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Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance TN-NTN cell reselection to reduce UE power consumption. And in RAN2#119, the following agreements were made as high-level guidance:
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.

In RAN2#119bis, further progress was made in this aspect.
Agreements:
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:
1. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

In this paper, we continue discussing what should be the assistance information 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.
Discussion 
To reduce UE power consumption during TN-NTN cell reselection, RAN2 agreed to work on the means 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. The background is TN frequency is usually with higher priority than NTN frequency, or network can assign different cell specific offset values to prioritize TN cells in case of intra-frequency deployment, and when a UE camps on an NTN cell it may need to keep measuring high-priority TN neighbour cells, even if they are not available in current area. By introducing some means, the intention could be for UE not having to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage for UE power saving.
In RAN2#119bis, several options have been proposed by companies:
List of options:
1.	The cell center and cell radius of TN neighbour cells, or in other terms, the reference location and a distance threshold of TN neighbour cells
2.	The boundary line between TN area and NTN area
[bookmark: _Hlk118397874]3.	For quasi-earth fixed cells, TN coverage is described by a distance range from the cell center and an angle range based on a reference direction
4.	An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage
5.	NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.
6.	Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.
In total, we prefer explicit description of geographical TN area, and option 1, 2 and 6 are all acceptable to us. For option 3, we understand “a distance range from the cell center and an angle range based on a reference direction” are used to illustrate a slice of a pie chart or a fan shape within an NTN cell, which is basically the same intention as with option 6. Option 3 only uses a fan shape, but any close shape could be used as mentioned in option 6 to illustrate a TN area. So, compared to option 3, it would be more flexible and accurate to use close shapes in option 6 than solely by a fan shape. For option 4, this overlap indication is a general indication without detailed geographical information, so the UE still doesn’t know if there is TN coverage at current UE location based on this indication. In option 5, the virtual areas need to be defined first, we think this is a redundant step compared to direct geographical description of TN coverage.
Observation 1: The explicit description of geographical TN area seems more straightforward and with less spec impact.
Regarding how to indicate the geographical area of TN neighbour cells within current NTN cell, in the following sub-sections, we elaborate on how option 1, 2, and 6 work.
Option 1: for each TN neighbour cell, the corresponding geographical area information is provided by network, e.g., approximate cell center and cell radius, as illustrated in Figure 1 there are 3 TN neighbour cells within an NTN cell. And this is also applicable when a neighbour cell is near current NTN serving cell, but not totally within this NTN cell. 




Figure 1: geographical area of each TN neighbour cell

[bookmark: _Hlk106374508]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 (e.g., location coordinates of a TN point), as illustrated in Figure 2. This is applicable when an NTN cell covers both parts of oceanic and terrestrial areas as illustrated in Figure 3.



Figure 2: boundary line between TN area and NTN only area
[image: ]
Figure 3: NTN cell covering both oceanic and terrestrial areas

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 illustrated in Figure 4. There could be an explicit indication for the boundary TN neighbor cells in each TN area (e.g., a list of boundary TN neighbor cells), which can be considered as the target neighbor cells for UEs in NTN-only area for cell reselection. Due to the reduction of the number of broadcast TN neighbor cells, as this is per TN area but not per neighbour cell, the benefit is less signalling overhead compared to the per TN cell assistance information. 





Figure 4: TN area for a group of TN neighbour cells
Proposal 1: RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion:
· Option 1: for each TN neighbour cell, the corresponding geographical area information is provided by network with location coordinates of cell center and cell 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.
Conclusion
In this paper, we discuss the TN-NTN cell reselection enhancements, and we have the following observation:
Observation 1: The explicit description of geographical TN area seems more straightforward and with less spec impact.
And we propose:
Proposal 1: RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion:
Option 1: for each TN neighbour cell, the corresponding geographical area information is provided by network with location coordinates of cell center and cell 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.
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