[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #121	R2-2301523
Athens, Greece, 27 February – 3 March, 2023

Agenda item:		8.7.4.1.1 NTN-TN enhancements
Title:		Details of the TN coverage data signalling
Source:		NEC
Document for:		Discussion and decision
1. Introduction
During the RAN2 #119bis-e meeting, some discussion on cell reselection enhancements was postponed [1]:
	Postponed discussion:
Proposal 7: RAN2 to further discuss whether the cell type (i.e. “TN” vs “NTN”) of a neighbour cell can be indicated implicitly by existing system information, e.g., SIB19 or band numbers.
Proposal 8: Regarding the Assistance information for UE to identify an area where TN network is available, the following options can be further discussed:
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
1. The boundary line between TN area and NTN area
1. 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
1. An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage
1. 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.
1. Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.



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.


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.
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 1: 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).
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.Figure 1 - Mobility scenarios

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 2: NTN to TN mobility may cause excessive and unnecessary inter-frequency measurements for UEs, leading to poor energy efficiency.

2.2. Solutions to improve signalling for Cell Reselection 
In this section, we discuss solutions to reduced the observed excessive and unnecessary measurements.
One solution would be to reduce the number of frequencies that are broadcasted by the gNB in SIB4. For instance, the gNB could only provide a small list of frequencies where all UEs will be able to find at least one TN cell, typically a low frequency. Once the UE finds a TN cell, it can later reselect or be handed over to a more relevant TN cell, which frequency was not broadcasted by the original NTN cell.
However, even with such improvement, because the NTN cell will cover a very large geographical area, it is likely to include many countries, which may use different frequencies. Each country would require at least one or two higher priority frequency broadcasted in SIB4 to make sure that every UE that is within range of one or more neighbouring TN cells can successfully find at least one such cell.
Therefore, even if the gNB can reduce the number of broadcasted frequencies, it would still be too high and inefficient for UEs and further enhancements are necessary to solve this issue.
Observation 3: For an NTN cell covering many countries/regions, the cell can reduce the number of frequencies that it broadcasts but the need to broadcast at least one frequency per country/region may still lead to excessive and unnecessary inter-frequency measurements for UEs.
Since the number of frequencies that a gNB needs to broadcast may not be reduced, one simple solution is to signal them in independent groups. Each group then corresponds to a list of frequencies used in a restricted area of the cell, and this list will be highly dependent on the covered geographical area. Then, supposing that a UE is within coverage of at least one TN cell (e.g. UE1 in Figure 1), as soon as it detects a cell in a given frequency f1, it can start scanning other frequencies in the group in which this frequency belongs and avoid unnecessary scanning of frequencies where f1 does not belong.
In the case of NTN-only zones, a UE could deduce that it is in an NTN-only zones after failing to find acceptable cells in different frequencies from different groups and decide to wait longer until the next measurement.
Proposal 1: We propose to group frequencies depending on their geographical regions of the NTN cell coverage.
Another solution consists in taking advantage of this heterogeneity of frequencies depending on location. For instance, NTN UEs know their GNSS location so enhancements such as signalling location information relating to the group can be understood and used by the UE. Such location information could define e.g., the limits of a country or zone where specific frequencies are being used).
Proposal 2: RAN2 to discuss indicating a location information associated with a given group of frequencies.
Additionally, in the case of UE3 in a deserted area, it can also help identify that there are no TN cells available as well as know precisely when there will be:
· By inferring from the broadcast groups’ location information that it is not located in any group, or
· By signalling NTN-only zones with a location information associated with an empty list of frequencies
This second option can be useful for instance if the gNB chooses only to signal NTN-only zones but not other groups of TN frequencies.
Proposal 3: RAN2 to discuss indicating NTN-only zones to UEs by associating location information with an empty group of frequencies.

2.3. Accuracy and nature of TN data signalling
During email discussion [1], 6 options were identified:
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
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.

There will be a very high amount of neighbouring TN cells, so obviously indicating each TN cell’s coverage does not seem feasible. Instead, it is preferrable to indicate TN and NTN-only zones, as proposed in Option 2, where the UE could refrain from performing TN cell measurements as agreed in Proposal 9 of [1]. These zones could be indicated using e.g. a reference location and a distance threshold or a polygon shape, as described in options 1 and 6.
Option 4 tackles the case of when an NTN cell is fully NTN-only. Given the size of a satellite footprint, that would only be the case in very big ocean-only portion of the NTN coverage, which may not be practical.
Option 5 provides additional information per TN zone, which can be useful although it is unclear what the role of the “certain criteria” would be.
Proposal 4: The gNB indicates TN zones where UE can perform TN neighbour cell measurements.
Regarding the method to indicate geographical zones, we believe that the polygon shape captured in TS 23.032 is the most versatile and can describe more complex shapes, e.g. shorelines and clusters of TN cells.
Proposal 5: As a baseline, the polygon shape captured in TS 23.032 should be used to describe TN zones.
However, it must be noted that the polygon shape works best for highly dense TN to no TN coverage (e.g. a land vs sea) where there is a cluster of TN cells, but maybe not so much for more sparse or patchy coverage, e.g. deserts and mountains with few lone cells better described with a reference location and a coverage radius. In these cases, other geographical shapes may be preferred.
Indeed, in deserted places (outside of oceans), there may be many small clusters of few cells. Then it would be similar to a standalone cell that would have a circular coverage. These small clusters, on the scale of an NTN cells, would probably be more in number than the shorelines between land and sea. For these cells, it is more efficient in terms of signalling to have only one coordinate and a radius instead of a polygon (typically an hexagon, polygons have at least 3 coordinates in RS 23.032).
Observation 3: Different geographical shape descriptions have different overhead and may be more appropriate depending on the situation.
We argue that a polygon shape would be the most versatile shape, however, since there are many different coverage scenarios and within a cell as big as an NTN cell, we believe that having some flexibility in the way to signal TN zones would be beneficial.
Proposal 5: RAN2 to consider flexibility in the TN geographical zone description.
3. Conclusion
In this paper, we analyse the remaining issue and make the following proposals:
Proposal 1: We propose to group frequencies depending on their geographical regions of the NTN cell coverage.
Proposal 2: RAN2 to discuss indicating a location information associated with a given group of frequencies.
Proposal 4: The gNB indicates TN zones where UE can perform TN neighbour cell measurements.
Proposal 5: As a baseline, the polygon shape captured in TS 23.032 should be used to describe TN zones.
Proposal 5: RAN2 to consider flexibility in the TN geographical zone description.
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