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Introduction
In Rel-17, a NTN-capable UE in the idle/inactive state shall perform the intra/inter-frequency measurement before the serving cell stops providing the coverage, even if the signal strength/quality of the serving cell is good enough. While the UE can rely on the assistance information signaled in SIB19 to determine when a “quasi-Earth-fixed” cell is going to stop providing the coverage, the UE has no idea on when an “Earth-moving” cell is going to stop providing the coverage. In RAN2#119bis_e meeting, the means for UE (in the idle or inactive state) to estimate when an Earth-moving cell is going to stop providing coverage were discussed, and the following agreements were made during the meeting [1].  
	#Agreements in RAN2#119bis_e, regarding the NTN-NTN cell reselection
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
· In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE


It was agreed that two parameters, ‘reference location’ and ‘distance threshold’ are provided by the network for estimating when an Earth-moving cell will stop providing coverage. In this paper, the details on how to provide these two parameters to the UE, including how to update these two parameters are discussed. As the parameters are to be signaled in the system information and hence may not be updated frequently, the means for the UE to determine the actual reference location of an Earth-moving cell in real time are also discussed.
In addition, this paper also discusses the means to signal the TN coverage/area information to the UE in the idle/inactive state, in response to following agreements made for the NTN-TN cell reselection enhancement. 
	#Agreements in RAN2#119bis_e, regarding the NTN-TN cell reselection
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage




Discussion
Estimating when an Earth-moving cell stops providing the coverage
To facilitate UEs to estimate when a serving Earth-moving cell will stop providing coverage, providing t-Service in SIB19 is no longer suitable as the actual t-Service for different UEs will have different value. Therefore, the location-based method (relying on the reference location and distance threshold in SIB19) becomes the only mean suitable for the UE to determine when to start performing the measurement in the idle/inactive state, while camping on an Earth-moving cell. Among these two parameters, the distance threshold should remain unchanged and therefore the Rel-17 distance threshold can be reused even for the Earth-moving cell case. On the other hand, as the reference location keeps moving along with the satellite movement trajectory, it needs to be associated with a time stamp while being signaled in SIB19. To differentiate the new reference location associated with a time stamp from the Rel-17 reference location not associated with any time stamp, it is recommended to signal a new Rel-18 reference location parameter in SIB19, for the Earth-moving cell case. The new Rel-18 reference location also facilitates the UE to determine the cell type (i.e., Earth-moving vs. quasi-Earth-fixed) upon acquiring SIB19. 
[bookmark: _Toc118471079]The existing (i.e. Rel-17) distance threshold parameter signaled in SIB19 is also applicable to the Earth-moving cell, and a new Rel-18 reference location parameter is needed in SIB19 for the Earth-moving cell. 
Regarding the timestamp associated with the reference location, we think we can reuse the epoch time indicated in the NTN-Config IE. In this way, the network can update the reference location and the ephemeris information at the same time and with the same rate, which saves the burden/overheads for updating a new parameter introduced in the new release. It also makes sense to update these two pieces of information together, as they are highly correlated to each other (i.e., the reference location moves along with the satellite movement trajectory).
[bookmark: _Toc118471080]The new reference location for the Earth-moving cell refers to the location coordinate at a specific time instance indicated by the epochTime in NTN-Config.
[bookmark: _Toc118471081]The reference location for the Earth-moving cell is updated at the same time when the Ephemeris information is updated. 
Since the reference location of an Earth-moving cell is not going to be updated frequently, the UE needs to calculate the actual reference location in real time based on the latest reference location acquired from SIB19, the epoch time associated to the acquired reference location, the ephemeris information, and the time elapsed since the epoch time. More specifically, the UE determines first the elevation angle of the serving satellite based on the reference location and the ephemeris information of the satellite acquired from SIB19, and then determines the current reference location at the present satellite location based on the determined elevation angle, where the present satellite location can be derived from the ephemeris information acquired in SIB19. 
[bookmark: _Toc118471082]The UE calculates the actual reference location in real time based on the time elapsed since the epoch time, the reference location signaled in SIB19, and the Ephemeris information. 
Alternatively (alternative to P4), if the network has configured the UE with a TN carrier frequency to be measure in a measurement object, the UE can determine by itself whether to conduct the measurement on that TN carrier frequency or not, based on whether the UE is within or close to the TN area(s) associated to that TN carrier frequency. The UE can find the association between the TN area(s) and the TN carrier frequencies in the system information. 
Enhancement on NTN-TN cell reselection 
Regarding the NTN-TN cell reselection enhancement, the goal is to equip the UE with the means that can prevent the UE from wasting its power in measuring the TN frequencies/cells, when the UE is not in the vicinity of any TN coverage. As the UE is in idle/inactive state, it is nature the means (i.e., the TN coverage/area information) should be provided in the system information so that the UE can use the means with the up-to-date information. As the network would have to configure the RRC_IDLE/INACTIVE UE to conduct the inter-frequency measurement on a TN frequency in SIB4, it is more straightforward if the TN coverage/area using that TN frequency is also signaled in SIB4, together with the frequency configuration. In this way, we can also ensure the existence of the linkage between the TN coverage/area information and the frequency used in that TN coverage/area. It should be also noted that each frequency configured in SIB4 can be associated to multiple TN areas, as there could be multiple TN cells/areas operating with the same TN frequency.
[bookmark: _Toc118471083]The TN area information is signaled together with the inter-frequency cell reselection information in SIB4, where each frequency configured in SIB4 can be associated to one or more than one TN areas.
Conclusions
In this paper, the enhancements regarding the NTN-NTN and NTN-TN cell reselection are discussed, in response to the agreements made in the RAN2#119bis_e meeting. Based on the discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The existing (i.e. Rel-17) distance threshold parameter signaled in SIB19 is also applicable to the Earth-moving cell, and a new Rel-18 reference location parameter is needed in SIB19 for the Earth-moving cell.
Proposal 2	The new reference location for the Earth-moving cell refers to the location coordinate at a specific time instance indicated by the epochTime in NTN-Config.
Proposal 3	The reference location for the Earth-moving cell is updated at the same time when the Ephemeris information is updated.
Proposal 4	The UE calculates the actual reference location in real time based on the time elapsed since the epoch time, the reference location signaled in SIB19, and the Ephemeris information.
[bookmark: _GoBack]Proposal 5	The TN area information is signaled together with the inter-frequency cell reselection information in SIB4, where each frequency configured in SIB4 can be associated to one or more than one TN areas.
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