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1. Introduction
 Agreements on NTN-TN cell reselection enhancements are summarized as below:
	RAN2#119-e 
Agreements [R2-2207327]:
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.
3.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 

	RAN2#119bis-e 
[bookmark: OLE_LINK3]Agreements [R2-2209578]:
1. 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.

	Agreements [R2-2210860]:
2.UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3.The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

	RAN2#120 
Agreements [R2-2211573]:
1.RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2.Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.

	RAN2#121
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.
3. As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
4. 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)
5. 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 


[bookmark: _Toc12718547]The contribution intends to further discuss the NTN-TN cell reselection with latest progress in RAN2 on this topic. 
2. Discussion
2.1 TN coverage
RAN2 has agreed to select among below options for delivering the TN coverage to assist measurement relaxation in NTN-TN reselection scenarios. 
· 	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.
As agreed in RAN2 the TN coverage is used to relax UE measurement when there is no TN coverage, therefore there is not strict accuracy requirement to provide the TN coverage in cell level granularity, which is also beneficial for both signalling overhead and security protection (i.e., to avoid expose BS location). 
Observation 1: For measurement relaxation purpose, there is no need to always provide TN coverage  in cell level, which can reduce signalling overhead as well as avoid concerns on exposing BS location.
Seen from one satellite’s view, the TN cells can be seen as a cluster. For option 1, the TN coverage can be indicate as a circular area which includes one or multiple TN cells, which is up to NW implementation. And the required signalling overhead includes the signalling overhead needed for reference Location coordinate and a distance threshold. 
Observation 2: Option 1 can provide circular TN coverage which includes one or multiple TN cells, where the required signalling overhead includes the overhead to indicate a reference location coordinate and a distance threshold.
Option 2 and option 6 are similar approaches which can use a list of coordinates to illustrate an irregular TN coverage, where the required signalling overhead will be dependant on the level of accuracy to be considered for broadcasting the TN coverage. The higher the accuracy requirement is, the more siganlling overhead is needed. 
Observation 3: Both Option 2 and option 6 use a list of coordinates (at least 2 is needed) to indicate the TN coverage, where the higher the accuracy requirement is the more signalling overhead is required.
It can be known that providing TN coverage is a trade-off between signalling overhead and accuracy. Below gives an example on different options used for providing the TN coverage in the view of a satellite, where TN coverage provided by option 1 is in green doted, TN coverage presented by opt 2 is given in orange dots and dashed line, and TN coverage given by option 6 is in blue dots and solid line.


Figure 1 Example on different options used for providing the TN coverage
According to above Figure 1, the TN coverage accuracy presented by opt2 and opt 6 is similar, and is slightly higher than opt 1. The required signalling overhead for option 1 is one reference location coordinates and one distance threshold. For option 2, the required signalling overhead is 4 coordinates with at least one bit to indicate the TN direction, and for option 6 the required signalling overhead is 5 coordinates. It can be seen that option 1 has the least signalling overhead since the signalling overhead to indicate a distance threshold is normally smaller compared to the signalling overhead to indicate a coordinates, while the accuracy may not necessary be higher than option 1. Considering the simplest situation where only one line is used in option 2 (2 coordinates required) and a triangular is used in option 3 (3 coordinates required), the required signalling overhead would still be higher than option 1, while the accuracy of TN coverage may be lower than opt 1. 
To sum-up, compared to option 1, option 2 and option 6 needs much more signalling overhead to indicate TN coverage while the accuracy of TN coverage is not necessarily higher than option 1. Moreover, both option 2 and 6 would require extra complexity in implementation since NW needs to carefully selects the coordinates along the TN coverage edge.
Observation 4: Option 2/6 requires much more signalling overhead while the improved TN coverage accuracy is not obvious. And option2/6 require extra complexity in implementation since NW needs to carefully selects the coordinates along the TN coverage edge.
Based on above analysis, option 1 is a better solution considering both the accuracy and siganlling overhead required. However, considering in real deployment, the aggregation of TN cells won’t normally has a circular shape, but more like an ellipse, an TN coverage presented by a ellipse can provide more accurate TN coverage information. For a TN coverage with the shape of ellipse, the required information would be the coordinate of ellipse center, half width of the major axis of the ellipse, half width of the minor axis of the ellipse, and an angle information indicating the inclination of the ellipse. Compared to option 1 the additional information required is one additional distance threshold and one angle information, which is not so much. 
Observation 5: Compared to option 1, ellipse-like shape can be used to describe a more realistic TN coverage with higher accuracy and the additional signalling overhead is not so huge (one additional distance threshold and one angle information).
Therefore based on above analysis it is proposed that RAN2 to discuss whether to use ellipse-shape or circle-shape to indicate TN coverage. If ellipse-shape is used, then the required information to indicate the TN coverage can includes a location coordinates of ellipse center, a half length of major axis, a half length of minor axis, and a angle information. Since there is no need to provide cell-level coverage to UE, it can be up to NW’s implementation to decide how to aggregate the TN cells within one TN area.
Proposal 1: RAN2 discuss whether to use ellipse-shape or circle-shape to describe TN coverage.
Based on the outcome of P1, RAN2 agree on either P1a or P1b as given below: 
Proposal 1a: If circle-shape is used to describe TN coverage, the TN area information is a circular area with location coordinates of area center and radius. It is up to NW’s implementation to aggregate one or more TN cells within the TN coverage provided.
Proposal 1b: If ellipse-shape is used to describe Tn coverage, the TN area information includes a location coordinates of ellipse center, a half length of major axis, a half length of minor axis, and a angle information. It is up to NW’s implementation to aggregate one or more TN cells within the TN coverage provided.
It is agreed that broadcast is a basic means to provide TN coverage , and it is only used when UE is camping on NTN serving cell. It is straightforward to consider SIB19 for providing the TN coverage information.
Proposal 2: SIB19 is used to provide the TN coverage information to UE.
2.2. Measurement relaxation based on NW type
[bookmark: OLE_LINK2]In last meeting it has been agreed that RAN2 will not further pursue additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) , but it is still possible to consider additional measurement relaxation rules based on NW type for power saving purpose. Current agreed measurement relaxation rules assisted by TN coverage information requires NTN and TN coordination, which may not always fulfilled when NTN and TN is served by different operators.
Observation 6: Measurement relaxation rules assisted by TN coverage information requires NTN and TN coordination, which may not always available, e.g., when NTN and TN is served by different operators.
For cases mentioned above, UE will blindly search cells on other NW type continuously on the configured neighboring cell frequency since no TN coverage information can be provided by NW, while NW may still want to relax UE measurement on other NW type. A solution to resolve this issue can be introduce a configurable autonomous cell search to other NW type. 
For example, an indication can be sent from the camped NTN cell to UE to enable autonomous search for TN cells. UE will then decide when and/or where to search for a TN cell by implementation. For example, UE can perform measurements on the visited TN cells or frequencies to see if there is any TN cell nearby. If one or more TN cells are found by UE, UE in RRC_IDLE or RRC_INACTIVE can decide to re-select to a found TN cell while UE in RRC_CONNECTED can send a proximity indication to NW so that NW would be aware of the coverage of another network type and configure measurements accordingly as well as collect the coverage information from other NW type. 
Since the autonomous cell search to another NW type is configurable by NW, and with one time collection of the coverage information from other NW type (e.g., TN), this information can be used subsequently for configuring UE with measurement relaxation based on the TN coverage, the overall power consumption can still be reduced. 
Observation 7: By configuring UE to autonomous search for cells to another NW type, NW can collect the coverage information from other NW type. And with one-time collection, the information can be used subsequently for configuring UE measurement relaxation based on TN coverage information. 
Therefore, it is proposed to adopt autonomous cell search to another NW type as supplementary solution to UE measurement relaxation based on TN coverage. Considering the same requirement might exist when UE is camped on TN cells, and NW would like to relax the NTN cells when there is no TNT coverage, and the required signalling for both cases are similar, for future proofing, the autonomous search function can be introduced in both directions (from NTN to TN or from TN to NTN.) With the above consideration, below proposals are made:
Proposal 3: An indication is provided from the camped cell to UE to enable autonomous search function for cells of another network type, e.g. TN or NTN. 
Proposal 4: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more cells of another network type which are detected based on autonomous search function.

3. Conclusion and proposals 
Based on the analysis in previous sections, the following observations and proposals are given: 
Observation 1: For measurement relaxation purpose, there is no need to always provide TN coverage  in cell level, which can reduce signalling overhead as well as avoid concerns on exposing BS location.
Observation 2: Option 1 can provide circular TN coverage which includes one or multiple TN cells, where the required signalling overhead includes the overhead to indicate a reference location coordinate and a distance threshold.
Observation 3: Both Option 2 and option 6 use a list of coordinates (at least 2 is needed) to indicate the TN coverage, where the higher the accuracy requirement is the more signalling overhead is required.
Observation 4: Option 2/6 requires much more signalling overhead while the improved TN coverage accuracy is not obvious. And option2/6 require extra complexity in implementation since NW needs to carefully selects the coordinates along the TN coverage edge.
[bookmark: _GoBack]Observation 5: Compared to option 1, ellipse-like shape can be used to describe a more realistic TN coverage with higher accuracy and the additional signalling overhead is not so huge (one additional distance threshold and one angle information).
Proposal 1: RAN2 discuss whether to use ellipse-shape or circle-shape to describe TN coverage.
Based on the outcome of P1, RAN2 agree on either P1a or P1b as given below: 
Proposal 1a: If circle-shape is used to describe TN coverage, the TN area information is a circular area with location coordinates of area center and radius. It is up to NW’s implementation to aggregate one or more TN cells within the TN coverage provided.
Proposal 1b: If ellipse-shape is used to describe TN coverage, the TN area information includes a location coordinates of ellipse center, a half length of major axis, a half length of minor axis, and a angle information. It is up to NW’s implementation to aggregate one or more TN cells within the TN coverage provided.
Proposal 2: SIB19 is used to provide the TN coverage information to UE.
Observation 7: Measurement relaxation rules assisted by TN coverage information requires NTN and TN coordination, which may not always available, e.g., when NTN and TN is served by different operators.
Observation 8: By configuring UE to autonomous search for cells to another NW type, NW can collect the coverage information from other NW type.  And with one-time collection, the information can be used subsequently for configuring UE measurement relaxation based on TN coverage information. 
Proposal 3: An indication is provided from the camped cell to UE to enable autonomous search function for cells of another network type, e.g. TN or NTN. 
Proposal 4: For UE in RRC_CONNECTED, a proximity indication can be sent to the network to indicate that the UE is entering or leaving the proximity of one or more cells of another network type which are detected based on autonomous search function.
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