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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] emphasizes NTN-TN and NTN-NTN mobility and service continuity as an important area for improvements. For cell reselection enhancements, the following aspects are considered:
· “For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point.”
· “Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).”
In this paper, we address the second aspect above.
[bookmark: _Ref178064866]2	Discussion
2.1	Cell type identification
During RAN2#120, some companies raised the question of how a UE can identify whether a neighbour cell frequency broadcast in System Information belongs to a Terrestrial Network or a Non-Terrestrial Network. Even though TN and NTN have generally been assigned separate band numbers, there is an exception in band 1 in which both TN and HAPS can operate [2]. In addition, some NTN bands overlap in frequency with TN bands, for instance band 24 and band 255 [3,4]. Therefore, UEs cannot differentiate network access type based on band numbers.

[bookmark: _Toc131714952]Band number 1 allows operation of TN and HAPS.
[bookmark: _Toc131714953]Band number alone is not sufficient to differentiate between TN and NTN access.

The possibility to add a separate (explicit) indication was discussed and the following agreement was made:
· [bookmark: _Hlk127446149]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.

The situation slightly differs depending upon the type of network where UE is camping. Firstly, we examine the case of a UE camping in NTN when TN neighbour cell information is broadcast in SI. In the second scenario, a UE is camping on TN when NTN neighbour cell information is broadcast in SI.
2.1.1	TN neighbour cell information broadcasted in NTN cells
A UE camping in NTN obtains its neighbour cell information from different System Information Blocks: SIB3 contains intra-frequency information, SIB4 contains inter-frequency information, and SIB19 provides satellite assistance information. As shown in the excepts below [5], there exists a common parameter, physCellId, PCI, which can be used to identify which neighbour cell information belongs to each satellite.

[bookmark: _Toc131714954]UE can use PCI to match satellite assistance information in SIB19 with neighbour cell information in SIB3 and SIB4.

In this way, for this scenario, a UE does not require an explicit indication since it can already autonomously determine whether a neighbour cell belongs to TN or NTN. 

[bookmark: _Toc131714955]UE camping on NTN can rely on implicit indication to differentiate TN and NTN neighbour cells.

--------------------------------------------------------- 38.331---------------------------------------------------------
SIB3 information element
IntraFreqNeighCellInfo ::=          SEQUENCE {
    physCellId                          PhysCellId,
    q-OffsetCell                        Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                                  OPTIONAL,   -- Need R
    q-RxLevMinOffsetCellSUL             INTEGER (1..8)                                  OPTIONAL,   -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                                  OPTIONAL,   -- Need R
    ...
}

SIB4 information element
InterFreqNeighCellInfo ::=          SEQUENCE {
    physCellId                          PhysCellId,
    q-OffsetCell                        Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                                              OPTIONAL,   -- Need R
    q-RxLevMinOffsetCellSUL             INTEGER (1..8)                                              OPTIONAL,   -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                                              OPTIONAL,   -- Need R
    ...
}

SIB19 information element
NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}
--------------------------------------------------------- 38.331---------------------------------------------------------

2.1.2	NTN neighbour cell information broadcasted in TN cells
The case for a UE camping in TN with NTN neighbours is slightly different. Neighbour cell information is similarly obtained from SIB3 and SIB4. However, broadcast of SIB19 in a TN cell may indeed be problematic according to the current specification. There are a few procedures in which the presence of SIB19 indicates the serving cell is non-Terrestrial. The following excerpt from RRC [5] shows an example. Upon SIB19 acquisition, a UE starts or re-starts T430 timer (ntn-UlSyncValidityDuration), which indicates the maximum validity time of the satellite assistance information, for the serving cell. Hence, whenever SIB19 is broadcast, a UE that acquires this SIB assumes that the serving cell is non-Terrestrial.

[bookmark: _Toc131714956]The presence of SIB19 implies that serving cell is non-Terrestrial.

--------------------------------------------------------- 38.331 ---------------------------------------------------------
[bookmark: _Toc131064369][bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][bookmark: _Toc46480459][bookmark: _Toc115428435]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
--------------------------------------------------------- 38.331 ---------------------------------------------------------

As a result, it might not be presently possible to broadcast SIB19 in TN cells which creates an additional issue. The current stage 2 specification (see the excerpt below) [6] states that it is up to UE implementation to measure NTN neighbour cells whenever the corresponding satellite assistance information is not provided. This applies to both RRC_CONNECTED and RRC_IDLE modes. Thus, if SIB19 or its contents are not made available in a TN cell, a UE may not be able to measure an NTN neighbour cell leading to restricted TN to NTN RRC_IDLE mode mobility.

[bookmark: _Toc131714957]It is up to UE implementation to measure an NTN neighbour cell if the corresponding satellite assistance information is not available.
[bookmark: _Toc131714958]RRC_IDLE mode mobility from TN to NTN may be restricted due to the lack of means to provide a UE with the corresponding satellite assistance information.

--------------------------------------------------------- 38.300 ---------------------------------------------------------
[bookmark: _Toc124536348]16.14.3.3	Measurements
[…]
For a UE in Idle/Inactive mode it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB4 but not included in SIB19.
For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.
--------------------------------------------------------- 38.300 ---------------------------------------------------------


Given the above measurement restriction, network needs to provide satellite assistance information in System Information to facilitate RRC_IDLE mode mobility. Although SIB19 broadcast may not be possible, a UE only requires the contents of the IE NTN-config-r17 to carry out neighbour cell measurements. Thus, a simple solution to the problem is to broadcast this information in SIB3/SIB4 only for NTN neighbour cells. As a result, this information allows a UE camping on a TN cell to differentiate whether the neighbour cell belongs to TN or NTN.

[bookmark: _Toc131714966]Satellite assistance information, i.e., NTN-config-r17, for NTN neighbour cells is provided in SIB3/SIB4 of TN cells.
[bookmark: _Toc131714959]If Proposal 1 is agreed, it is assumed that satellite assistance information provided in SIB3/SIB4 of TN cells is used to determine whether a neighbour cell is TN or NTN.

2.2	Cell reselection enhancements for TN-NTN mobility
2.2.1	Background
The coverage area of an NTN cell is expected to be larger than a TN cell. The typical NTN cell size is 1000 km for GEO and 100 km for LEO [7]. Figure 1 depicts a usual scenario where one or more TN cells are contained within the coverage area of an NTN cell. During Release 17, it was specified to transmit neighbour cell information in System Information (SIB19, SIB3 and SIB4) to assist mobility procedures. Thus, a UE camping on an NTN cell (see Figure 1) is aware of the existence of neighbouring TN cells and may start measurements for cell reselection. In fact, a common understanding is that network may assign higher priority to TN cells. This could lead to a situation in which a UE tries to measure TN cells in a location where there is no TN coverage which would unnecessarily increase its power consumption. For instance, UE 1 in Figure 1 can measure the TN cell that is closest to its current location but will waste power when trying to measure other TN cells that are situated far away. Similarly, UE 2 is in an area without any TN coverage and should not try to measure TN cells.

[image: ]
[bookmark: _Ref118128994][bookmark: _Toc126847822]Figure 1. Illustration of several TN cells within an NTN cell.

Enhancements to NTN-TN service continuity are targeted to minimize UE power consumption [7]. In RAN2#119bis-e, RAN2#120 and RAN2#121 this topic was discussed reaching the following agreements:
· 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.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
· 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.
· TN coverage area information will be associated to the frequency information.
· 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.
· As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
· 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)
· 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

According to the agreements above, network provides UEs with a sort of geographical indication to differentiate whether TN coverage is available in its current location to save power in unnecessary measurements. This indication is associated with frequency information and are distributed using broadcast signalling.

2.2.3	Accuracy requirements
There exists a trade-off between accuracy and signalling overhead. As the information becomes more accurate, it is necessary to increase the size of the signalling between network and UE. Hence, a geographical indication on a per cell basis [8] might result in a total overhead that defeats the power saving purpose since the size of a typical NTN cell may include many TN cells. A simpler solution is that the network evaluates each scenario and aggregates cells into different groups accordingly to minimize signalling. The decision criteria to form these groups of cells may be based on deployment information and would be up to network implementation. Thus, network can provide the UE with a single geographical indication per group of neighbour cell frequencies, which may be physically located close to each other, to assist in measurement initiation.

[bookmark: _Toc131714960]A trade-off exists between accuracy and signalling overhead. The more accurate information, the more resource intensive it becomes.
[bookmark: _Toc131714967]A single geographical indication per group of TN cells is provided to initiate TN neighbour cell measurements.

2.2.4	Assistance information format
In RAN2#121, the assistance information format for a UE to identify an area where a TN network is available within an NTN cell was agreed to be down scoped to these three options:
· 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.

For the sake of simplicity, this analysis assumes that the location coordinates for all the options are given in an identical manner, i.e., using the same format and number of bits, and utilizes the positioning IE Ellipsoid-Point captured in TS 37.355. In Release 17, this IE was agreed to be used for the serving cell reference location (referenceLocation-r17) broadcast in SIB19. Thus, it is reasonable to assume that this IE will be used to describe geographical areas in Release 18. Moreover, we build upon the assumption that the previous proposal is agreed, i.e., a TN geographical area corresponds to a group of TN cells.

------------------------------------------ 37.355 ------------------------------------------
[bookmark: _Toc27765158][bookmark: _Toc37680815][bookmark: _Toc46486385][bookmark: _Toc52546730][bookmark: _Toc52547260][bookmark: _Toc52547790][bookmark: _Toc52548320][bookmark: _Toc124534248]–	Ellipsoid-Point
The IE Ellipsoid-Point is used to describe a geographic shape as defined in TS 23.032 [9].
-- ASN1START

Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}

-- ASN1STOP

------------------------------------------ 37.355 ------------------------------------------

In terms of overhead, Option 1 is the leanest solution to describe a single TN because it just needs one location point plus a radius. Option 2 and Option 6 are quite similar. Option 2 requires several location points to draw the boundary line and a separate indication of which side of the boundary line the TN coverage is present. Option 6 is a closed shape and requires one location point more than Option 2 to describe an area.

[bookmark: _Toc131714961]Option 1 is the simplest solution to describe a single TN area within an NTN cell.

This enhancement has the purpose to optimize TN neighbour cell measurements for a UE camping on an NTN cell. RAN2 should select an option considering the reality of field deployments which are characterized by complex coverage patterns. Thus, analysing overhead in terms of a single area is an oversimplification.

[bookmark: _Toc131714962]TN field deployments are typically characterized by complex coverage patterns.

As an example, Figure 2 depicts the 4G coverage of a certain operator in a European country [10]. It is assumed that the size of the NTN cell corresponds to the area shown in the picture. A single boundary line (Option 2) has not been illustrated since it is unsuitable for this scenario, i.e., it is not possible to differentiate with one line between areas with and without TN coverage. Figure 2 (a) illustrates the example using Option 1; 5 location points plus their corresponding radius would be required to describe the TN coverage area with a certain accuracy. Figure 2 (b) shows the same example with Option 6; in this case, 8 location points are required. In conclusion, both Option 1 and Option 6 display similar signalling overhead for a typical scenario. Clearly, these results are situation specific, and the number of points will largely vary depending on the real TN footprint and the desired accuracy. Still, the analysis serves the purpose of illustrating a typical scenario.

[bookmark: _Toc131714963]Option 2, a single boundary line, is unsuitable for scenarios in which areas with TN coverage alternate with areas without TN coverage.
[bookmark: _Toc131714964]Option 1 and 6 show similar overhead to describe typical patterns of TN coverage.


(a) Option 1								(b)	Option 6
Figure 2. TN area description within an NTN cell for a typical coverage scenario.

Given a similar overhead, format selection becomes a trade-off between flexibility, accuracy, and computational cost. Option 6 offers a higher degree of flexibility. The polygon shape, captured in TS 23.032 [9], could be re-used and allows for different levels of complexity with a minimum of 3 and a maximum of 15 points. Therefore, any TN’s coverage footprint can be outlined with different accuracy levels by using a varying number of points. The network may compute the trade-off between accuracy and overhead depending on the characteristics of the scenario. On the flip side, the computation of geodesic lines is not simple [9], and the more complex the polygon, the bigger number of geodetic points. Thus, Option 1 could be still useful for some simple scenarios. 

[bookmark: _Toc131714965]Format selection is a trade-off between flexibility, accuracy, and computational simplicity.

[bookmark: _Toc131714968]Support Option 6 (list of locations corresponding to a closed shape) to describe TN coverage within an NTN cell.


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	Band number 1 allows operation of TN and HAPS.
Observation 2	Band number alone is not sufficient to differentiate between TN and NTN access.
Observation 3	UE can use PCI to match satellite assistance information in SIB19 with neighbour cell information in SIB3 and SIB4.
Observation 4	UE camping on NTN can rely on implicit indication to differentiate TN and NTN neighbour cells.
Observation 5	The presence of SIB19 implies that serving cell is non-Terrestrial.
Observation 6	It is up to UE implementation to measure an NTN neighbour cell if the corresponding satellite assistance information is not available.
Observation 7	RRC_IDLE mode mobility from TN to NTN may be restricted due to the lack of means to provide a UE with the corresponding satellite assistance information.
Observation 8	If Proposal 1 is agreed, it is assumed that satellite assistance information provided in SIB3/SIB4 of TN cells is used to determine whether a neighbour cell is TN or NTN.
Observation 9	A trade-off exists between accuracy and signalling overhead. The more accurate information, the more resource intensive it becomes.
Observation 10	Option 1 is the simplest solution to describe a single TN area within an NTN cell.
Observation 11	TN field deployments are typically characterized by complex coverage patterns.
Observation 12	Option 2, a single boundary line, is unsuitable for scenarios in which areas with TN coverage alternate with areas without TN coverage.
Observation 13	Option 1 and 6 show similar overhead to describe typical patterns of TN coverage.
Observation 14	Format selection is a trade-off between flexibility, accuracy, and computational simplicity.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Satellite assistance information, i.e., NTN-config-r17, for NTN neighbour cells is provided in SIB3/SIB4 of TN cells.
Proposal 2	A single geographical indication per group of TN cells is provided to initiate TN neighbour cell measurements.
Proposal 3	Support Option 6 (list of locations corresponding to a closed shape) to describe TN coverage within an NTN cell.
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