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1	Introduction
The following WI objective has been agreed for Rel-18 NTN WI [1]:
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements
This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
 Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



The following associated agreements were made at RAN2#121 [2]:
	Agreements:
1.	TN coverage area information will be associated to the frequency information.
2.	RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
	Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
	Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
	Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.



	Agreements:
1.	As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
2.	Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
3.	We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17



In this paper we share more thoughts on NTN-TN IDLE mode reselections.
2	TN Coverage Area
2.1 	Definition of TN coverage area
As concluded during RAN2#121, TN coverage area will be defined in one of the following ways [2]:
· Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
· Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
· Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
For the UE it is relevant to know if it is (potentially) in range of a TN to start measurements. It is irrelevant, where exactly this cell is, as the exact TN coverage area depends on different factors. Therefore, it is sufficient to provide the coverage on the level of a rough area rather than single cells.
Observation 1: The UE needs to know if it is close to the TN but does not require the exact coverage area.
Furthermore, to make sure signaling the TN coverage details is not excessive in terms of the number of bits consumed, the definition shall be relatively simple. For example, it shall not require broadcasting multiple geolocation points per each TN coverage area. 
Observation 2: To avoid excessive signaling, a single TN coverage area does not require broadcasting more than coordinates for a single geolocation. 
If we reuse the definition of Ellipsoid-Point [4], then latitude and longitude require jointly 48 bits for a single reference point (representing the TN area’s center). The minimum radius probably does not have to be smaller than ~1 kilometer, whereas the maximum radius could be defined such that it allows to approximately cover the area of a large city and its suburbs. Thus, let’s say it is equal to 50 km. If we assume 1 km granularity for defining the cell radius, then we need 6 bits to represent 50 different values of the radius. Jointly with latitude and longitude, we need approximately 54 bits to signal a single TN coverage area
Observation 3: If TN coverage is represented according to Option 1, TN area’s center is represented using Ellipsoid-Point, and the minimum and maximum radius is equal to 1 km and 50 km, respectively then 54 bits are required to signal a single TN coverage area.
The other options listed above are clearly more demanding when it comes to bit consumption.
Observation 4: Other options (i.e. option 2 and option 6) are less efficient when bit consumption is considered.
Thus, we would like to propose the following:
Proposal 1: For signaling the TN coverage the corresponding geographical area information is provided by the network via location coordinates of area center and the radius.
Considering our analysis above and if Proposal 1 is agreed, we suggest to decide which IE to use for representing the TN area’s center and what is the required range and granularity of the TN area’s radius.
Proposal 2: RAN2 shall further discuss which IE to use for representing the TN area’s center and what is the required range and granularity of the TN area’s radius.
2.2 	Signalling of TN coverage area
In multiple papers submitted to RAN2#121 it has been raised that broadcast-based TN coverage area providing is not easily achievable due to the size constraints. Thus, it has been argued that broadcast may serve to provide a coarse information, while more accurate TN coverage definition is sent to the UE using dedicated signalling. In our opinion, there is no need to differentiate and introduce coarse and accurate TN coverage information. If we use the definition of TN coverage as described in section 2.1 then system information can be used to provide the UE with the details of more than a single TN coverage area (considering the maximum SIB size of 2976 bits).
Observation 5: A single SIB can have a size of nearly 3k bits, so should be sufficient for signalling more than a single TN coverage area information requiring ~50 bits. 
Dedicated signalling, if understood as RRC dedicated signalling, requires the UE to be in RRC_CONNECTED mode, while the whole objective on TN-NTN reselections is to address the issues encountered by RRC_IDLE mode UEs. Obviously, there are means to configure the UE with certain information when it moves from RRC_IDLE to RRC_CONNECTED (e.g. in RRC Release message), but we also see no point why this information would have to be UE specific. After all, TN coverage is something which is fixed and unchanged. It is actually the same for all the UEs within certain area.  
Observation 6: TN coverage area is a static type of information; it does not change, and it is the same for all UEs within certain area.
Observation 7: Dedicated RRC signalling is not available to RRC_IDLE UEs. RRC Release is the only RRC-based dedicated way to configure TN coverage information to UEs going to RRC_IDLE.
Based on the brief analysis presented above, we propose the following:
Proposal 3: TN coverage area information is provided only using broadcast-type of signalling.
Proposal 4: There is no TN coverage information differentiation such as coarse information and accurate information.
2.3 	Validity of the TN coverage area information
As indicated already above, the TN coverage area information is something static. In addition, if signalled as we propose above, it is also not excessive in terms of the number of bits this information consumes. Thus, it is not a serious burden in terms of the UE’s storage capabilities.
Observation 8: TN coverage area represented according to Option 1 (i.e. TN area’s center and radius) is not problematic in terms of the UE storage capabilities when bit consumption is considered.
Due to the above, it is fine to expect the UE stores TN coverage information for a long time and does not require frequent updates. Of course, RAN2 needs to discuss how is it possible that the information acquired from one (e.g. cell-specifc) system information block is available e.g. when the UE is already few cells away from the cell whose SIB was the source of TN coverage information.
Proposal 5: RAN2 is asked to discuss how the information acquired from SIB in one cell can remain valid even if the UE has already moved few cells away.
We may also begin addressing this topic by taking small steps and defining the scenarios where the UE is not forced to acquire an updated TN coverage information. For example, if the UE is within the coverage of the TN area for which it has acquired the details, then there is not point in searching for new TN coverage information. Similarly, if the UE is stationary, then it is obviously not moving towards any TN coverage area and new information acquisition is pointless. On the other hand, if the UE moves significantly, then it may turn out the previously acquired information becomes insufficient as new TN coverage spots may become available.
Proposal 6: RAN2 is asked to discuss in what circumstances the UE may not acquire the new TN coverage information (e.g. UE is stationary or UE is within the TN coverage) and when the UE shall search for new TN coverage (e.g. UE moves significantly). 
3	Conclusion
In this paper the following proposals and observations on IDLE mode NTN-TN reselections have been made:
Observation 1: The UE needs to know if it is close to the TN but does not require the exact coverage area.
Observation 2: To avoid excessive signaling, a single TN coverage area does not require broadcasting more than coordinates for a single geolocation. 
Observation 3: If TN coverage is represented according to Option 1, TN area’s center is represented using Ellipsoid-Point, and the minimum and maximum radius is equal to 1 km and 50 km, respectively then 54 bits are required to signal a single TN coverage area.
Observation 4: Other options (i.e. option 2 and option 6) are less efficient when bit consumption is considered.
Proposal 1: For signaling the TN coverage the corresponding geographical area information is provided by the network via location coordinates of area center and the radius.
Proposal 2: RAN2 shall further discuss which IE to use for representing the TN area’s center and what is the required range and granularity of the TN area’s radius.
Observation 5: A single SIB can have a size of nearly 3k bits, so should be sufficient for signalling more than a single TN coverage area information requiring ~50 bits. 
Observation 6: TN coverage area is a static type of information; it does not change, and it is the same for all UEs within certain area.
Observation 7: Dedicated RRC signalling is not available to RRC_IDLE UEs. RRC Release is the only RRC-based dedicated way to configure TN coverage information to UEs going to RRC_IDLE.
Proposal 3: TN coverage area information is provided only using broadcast-type of signalling.
Proposal 4: There is no TN coverage information differentiation such as coarse information and accurate information.
Observation 8: TN coverage area represented according to Option 1 (i.e. TN area’s center and radius) is not problematic in terms of the UE storage capabilities when bit consumption is considered.
Proposal 5: RAN2 is asked to discuss how the information acquired from SIB in one cell can remain valid even if the UE has already moved few cells away.
Proposal 6: RAN2 is asked to discuss in what circumstances the UE may not acquire the new TN coverage information (e.g. UE is stationary or UE is within the TN coverage) and when the UE shall search for new TN coverage (e.g. UE moves significantly). 
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