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1	Introduction
In the past meetings, the followings are agreed [1, 2, 3].
RAN2 #121 agreements:
Agreements:
1. TN coverage area information will be associated to the frequency information.

RAN2 #121-bis-e agreements:
Agreements:
1.	For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful

Agreements via email – from offline 106:
1. Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
2. Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.

RAN2 #122 agreements:

Agreements:
1. An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
2. Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius
3. TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
4. We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information.

In this paper, we provide our views on NTN-TN cell re-selection enhancements, focused on how to describe TN coverage based on the above agreements.
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2.1	A better description of TN coverage
RAN2 agreed to describe the TN coverage using a TN coverage area list where a TN area is described by center location coordinates + radius, i.e., a circle. Obviously, description of TN coverage needs to be accurate because UEs can avoid unnecessary measurements for TN.
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Figure 1. Examples of various descriptions for a given TN coverage: (a) using one TN area within the NTN cell coverage, (b) using one TN area that exceeds the NTN cell coverage, (c) using three TN areas without overlapping, and (d) using three TN areas with overlapping.

Figure 1 shows examples of various TN coverage descriptions, where the TN coverage is shaped as a cape. Comparison of the four examples provides insight on how to obtain more accurate TN coverage description.
Firstly, allowing TN area to exceed the NTN cell coverage is desirable. Comparing Figure 1 (a) and Figure 1 (b), Figure 1 (b) is more accurate. That is, Figure 1 (b) has a smaller white colored area inside the green circle (note that the area exceeding the NTN cell coverage is meaningless for a UE and therefore we don’t need to consider such area). Considering the agreements listed in Section 1, TN areas can exceed the NTN cell coverage without any RAN2 impacts. 
Secondly, allowing TN areas to overlap each other is also desirable. Comparing Figure 1 (c) and Figure 1 (d), Figure 1 (d) is more accurate because there are TN coverages that is not covered by green colored circles in Figure 1 (c). Considering the agreements listed in Section 1, the overlapping is possible without any RAN2 impact.
Lastly, comparing Figure 1 (b) and Figure 1 (d), Figure 1 (d) is more accurate, which is an obvious result considering that the number of TN area circles used in Figure 1 (d) is three times greater than that in Figure 1 (b). However, increase in the number of TN area circles results in a burden of broadcast information.
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2.2	Clarification of the frequencies associated with the common area of overlapping TN areas
Frequency information is associated with TN coverage area information [1]. However, as we can see in the examples in Figure 1, a TN area expressed as a circle cannot exactly cover the actual TN coverage. That is, there can be areas not belongs to TN coverage inside a TN area, i.e., there can be white colored areas inside a green colored circle. Therefore, the frequencies associated with a TN area may not be supported somewhere inside a TN area.
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Figure 2. Example of overlapping TN areas

There is an ambiguity in the frequency information associated with the common area of overlapping TN areas. For example, in Figure 2, if the frequencies associated with TN area #A and TN area #B are {f1, f2} and {f2, f3}, respectively, what are the associated frequencies in the common area? 
Obviously, the answer is {f2}; even though the common area belongs to both TN areas, f1 and f3 are not associated both TN areas in common. This may seem strange at first glance because, for example, f1 is associated with TN area #A and the common area belongs to TN area #A. However, recall Observation 2, it is understandable.
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2.3	NTN-only area for a more accurate TN coverage description
Let NTN-only area refer to an area that does not belong to the TN coverage but belongs only to the NTN coverage. Then, an NTN-only area can be expressed as a TN area with no associated frequency.
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Figure 3. Example of a more accurate TN coverage description by adopting “NTN-only area”

As we can see in Figure 3 (a), a TN area expressed as a circle may have areas belong to the TN area but outside of the actual TN coverage. Then, as shown in Figure 3 (b), a more accurate TN coverage description can be obtained using the same number of circles, i.e., 3.
When an NTN-only area overlaps with a TN area, it can be seen as overlapping of two TN areas in which one TN area has no associated frequency according to Observation 3. Then, by the clarification of Proposal 1, the common area has no associated frequency, which results in reduction of the area belongs to a TN area but outside of the actual TN coverage (i.e., reduction of the yellow colored area in Figure 3 (b))

[bookmark: _Toc142653837]NTN-only areas enable NW to have not only more flexibility but also more accuracy in describing the TN coverage.

An NTN-only area can be signalled using the same format as a TN area because it can be expressed as a TN area with no associated frequency.
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If an NTN-only area can be signalled using the same format as a TN area, information for NTN-only areas can be signalled in conjunction with information for TN areas in a TN coverage area list.
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3	Conclusions
In this paper, the following observations are made: 
Observation 1	A more detailed TN coverage can be obtained by overlapping TN areas which can exceed the NTN cell coverage
Observation 2	The associated frequency may not be supported over the entire area within a TN area circle.
Observation 3	An NTN-only area can be expressed as a TN area with no associated frequency,
Observation 4	NTN-only areas enable NW to have not only more flexibility but also more accuracy in describing the TN coverage.
Observation 5	A TN coverage area list can have NTN-only area information without any modification

In this paper, we propose the followings:
Proposal 1	The frequencies associated with the common area of overlapping TN areas are those in the overlapping TN areas in common.
Proposal 2	Information for NTN-only areas is provided by broadcast signalling, where an NTN-only area is expressed as a TN area with no associated frequency.
Proposal 3	A TN coverage area list can have not only TN area information but also NTN-only area information.
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