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1 Motivation for Enhanced Area Management
NTN cells are typically much larger than TN cells. For example, an NTN cell may have a diameter of hundreds of kilometers, while a TN cell may have a diameter on the order of few kilometers in case of macro cells, hundreds of meters for micro cells and tens of meters for small cells.  

RAN2 has received the Reply LS from SA3-LI [1], which states the following. 

An LS Reply from SA2 states the need for the NG-RAN to identify the UE location with the accuracy such that an appropriate core network consistent with the UE location can be selected [3].
Hence, if a UE happens to be in Country X, the core network that is used for such UE needs to be associated with Country X. 
This document focuses on the following location-related requirements.

· Requirement 1. Since an NTN cell can be much larger than a TN cell, a mechanism is needed in the NG-RAN to identify the UE in a geographic area that is comparable in size to a TN cell and that is much smaller than a typical NTN cell.
· Requirement 2. An NTN cell may cover multiple countries and there is a need to identify the UE crossing a country border so that the UE is connected to the core network of the correct country. Such country-crossing may occur for a UE in RRC_CONNECTED, RRC_IDLE, or RRC_INACTIVE state.
The concepts of Earth-fixed cells (e.g., so-called virtual cells [2]) and Earth-fixed regions (especially, “special regions” that include country borders and/or PLMN transitions) can be quite helpful in meeting the requirements mentioned above.

2 Discussion
We would like to offer some observations and related proposals related to the TAC management and neighbor search. 
2.1 UE Crossing of Country Borders and PLMN Transition Areas
In a TN, coverage areas of cells can be controlled effectively through suitable RF planning and design strategies. For example, parameters such as antenna down-tilting, antenna heights, and antenna azimuths can be selected to ensure that a given TN cell illuminates a specific geographic area. The coverage area of a TN cell can be controlled such that it covers only one country.
While an NTN cell’s beam can be controlled to a certain extent, it is infeasible to ensure that an NTN cell would cover a single country. While there is relatively more flexibility to control beam coverage around country borders in case of Earth-fixed beams and quasi Earth-fixed beams, the situation is much more challenging in case of Earth-moving beams. Hence, in practice, a UE may cross from one country to another even while getting served by the same NTN cell. The UE may also have authorization or subscription to obtain services in multiple countries. 
Observation 1. If the gNB becomes aware of the UE crossing a country border, it can re-select a different core network and/or inform the core network about such crossing so that the selected or used core network is associated with the country where the UE is physically located. Furthermore, the core network can implement any country-specific regulations if the core network is aware of the country. 
Proposal 1. If an RRC_CONNECTED UE, while being served by a given NTN cell, crosses from one country to another, the gNB should be aware of such country crossing of the UE.
The core network (e.g., the AMF) registers the UE in a set of TAIs as part of new registration or registration update. However, while in the same NTN cell, the UE may enter a geographic area that is served by a different set of MNCs compared to the area where the UE’s registration occurred. Such UE mobility may not require the UE would to carry out a registration update, making the AMF unaware of the change in TACs experienced by the UE such as addition of MNC(s) or removal of MNC(s) in a geographic area. The AMF may then want to update the Registration Area (i.e., the TAI List) for the UE. For example, there may be different roaming agreements, priorities, charging preferences, or services for different MNCs for a given UE. The core network needs to know about the UE entering such area to update the TAI List for the UE.

Observation 2. While in the same NTN cell, the UE may enter a geographic area that is served by a different set of MNCs compared to the area where the UE’s registration occurred. The core network needs to know about the UE entering going from one PLMN set area to another PLMN set area so that it can potentially update the TAI List for the UE.
Proposal 2. If an RRC_CONNECTED UE, while being served by a given NTN cell, crosses from a geographic area associated with one set of PLMNs to a geographic area associated with another set of PLMNs (where both PLMN sets belong to the same country), the gNB should be aware of such PLMN set crossing of the UE.
A UE may cross a country border and/or a PLMN set transition area in any of the RRC state such as RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. Hence, the network should be aware of such UE mobility so that suitable core network selection and country-specific or region-specific policies can be executed.

Observation 3. A UE in the RRC_CONNECTED state should report its crossing of the country border and PLMN set transition area to the gNB.
Proposal 3. Define a new mobility event or trigger for an NTN mobility event so that the RRC_CONNECTED UE reports crossing of the country border and PLMN set transition area to the gNB. In one possible mechanism, the UE-reported position is used by the gNB to locate the UE in a specific geographic area.
A UE may cross a country border and/or a PLMN set transition area in any of the RRC state such as RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. There could be UE power consumption issue when the UE needs to determine its position and use it to facilitate detection of the border crossing or the PLM set transition area crossing. Hence, the network should be aware of such UE mobility so that suitable core network selection and country-specific or region-specific policies can be executed.

Observation 4. A UE in the RRC_IDLE or RRC_INCTIVE may cross of a country border and PLMN set transition area.
Proposal 4. RAN2 to discuss mechanisms to detect the country border and PLMN set transition area crossing scenarios for the UEs in RRC_IDLE and RRC_INACTIVE states so that the UE power consumption problem can be solved.
2.2 Earth-Fixed Virtual Cells
To meet the requirement of a TN cell-like size granularity, hypothetical Earth-fixed cells can be used. However, an NTN cell can be quite large and would then contain hundreds or possibly a couple of thousands of virtual cells. Let’s consider some example cell sizes for an NTN cell and a TN cell.
· Elliptical NTN Cell: Example 1. Major axis= a= 500 km for the “diameter”=1000 km. Minor axis=b=250 km. NTN cell area 1=π*a*b= 393,000 sq km
· Elliptical NTN Cell: Example 2. Major axis= a= 250 km for the “diameter”=500 km. Minor axis=b=125 km. NTN cell area 2=98,000 sq km.
· Circular TN Cell: Example 1. Radius= r= 10 km. TN cell area 1= π*r*r= 314 sq km. 
· Circular TN Cell: Example 2. Radius= r= 5 km. TN cell area 2= π*r*r= 78 sq km

Table 1 summarizes the number of TN cells (=hypothetical virtual cells) for two NTN cell sizes.
Table 1. Examples of the Number of TN Cells per NTN Cell

	Case
	Number of TN Cells per NTN Cell

	(NTN Cell 1, TN Cell 1)
	393k/314=1,250

	(NTN Cell 1, TN Cell 2)
	393k/78=5,000

	(NTN Cell 2, TN Cell 1)
	98k/314=312

	(NTN Cell 2, TN Cell 2)
	98k/78=1,250


If a UE has to determine the identity of an Earth-fixed virtual cell (equivalent to a TN cell), the UE would need to do a significant amount of processing to estimate the different between itself and virtual cells in the geographic area where the UE is located. This would reduce the UE battery life. 
A gNB has much more processing power than the UE. Hence, the gNB is in a better position to determine the ID of the Earth-fixed virtual cell where the UE is located. The UE can report its position (and possibly other quantities such as time and velocity) to the gNB, and, the gNB can determine the ID of the virtual cell. The gNB can then convey such ID to the AMF via NGAP signaling.

Observation 5. An NTN cell may have hundreds of virtual cells. If a UE needs to determine the ID of a virtual cell, it would consume a significant amount of processing power.
Proposal 5. The gNB determines the ID of the Earth-fixed cell (e.g., a “virtual cell”) based on the position and possibly other quantities (e.g., such as time, speed and/or direction of travel if available) reported by the UE.
Small Earth-fixed virtual cells near the country border area would provide a better area resolution to determine the ID of the virtual cell in a timely manner. Regular-size (i.e., relatively larger) virtual cells deep inside a country would reduce the processing by the gNB and the UE. 

Observation 6. Sizes of virtual cells have implications on the accuracy and timeliness of the cell ID reporting and the processing requirements on the UE and the gNB.

Proposal 6. Support different sizes of Earth-fixed cells (e.g., smaller near the country borders and larger deep inside a country) for efficient determination of the virtual cell ID.
The concept of virtual cells was discussed in [2], where a layout of Earth-fixed virtual cells was described. Figure 1 illustrates an example layout of virtual cells for rectangular and hexagonal cells.
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Figure 1. Example Virtual Cell Layout
(Acknowledgment. This diagram is copyrighted by 3GPP and has been adapted from [2]).

Note that a virtual cell is a hypothetical Earth-fixed cell with pre-defined boundaries. An NTN cell or beam may illuminate one or multiple full or partial virtual cells at a given instant. The layout needs to specify characteristics of virtual cells so that the UE position can be unambiguously associated with a specific virtual cell. 

Our preference is to use hexagonal cells to represent virtual cells. The distance between the UE and a cell center is a good metric to associate a UE location to a specific virtual cell, which results in a circular cell. A hexagon is the closest shape to a circle and can fully cover the geographic area without any overlap or any “gaps.” Furthermore, the ideal cellular shape in a TN is a hexagon and can facilitate traditional cell planning using existing tools and methodologies.
Example characteristics of a hexagonal cell include center if the cell, cell radius, and cell orientation. The cell orientation specifies the orientation of the hexagon with respect to “Due North.” In one cell orientation example, a ray going from the center of the hexagonal cell to the “Due North” direction passes through a point on the hexagon. In another orientation example, a ray going from the center of the hexagonal cell to the “Due North” direction passes through the middle of a line segment that represents a side of the hexagon.
Observation 7. Hexagonal virtual cells simplify the determination of the virtual cell identity and planning of the overall layout of virtual cells.
Proposal 7. Use hexagonal virtual cells and define a virtual cell using characteristics such as cell center, cell radius, and cell orientation (e.g., due North being a point or a line segment on the hexagon).
2.3 Earth-Fixed Hierarchical Regions

Depending upon the size of the NTN cell and the size of virtual cells, there could be hundreds of virtual cells in an NTN cell as shown in Section 2.2. If the UE position is compared with centers of hundreds of virtual cells to determine the identity of the associated virtual cell, it would require a significant amount of processing. A large number of UEs in an NTN cell would require the gNB to carry out a significant amount of processing. Hence, to reduce the overall processing requirements, a set of virtual cells can be grouped together to create a large “region.” Such regions can be hierarchical (e.g., country, state, and town/district) to further simplify the processing needed to determine the virtual cell ID for a given UE.  
Observation 8. Define a hierarchical region layout to enable the gNB and/or the UE to efficiently (i) determine IDs of the virtual cells and regions and (ii) detect country border and PLMN set crossing.

Proposal 8. Define a hierarchical region layout to enable the gNB and/or the UE to efficiently (i) determine IDs of the virtual cells and regions and (ii) detect country border and PLMN set crossing. In one possible mechanism, the UE-reported position can be used by the gNB to locate the UE in a specific virtual cell. In another mechanism, the UE itself can report the ID of the virtual cell.
Different regions can have different emphasis from the perspective of area granularity and position uncertainty. For example, the UE may be asked to determine and report its position much less frequently in some regions such as deep inside a country and away from any PLMN set transition areas.  In contrast, certain areas such as country borders and PLMN set transition areas can be designated as special regions to enable higher-resolution and more accurate/certain UE position and hence accurate identification of the virtual cell and detection of country border crossing and PLMN set transition areas.
Observation 9. It is possible to configure the UE with different periodicity of UE positon determination and reporting to save the UE processing power while identifying the virtual cell in a timely manner. 
Proposal 9. FFS The exact information about special regions such as country borders and PLMN set transition areas to be broadcast by the gNB to enable the UE to report its position in a timely manner while maximizing the UE power savings.
Our preference is for the gNB to carry out identification of the virtual cell where the UE is located to reduce the burden on the UE. However, if there is a need for the UE to determine the ID of the virtual cell, the gNB should provide information about regions so that the UE has a limited number of candidate virtual cells to process. Furthermore, the UE needs to have access to some information such as locations of regions (and locations of virtual cells if applicable) so that the UE can report the region ID (and the virtual cell ID if applicable). A variety of mechanisms including provisioning can be exploited to provide such information to the UE.
Observation 10. If the UE is required to determine and report the virtual cell ID, the gNB broadcasts in System Information the assistance information such as information about hierarchical regions maximize power savings at the UE.
Proposal 10. If the UE is required to determine and report the virtual cell ID, the gNB broadcasts in System Information the assistance information such as information about hierarchical regions maximize power savings at the UE.
Observation 11. If the UE is provided information related to regions (and virtual cells, if applicable) in support of area management, the processing requirements on the UE can be reduced significantly. 
Proposal 11. Provide the specifics of regions (and virtual cells if applicable) to the UE using mechanisms such as UE provisioning, NTN signaling, or non-NTN signaling (e.g., WiFi signaling or cellular network signaling).
3 Conclusion

We have summarized our proposals below. 
Proposal 1. If an RRC_CONNECTED UE, while being served by a given NTN cell, crosses from one country to another, the gNB should be aware of such country crossing of the UE.
Proposal 2. If an RRC_CONNECTED UE, while being served by a given NTN cell, crosses from a geographic area associated with one set of PLMNs to a geographic area associated with another set of PLMNs (where both PLMN sets belong to the same country), the gNB should be aware of such PLMN set crossing of the UE.
Proposal 3. Define a new mobility event or trigger for an NTN mobility event so that the RRC_CONNECTED UE reports crossing of the country border and PLMN set transition area to the gNB. In one possible mechanism, the UE-reported position is used by the gNB to locate the UE in a specific geographic area.
Proposal 4. RAN2 to discuss mechanisms to detect the country border and PLMN set transition area crossing scenarios for the UEs in RRC_IDLE and RRC_INACTIVE states so that the UE power consumption problem can be solved.
Proposal 5. The gNB determines the ID of the Earth-fixed cell (e.g., a “virtual cell”) based on the position and possibly other quantities (e.g., such as time, speed and/or direction of travel if available) reported by the UE.
Proposal 6. Support different sizes of Earth-fixed cells (e.g., smaller near the country borders and larger deep inside a country) for efficient determination of the virtual cell ID.
Proposal 7. Use hexagonal virtual cells and define a virtual cell using characteristics such as cell center, cell radius, and cell orientation (e.g., due North being a point or a line segment on the hexagon).
Proposal 8. Define a hierarchical region layout to enable the gNB and/or the UE to efficiently (i) determine IDs of the virtual cells and regions and (ii) detect country border and PLMN set crossing. In one possible mechanism, the UE-reported position can be used by the gNB to locate the UE in a specific virtual cell. In another mechanism, the UE itself can report the ID of the virtual cell.
Proposal 9. FFS The exact information about special regions such as country borders and PLMN set transition areas to be broadcast by the gNB to enable the UE to report its position in a timely manner while maximizing the UE power savings.
Proposal 10. If the UE is required to determine and report the virtual cell ID, the gNB broadcasts in System Information the assistance information such as information about hierarchical regions maximize power savings at the UE.
Proposal 11. Provide the specifics of regions (and virtual cells if applicable) to the UE using mechanisms such as UE provisioning, NTN signaling, or non-NTN signaling (e.g., Wi-Fi signaling or cellular network signaling).

4 References
[1] SA3-LI, R2-2102679, “Reply LS on UE location aspects in NTN,” S3i210282 (contact: Tencastle).

[2] 3GPP, TR23.737, “Study on architecture aspects for using satellite access in 5G,” Version 17.2.0, March 2021.
[3] SA2, S2-2103550, “Reply to LS on UE location aspects in NTN.”
Question 1: RAN2 would like to ask RAN3, SA3-LI and SA2 to confirm whether the current functionality identified [in s3i210204] is sufficient for use in Non-Terrestrial Networks including initial registration procedure.


SA3LI believes that the functionality described is sufficient if it provides comparable levels of assurance and granularity to terrestrial network cell sizes (as per our previous LS S3i200056). If the levels of assurance and granularity are not comparable, then it is unlikely to be sufficient. SA3LI would welcome further clarity from the RAN groups and SA2 on which is likely to be the case.





SA2 confirms the requirement on NG-RAN to perform appropriate Core Network selection in some scenarios and to determine Cell ID for all NGAP messages containing User Location Information (ULI). 








