specifically, in the case of service link switching, the UEs distributed at different places in the cell may face different stop time, i.e, the stop time due to service link switching in the earth-moving cell is UE-specific. A UE can estimate when the serving cell stops providing coverage at the present UE location due to service link switching, based on the time-variant reference location and distance threshold, i.e., when the UE considers the distance between UE and reference location of the serving cell is larger than the distance threshold, it determines that the stop time reaches/approaches. In a word, the stop time due to the service link switching is a UE specific time, and it can be judged with a similar rule as the one used for the location-based cell reselection enhancements.
By contrast, when feeder link switching occurs as shown in Figure 2, the serving cell stops providing service to All the UEs in the cell suddenly, and all the UEs need to perform cell reselection. That is, the stop time due to feeder link switching in the earth-moving cell is common to all UEs, and is irrelevant to the stop time caused by the “cell coverage sliding over the earth surface” (see the sub-figure in the middle in Figure 2). In a word, when talking about the stop time due to feeder link switching in the earth-moving cell, it refers to a stop time that is common to all the UEs in the cell, and has Nothing to do with the movement of the cell coverage over the earth surface. Actually, the situation caused by the stop time due to feeder link switching has no big difference between the earth-moving cell case and the quasi-earth fixed cell case, so the stop time due to feeder link switching can be broadcast by the network similar as t-Service specified in Rel-17.
Observation 2: In the earth-moving cell, the stop time due to service link switching is caused by “cell coverage sliding over the earth surface” and it is a UE specific value. By contrast, the stop time due to feeder link switching is irrelevant to the stop time caused by “cell coverage sliding over the earth surface” and it is a UE-common value.
In the practical deployment, one cannot guarantee that feeder link switching never happens in the earth-moving cell case (though perhaps not happening as frequently as service link switching), the stop time due to feeder link switching needs to be considered together with the stop time due to service link switching. Since the stop time due to service link switching and that due to feeder link switching need different handling as illustrated above, we propose that cell reselection enhancements due to both types of the stop time should be supported in the earth-moving cell case. Specifically, the UE shall start neighbour measurements before either type of the stop time is reached (e.g. though the UE may not necessarily be made aware of whether the stop time is caused by service link switching or feeder link switching). 
Proposal 4: For the time-based measurement initiation in the earth-moving cell, two types of stop time (which intend to handle the stop time due to service-link switching and feeder-link switching respectively) should be supported. 
Proposal 5: Similar to t-Service, the gNB configures a cell-level serving cell stop time that covers the stop time due to feeder link switching in the earth-moving cell. 
Proposal 6: Similar to the location-based criterion, the UE calculates the stop time based on the distance between the UE and reference location of serving cell to cover the stop time due to service-link switching.
[bookmark: OLE_LINK6]Proposal 7: The UE should start neighbour cell measurements before either type of the stop time is reached.
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following observations and proposals:
Observation 1: UE cannot evaluate trajectory of serving cell reference location based on satellite’s ephemeris and epochTime (at least not possible via these two parameters only).
Observation 2: In the earth-moving cell, the stop time due to service link switching is caused by “cell coverage sliding over the earth surface” and it is a UE specific value. By contrast, the stop time due to feeder link switching is irrelevant to the stop time caused by “cell coverage sliding over the earth surface” and it is a UE-common value.

Proposal 1: The network provides a series of reference locations, with each of them associated with the validity time (e.g., time stamp) that it applies, and the UE determines the valid reference location based on the current time.
Proposal 2: For the earth-moving cell, the existing parameter distanceThresh can be reused to provide the distance threshold for the location-based cell reselection.
Proposal 3: An explicit cell type indication (i.e., quasi-fixed cell or earth-moving cell) to the UE is not needed.
Proposal 4: For the time-based measurement initiation in the earth-moving cell, two types of stop time (which intend to handle the stop time due to service-link switching and feeder-link switching respectively) should be supported. 
Proposal 5: Similar to t-Service, the gNB configures a cell-level serving cell stop time that covers the stop time due to feeder link switching in the earth-moving cell. 
Proposal 6: Similar to the location-based criterion, the UE calculates the stop time based on the distance between the UE and reference location of serving cell to cover the stop time due to service-link switching.
Proposal 7: The UE should start neighbour cell measurements before either type of the stop time is reached.
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