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1. Introduction
In this document, we address the issues to consider measurements on TN’s coverage and cell reselection enhancement for earth moving cell.
2. Discussion
2-1. TN frequency measurement relaxation
In RAN2#119, RAN2 agreed following statements.
	RAN2#119 Agreements:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means).
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.


    According to RAN2 agreement, RAN2 supports reduced measurement on TN frequencies based on the TN cells’ availability as discussed in [1]. As illustrated in Figure 1, for example, UE1 can find available TN cells around it. However, UE2 cannot find any available TN cells around it. As a result, the measurement on TN frequency is redundant for UE2. The UE performs measurement on TN frequencies where it can find available TN cells.


Figure 1 An example of NTN and TN cells deployment.
Proposal 1	The UE performs measurement on TN frequencies where it can find available TN cells.
To conduct such reduced measurement, UE needs TN cell coverage information. NTN serving cell may provide a location of TN cells and the boundary of TN cells’ coverage. However, provisioning direct information about TN cell coverage may be reluctant to MNOs. The coverage information should be constructed by field measurement. It is complex to determine where is the boundary of cell coverage because the result of field measurement may be different from combinations of network hardware and UE terminal.
Observation 1	Provisioning direct information about TN cell coverage is reluctant to MNOs.
Instead, NTN serving cell provides an area where it is sure that there are no TN cells. Though it is a sub-optimal method, such area information can be easily obtained by NTN MNO. Additionally, NTN serving cell provides TN frequency identifier to indicate which frequency will be relaxed for measurement.
Proposal 2	Introduce assistance information about an area where TN cell is not deployed and TN frequency identifier to perform reduced measurement on TN frequencies.

2.2 Cell reselection enhancement
In RAN2#119, RAN2 agreed following statements.
	RAN2#119 Agreements:
1. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios


In Rel-17, the measurement rules for cell reselection were enhanced based on the distance between UE and the serving cell reference location and remaining service time (RST) of serving cell [2]. Since characteristics of NTN cell are the same regardless of the NTN cell type, the measurement rules enhanced in Rel-17 should be applicable for UEs camping on the earth moving cell also. However, earth moving cell does not broadcast reference location and remaining service time that are essential to apply the measurement rules introduced in Rel-17. 
Observation 2	The distance-based and remaining service time(RST)-based measurement rule introduced in Rel-17 should be applicable for UEs camping on an earth moving cell.
Observation 3	The earth moving cell does not broadcast reference location and remaining service time.
Proposal 3	Reference location and remaining service time of the earth moving cell should be introduced to apply the measurement rule introduced in Rel-17.
Unlike the quasi-earth fixed cell, the reference location of the earth moving cell would constantly change with time, and the UE would be required to update the reference location more frequently than the quasi-earth fixed cell. Such frequent SI re-acquisition may cause the excessive load to the UE as well as the network. To tackle the problem, the network could provide multiple reference locations simultaneously along with the valid time duration. Alternatively, the UE could calculate the reference location over time using an initial reference location and the assistance information provided by the network. 
Option 1: NW-based reference location 
Opt-1a:
		- Network provides a single reference location.
		- Network triggers the SI modification procedure to update the reference location.
Opt-1b:
		- Network provides a set of reference locations, epoch time of the set and a valid duration.
		- UE selects the N-th element of the set as a reference location at the time (epoch time + (N-1)*valid duration).
Option 2: UE-based reference location 
		- Network provides epoch time, reference location at the epoch time, distance vector between the cell reference 
              location and nadir of satellite, ephemeris and periodicity.
		- UE calculates current reference location with the assistance information.
Though the Opt-1a requires no spec change, considering the speed of the LEO satellite is 7.5 km/s when the altitude is 700 km, it seems undesirable because it would lead to unacceptably frequent SIB acquisition for all UEs in RRC_IDLE/INACTIVE. Therefore, a new solution, such as option 1b or 2, needs to be specified for UE to acquire the reference location of the earth moving cell. 
Proposal 4	Form of reference location of earth moving cell should be different from the form of reference location of quasi-earth fixed cell.
Opt-1b is more simple than Opt-2. The network provides multiple reference locations and their time information in Opt-1b. However, in Opt-2, the network should provide a distance vector between the cell reference location and nadir of satellite because the nadir of satellite may not be the reference location of the cell. It is a burden to UE to calculate all reference locations of the neighbor cell, in which the maximum number of neighbor cells broadcasted by the serving cell is eight. To this end, we suggest introducing the Opt-1b as a method of reference location provision for earth moving cell.
Proposal 5	Multiple reference locations and its time information should be broadcasted to provide time-variant reference location of earth moving cell.
Now we want to discuss about the remaining service time of the earth moving cell. Unlike the quasi-earth fixed cell, for which the coverage lasts in a certain area for a period of time and disappears in an instant, the coverage of the earth moving cell moves gradually along the movement route of the satellite. The service termination timing of the earth moving cell would vary from UE to UE depending on the UE’s location though they are camping on the same cell. Therefore, UE should find the UE-specific RST of the serving cell to apply the RST-based measurement rule to earth moving cell.


Figure 2 Illustration of the earth moving cell coverage.
For example, as depicted in Figure 1, L diminishes as the cell coverage moves. The UE could derive the remaining service time by dividing L by the speed of the reference location having identical direction with the moving direction of the reference location. We assume that the trajectory of the reference location is a straight line and the UE is stationary. To calculate L, UE needs to know cell coverage radius R, angles a and A. The UE may obtain R from the network. The UE could derive angles a and A from the UE location and the ephemeris information. The UE also could calculate the remaining service time of the earth moving neighbor cell as long as the UE can obtain the ephemeris information and cell coverage radius of the cell.
Proposal 6	UE-specific RST of earth moving cell should be introduced to apply the RST-based measurement rule introduced in Rel-17 to earth moving cell.

During the discussion in Rel-17 NTN, companies had diverse opinions on introducing the location-based cell reselection and finally failed to reach a conclusion. As mentioned above, since the measurement result of the NTN cell could be good enough though the UE is located at the cell edge, the existing R-criteria is insufficient to sort out the candidate for cell reselection. If the distance to the neighbor cell is longer than the threshold, the cell should be excluded from the candidate for cell reselection though the cell satisfies the R-criteria. 
Proposal 7	The UE should not consider a neighbor cell as candidate for cell reselection when the distance between the UE and the reference location of the neighbor cell is longer than the distance threshold.
When the stationary UE camps on the TN cell, the UE hardly performs cell reselection. In contrast, the stationary UE camping on the NTN cell has to perform cell reselection due to the movement of the NTN cell. Furthermore, the service time of the NTN cell varies depending on the satellite's velocity and the beam steering scheme. Such property of the NTN cell may cause frequent cell reselections, i.e., the UE has to reselect again because it reselected the NTN cell that will stop to serving the area after a while. To this end, we suggest that the UE excludes NTN cells having RST less than threshold from candidate cells for cell reselection.
Proposal 8		UE excludes NTN cells having RST less than threshold from candidate cells for cell reselection.
3. Conclusion
In this contribution, following statements are proposed:
Proposal 1	The UE performs measurement on TN frequencies where it can find available TN cells.
Observation 1	Provisioning direct information about TN cell coverage is reluctant to MNOs.
Proposal 2	Introduce assistance information about an area where TN cell is not deployed and TN frequency identifier to perform reduced measurement on TN frequencies.
Observation 2	The distance-based and remaining service time(RST)-based measurement rule introduced in Rel-17 should be applicable for UEs camping on an earth moving cell.
Observation 3	The earth moving cell does not broadcast reference location and remaining service time.
Proposal 3	Reference location and remaining service time of the earth moving cell should be introduced to apply the measurement rule introduced in Rel-17.
Proposal 4	Form of reference location of earth moving cell should be different from the form of reference location of quasi-earth fixed cell.
Proposal 5	Multiple reference locations and its time information should be broadcasted to provide time-variant reference location of earth moving cell.
Proposal 6	UE-specific RST of earth moving cell should be introduced to apply the RST-based measurement rule introduced in Rel-17 to earth moving cell.
Proposal 7	The UE should not consider a neighbor cell as candidate for cell reselection when the distance between the UE and the reference location of the neighbor cell is longer than the distance threshold.
Proposal 8		UE excludes NTN cells having RST less than threshold from candidate cells for cell reselection.
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