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1. Introduction
During the RAN2 #120 meeting, some topics could not be resolved, and it was further agreed that:
	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.


During the RAN2 #121 meeting, further agreements were made:
	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.


Further agreements include:
	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 provide our views on these topics.
2. Discussion
[bookmark: _Hlk85194802]2.1. Number of TN neighbours in an NTN cell and its impact on NTN to TN mobility
In NTN cells, beam Footprint can only be as low as 100km [1] for LEO, greater than most TN cells (1km is considered a macro-cell, TR 36.942), and it can be as big as 3500km for GEO cells. NTN can be used to have coverage in deserted places, i.e. places with no TN cell coverage, however most deserted places will not span across thousands of km (with the notable exception of the oceans) with no TN cells.
Furthermore, due to their smaller size, there will be many more TN neighbouring cells for an NTN cell, which includes traditional neighbouring TN cells at the NTN cell edge as well as TN cells inside the NTN cell coverage.
Observation 1: There are countless UEs within range of an NTN cell compared with TN cells.
In Figure 1, we describe the example of a large NTN beam footprint that covers an area comprising of deserts (here, mountainous regions and a large body of water) over two lands with many neighbouring TN cells.
In all scenarios from Figure 1, due to the size of the satellite beam footprint, most neighbouring cells are irrelevant to a single UE, more specifically:
· UE 1 is travelling from a desert zone (e.g. at sea) and would only be interested in the few cells on the shore of Land B
· For UE 2, it is in a geographically limited area with low coverage (e.g. mountains) and may only be in proximity of a few towns in Land A when it gets in line-of-sight
· For UE 3, there is no TN cells in proximity, even in line-of-sight. This case of was highlighted in [6] ‘s proposal to “discuss the enhancement to avoid UE to measure TN neighbour cells when it is in NTN only area.”
Observation 2: For any given NTN UE, the vast majority of TN neighbours are not within range and are not acceptable cells.
Since it was agreed that UEs can prioritise TN cells based on configuration, at least in IDLE mode cell selection, it can be assumed that UEs will try to search for suitable TN cells even when in good NTN coverage. Neighbouring cell information can be used to indicate available TN cells. Indeed, the goal of neighbour information is to provide UEs with information to facilitate UE cell (re)selection and minimise power consumption by indicating which cells may be suitable to a UE, typically frequencies where to scan for available cells (for inter-frequency).
However, we observed that the number of neighbouring cells will be much greater for NTN cells and this NTN cell will need to broadcast every frequency where there is at least one neighbouring cell, which may not be relevant to most UEs (e.g. UE 1 and UE 2 in Figure 1) and other UEs will not have any suitable cell within the broadcasted frequencies (here, UE 3).Figure 1 - Mobility scenarios

This issue is already present in TN cells to some extent for terrestrial borders, where UEs measure frequencies of the cells of all the neighbouring countries (e.g. France, Italy and Switzerland) for which there exists a roaming contract. This represents an additional measuring load for the UE but only concerns a limited number of countries, all of which are relevant to the UE. In NTN cells however, if these are allowed to be operated across many regions/countries, this load could be greatly increased and would not be relevant to the UEs, e.g. frequencies for TN cells in both India and Iran (and all other countries in the area) for a satellite flying above Pakistan.
This is especially true for UEs in NTN-only zones where they are provided with a high number of neighbouring frequencies but will not be able to find a cell in any of them. Therefore, we think that the network should prevent these UEs to do any TN neighbouring frequency measurement by indicating them that they are in an NTN-only zone.
Observation 3: NTN to TN mobility may cause excessive and unnecessary inter-frequency measurements for UEs, leading to poor energy efficiency.
According to our observations, we believe that informing UEs of the presence of TN networks would be beneficial. This was agreed in principle last meeting, however, the level of accuracy of such signalling still needs to be discussed. Indeed, the issue of the granularity was mentioned during RAN2 #120 but no specific agreement was reached during RAN2 #121.
An important thing to consider is that signalling of TN neighbours is applicable to Idle UEs. According to O1 and O2, such idle UEs may be numerous, and would benefit from broadcast information regarding the location of TN cells.
Proposal 1: Any signalling to help UEs find a TN cell should be broadcasted.
Some UEs close to a TN zone may benefit from dedicated information regarding available cells. However, the amount of UEs that may be between TN and NTN zones, and the diversity of specific cells that would be relevant would represent too high a load to signal. Hence, dedicated signalling should not be considered.
Proposal 2: Dedicated UE signalling should be down prioritised.

2.2. Solutions to improve signalling for Cell Reselection 
Three options were considered to provide location information for TN cells.
We see benefit in each of the 3 down selected solutions:
· Option 1: Having a simple location with a radius can be useful either for roughly designated areas with very low signalling overhead, or alternately for very precise areas with only one cell (this second option seems less beneficial)
· Option 2: Given the potential size of an NTN cell coverage, it could be split between an NTN-only ocean zone and a continental TN-zone. In such case, a simple binary divide may be beneficial.
· Option 6: This is the most straightforward way to indicate specific geographical areas. The main drawback is the signalling overhead of defining numerous coordinates and the limited accuracy on a large scale such as the coverage of an NTN cell.
As a baseline, Option 6 provides the most straightforward, versatile, and accurate solution, at the cost of requiring more overhead in sone scenarios, for which Options 1 and 2 provide a more efficient solution.
However, the granularity of describing TN or NTN zones may only be as fine as the network is willing to provide. For the scale of an NTN cell, such granularity may be very coarse. Hence, providing a combination of indications, including some with lower granularity (but also less overhead) may be a good compromise.
Proposal 3: Use Option 6 as a baseline, further discuss if Option 1 and Option 2 should also be considered.
Finally, similarly to how the network should help find TN cells when in the vicinity, the network should help UEs in NTN-only zones save power and not look for TN cells. Indeed, similarly to how TN zones may be sparse in between NTN zones, NTN zones may also be sparse between TN zones.
Observation 4: There may be sparse TN zones (e.g. towns in an otherwise rural/desertic area) but also sparse NTN zones (e.g. rural areas between towns or mountainous areas between urban areas)
Following the RAN2 #121 agreement that “TN coverage area information will be associated to the frequency information”, a simple solution for this problem would be that an NTN-only coverage information could also be associated with frequency information. Such information could then also be associated with location information.
Proposal 4: RAN2 to discuss indicating NTN-only zones to UEs by associating location information with an empty group of frequencies.
3. Conclusion
In this paper, we make the following observations: 
Observation 1: There are countless UEs within range of an NTN cell compared with TN cells.
Observation 2: For any given NTN UE, the vast majority of TN neighbours are not within range and are not acceptable cells.
Observation 3: NTN to TN mobility may cause excessive and unnecessary inter-frequency measurements for UEs, leading to poor energy efficiency.
Observation 4: There may be sparse TN zones (e.g. towns in an otherwise rural/desertic area) but also sparse NTN zones (e.g. rural areas between towns or mountainous areas between urban areas)
Following these observations, we make the following proposals:
Proposal 1: Any signalling to help UEs find a TN cell should be broadcasted.
Proposal 2: Dedicated UE signalling should be down prioritised.
Proposal 3: Use Option 6 as a baseline, further discuss if Option 1 and Option 2 should also be considered.
Proposal 4: RAN2 to discuss indicating NTN-only zones to UEs by associating location information with an empty group of frequencies.
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