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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 aspects above.
[bookmark: _Ref178064866]2	Discussion
2.1	Reference location in Earth moving cells
In RAN2#119bis-e, significant progress was made to enhance cell reselection procedures for Earth moving cells. The following was agreed:
· [bookmark: _Hlk118291463]In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.

In Release 17, a similar distance-based method was agreed to initiate neighbour cell measurements in quasi-Earth fixed cells. It was decided that the serving cell reference location (referenceLocation-r17) and distance threshold (distanceTresh-r17) are broadcast in SIB19. Given the agreements presented above, the serving cell reference location for an Earth moving cell should also be provided in SIB19.

[bookmark: _Toc118445453]Introduce a new field for Earth moving cell reference location in SIB19.

Regarding a distance threshold, there is an existing field in SIB19 introduced for quasi-Earth fixed cells. However, its present description does not preclude its use in Earth moving cells scenario.
	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.



Therefore, there may be no need to introduce an additional field and distanceTresh-r17 can be reused for Earth moving cells.

[bookmark: _Toc118445454]distanceThresh-r17 in SIB19 is used for both Earth fixed and Earth moving cells.

From a signalling perspective, the following options were considered during a related offline discussion [2]:
· Option 1: only location coordinates of current cell centre, and network is supposed to update the values every time when it is provided for Earth-moving cell.
· Option 2: multiple reference locations and its time information of Earth-moving cell.
· Option 3: based on the sub-satellite point derived by satellite ephemeris and the broadcasted location offset between sub-satellite point and the cell reference location
· Option 4: cell type (fixed or moving), reference location coordinates with a time stamp, and the velocity of reference location 
· Option 5: cell type, reference location corresponding to the epochTime (reuse the existing epochTime).

Options 1 and 2 are the least efficient given the time-varying information (a moving location) is only valid and accurate for a limited time. Option 1 increases the energy consumption in both UE and network due to the need to continuously update and re-acquire System Information. Option 2 results in a bigger SIB message. Regarding option 3, 4 and 5, they are all variations of a similar concept: UE can calculate the current cell centre location from a position indication and a certain time reference that can be the satellite’s epochTime. Hence, knowing its own position, UE can autonomously decide based on its distance to the reference location and the provided threshold whether it is necessary to start neighbour cell measurements. This solution provides a better trade-off between signalling, power consumption and computational complexity.

[bookmark: _Toc118445398]UE can calculate the current cell centre location from a reference location, satellite ephemeris and a time reference.

Option 4 suggests including the ground velocity of the reference location. Nonetheless, its value can be obtained from the satellite ephemeris (ephemeris-Info-r17) as proposed in option 5. In addition, options 4 and 5 include an explicit indication of the cell type to differentiate between Earth moving and fixed cell scenarios. However, the present composition of SIB19 already allows UEs to know the serving cell type. For instance, as highlighted in the excerpt below, referenceLocation-r17 and t-service-r17 are only applicable to quasi-Earth fixed cells. Similarly, if Proposal 1 is agreed, the new fields implicitly indicate an Earth moving cell.

	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch.

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20].

	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.



Therefore, UE knows the cell type depending on which information is included in SIB19 and an explicit indication is not necessary.

[bookmark: _Toc118445455]Cell type is not indicated explicitly since it is already known from existing field descriptions in SIB19.

In conclusion, UE can calculate when the serving Earth moving cell will stop serving its current location based on a distance threshold and a refence location at an epoch time. For simplicity, a single epoch time is provided and applies to both satellite ephemeris and reference location. The reference location is provided as geodetic coordinates (latitude and longitude) and can be an absolute or a relative value. Option 3 proposes a relative value (an offset) based on the offset between cell centre and subsatellite (see next Figure). This approach might be more efficient in terms of signalling.

[bookmark: _Toc118445456]Epoch time (epochTime-r17) applies to both satellite ephemeris and Earth moving cell reference location.
[bookmark: _Toc118445457]UE estimates when the serving cell stops covering its location from a single reference location provided at epochTime and a distance threshold.
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Figure 1. Illustration of satellite subpoint.

2.2	Measurement initiation in feeder link switch scenario
In Rel-17, RAN2 introduced two new rules for measurement initiation for cell reselection purposes (or measurement relaxation) for the Earth fixed cell scenario in NTN. In the time-based solution, UE shall start measuring neighbour cells before the serving cell stops serving the current area, i.e., before the timer with the value of t-Service, which is provided via SIB19, expires. In the location-based solution, the UE compares its current location, obtained from a GNSS measurement, and the reference location of the serving cell with a network-controlled threshold. The UE shall start neighbour cell measurements if the distance to the reference location exceeds this threshold. The support of both solutions is independent and optional in the network and UE support is signalled to the network through a UE capability indication.

[bookmark: _Toc118445399]Measurement initiation for cell reselection includes time-based and location-based solutions for the Earth fixed cell scenario.

As described in the previous section, the distance-based solution needs to be slightly modified to be applicable to Earth moving cell scenario. During RAN2#119bis-e, it was discussed whether a time-based solution would be meaningful for this scenario and the following was agreed:
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered).

Many companies highlighted that the time-based approach, as currently designed, is problematic with Earth moving cells. The service stop time is not unique for all UEs in the cell as the coverage of the satellite moves along Earth’s surface. Thus, UEs will experience different stop serving times as a function of their location within the cell. Although the total service time is equal for all UEs in the cell (it depends on the satellite characteristics), it is not possible to establish a single reference timestamp that commands when UE independent timers should start.

[image: ]
Figure 2. Feeder link switch scenario with service continuity [3].

A single time reference such as t-Service-r17 is useful when dealing with feeder link soft switches as depicted in Figure 2. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished. These transitions happen in a deterministic manner at specific points in time, so the network can inform UEs via System Information to perform measurements accordingly.

[bookmark: _Toc118445400]All UEs in an Earth moving cell experience a common service stop time in the feeder link switch scenario.

[bookmark: _Toc118445458]Introduce a service stop time parameter (similar to t-Service-r17) to initiate measurements before cell replacement due to feeder link switch case.

2.3	Cell reselection enhancements for TN-NTN mobility
As depicted in Figure 3, NTN coverage area is expected to be large in comparison to a TN cell and there may be several TN cells within an NTN cell. In Release 17, it was agreed to transmit neighbour cell information in System Information (SIB19) to assist mobility procedures. Considering NTN characteristics, new triggers were adopted to relax measurements of NTN neighbour cells. A common understanding is that the network assigns higher priority to measurements in TN frequencies over NTN. Thus, a UE camping in an NTN cell may be located in an area where there is no TN coverage. In turn, the UE may unnecessarily measure in TN frequencies that are not within reach and waste power.
[image: ]
[bookmark: _Ref118128994]Figure 3. Illustration of several TN cells within an NTN cell.

In RAN2#119bis-e, this topic was discussed, and the following related agreements were made:
· 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.

In the offline [2], Regarding the Assistance information for UE to identify an area where TN network is available, the following options can be further discussed:
· Option 1: The cell centre and cell radius of TN neighbour cells, or in other terms, the reference location and a distance threshold of TN neighbour cells.
· Option 2: The boundary line between TN area and NTN area.
· Option 3: For quasi-earth fixed cells, TN coverage is described by a distance range from the cell centre and an angle range based on a reference direction.
· Option 4: An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage
· Option 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.
· Option 6: Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.

Option 1, Option 3, and Option 4 propose to transmit an indication of TN’s reference location(s). During the offline, a few companies showed concerns for the security implications of broadcasting a gNB position. In addition, the TN coverage patterns might be difficult to describe with only a reference location and a radius. Option 2 suggests a single boundary line between TN and NTN areas with a list of geodetic coordinates. As depicted in Figure 3, TN coverage might have a complex distribution, e.g., there may be several and separate TN clusters within an NTN cell, so relying on a single boundary might be insufficient. Nonetheless, in Option 2 original contribution [4], the description and illustrations provided imply that the concept is somewhat aligned Option 6’s polygon shape. Option 5 proposes to divide the NTN cell in different “virtual” areas to group TN frequencies. Even though this approach solves the possible security issue of transmitting a reference location, it is not suitable for the Earth moving cell scenario. In this case, frequency groups would be constantly changing as the cell moves.

[bookmark: _Toc118445401]Terrestrial Networks coverage patterns might be difficult to describe with a reference location and a radius or with a boundary line between TN and NTN coverage area.
[bookmark: _Toc118445402]Dividing an NTN cell into several virtual areas would require to constantly update frequency groups for Earth moving cells.

Option 6 seems the most suitable alternative. Firstly, the polygon shape is already captured in TS 23.032 and allows for different levels of complexity with a minimum of 3 and a maximum of 15 number of points. Therefore, it can outline any TN’s coverage footprint in an accurate manner. Secondly, multiple polygons can be included to describe different TN cells distribution patterns. In addition, providing a bigger area should not raise security concerns. Lastly, polygon is described by geodetic points, thus it works equally for both fixed and moving cells. On the flip side, the computation of geodesic lines is not simple [5], and the more complex the polygon, the bigger number of geodetic points and bigger message size required.

[bookmark: _Toc118445459]TN coverage areas are described using the polygon shape specified in TS 23.032.



3	Conclusions
In the previous sections we made the following observations: 
Observation 1	UE can calculate the current cell centre location from a reference location, satellite ephemeris and a time reference.
Observation 2	Measurement initiation for cell reselection includes time-based and location-based solutions for the Earth fixed cell scenario.
Observation 3	All UEs in an Earth moving cell experience a common service stop time in the feeder link switch scenario.
Observation 4	Terrestrial Networks coverage patterns might be difficult to describe with a reference location and a radius or with a boundary line between TN and NTN coverage area.
Observation 5	Dividing an NTN cell into several virtual areas would require to constantly update frequency groups for Earth moving cells.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a new field for Earth moving cell reference location in SIB19.
Proposal 2	distanceThresh-r17 in SIB19 is used for both Earth fixed and Earth moving cells.
Proposal 3	Cell type is not indicated explicitly since it is already known from existing field descriptions in SIB19.
Proposal 4	Epoch time (epochTime-r17) applies to both satellite ephemeris and Earth moving cell reference location.
Proposal 5	UE estimates when the serving cell stops covering its location from a single reference location provided at epochTime and a distance threshold.
Proposal 6	Introduce a service stop time parameter (similar to t-Service-r17) to initiate measurements before cell replacement due to feeder link switch case.
Proposal 7	TN coverage areas are described using the polygon shape specified in TS 23.032.
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