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Abstract
The objective of this document is to describe issues associated with paging in a geographical area when satellite beams move in Non-Geosynchronous Satellite Orbit (NGSO) satellite systems and outline some potential solutions.

Background and Key Issues for Non-GEO Satellite Systems
In terrestrial systems, there is a static relationship between cells served by base stations and tracking areas as both of them are fixed geographical areas defined on the ground. Essentially tracking are is a collection of cells. A UE is paged by a list of tracking areas. If a UE has not moved out of the Tracking Area list (or Registration Area) there is no need for UE to inform the Core Network, thereby reducing signaling load in the system. 
However, in a Non-GEO satellite system, the cells (or satellite beams) move with the satellite over the UE even when UE has not moved. Defining tracking area to be a collection of satellite beams will imply that tracking areas are no longer fixed geographical regions on the earth. This poses several issues: 
1. Cell Identifiers and Tracking Area Identifiers are typically interpreted by Core Network elements as fixed geographical areas on the ground so that decisions such as authorization, billing and legal intercepts could be made – this function will not be possible with moving cells and tracking areas.
2.  Even though UE is not moving, the UE constantly will need to update the core network elements about the new tracking areas it is under as satellite beams move on top of it. This is to allow core network to page the UE based on the tracking area that the UE is currently in. This causes significant signaling load in the system and burdens the CN elements.
Therefore, it is proposed below to keep the definitions of tracking areas as fixed geographical regions on the ground (very similar to terrestrial system) and deal with cells (satellite beams) that move on top of these fixed geographical areas entirely in Satellite RAN without impacting the CN elements. This way, the issues identified in items 1 and 2 above are solved. Figure 1 is an illustration of a Non-GEO satellite access (transparent payload), either Low Earth Orbit (LEO) or Medium Earth Orbit (MEO), supported by a 5G Core (5GC) elements. In Figure 1, Access and Mobility Management Function (AMF) and User Plane Function (UPF) and their interfaces with Satellite enabled RAN (SRAN) are same as that used in terrestrial 5G networks [1].

 
Figure 1. Non GEO satellite access supporting N2 and N3 interfaces with 5GC

In a NGSO satellite system, a UE camps on a beam of a satellite, but as beams move, it ends up camping on different beams and different satellites over time even though UE may not have moved. Unlike terrestrial framework where a cell on the ground is tied to radio communication with a RAN, in LEO/MEO satellite systems, the satellite beams are moving. Unlike terrestrial wireless system or a satellite systems in geosynchronous orbit (GEO), there is no correspondence between cells on the ground and satellite beams. The same cell on the ground is covered by different satellites and different beams over time. Furthermore, satellite beams can be large such that a single beam can encompass more than one cell or Tracking Area on the ground. This is illustrated in Figure 2. As mentioned above it is desirable to define tracking areas on the ground even for such LEO/MEO satellite systems since tracking areas are also used for other decisions such as authorization, legal interception routing, etc by 5G CN.
Possible Approach to Mitigate the Difficulties
Paging may operate successfully and efficiently in the NGSO satellite networks if the NR UEs are capable of geo-location and the ephemeris information of the NGSO satellites can be made available to the satellite RAN. (For fixed installations, UE locations can be reported once at time of installation.).
The ephemeris information of the NGSO satellites may be used to determine their footprints of each beam, and its velocity all the time. For a given UE location at any given time, the network has information as to which beam of which satellite covers that location best.  It also knows the duration that UE location would remain to be covered by the beam and which beam on the same satellite, or a different satellite will be the best candidate to switch over next, and at what time. 
With positioning information of all UEs available to the network, Satellite RAN determines the Tracking Area information and provides it to Access Mobility Management Function (AMF) similar to that provided by RAN in NR.  AMF responds to UE with a list of tracking areas, or a Registration Area that the UE is allowed to move without a need to inform the network when UE is in CM-Idle state. Given that tracking areas are defined on the ground and NGSO beams are moving, there is no one-to-one correspondence between moving beams and fixed tracking areas or registration areas on the ground. 
In CM-IDLE state, when a UE moves out of the Registration Area, UE is required to notify the AMF via a Registration procedure. In NR, a UE discovers that it has moved out of the current Registration Area by listening to the System Information Broadcast (SIB) in the current radio cell. SIB transmitted by RAN contains Tracking Area information. If the Tracking area information received on SIB does not belong to the Tracking Area list provided by AMF, then UE executes a Registration procedure providing the current tracking area details to AMF. The AMF then sends a new Tracking Area list (or Registration Area) to UE. This allows the AMF to page in the most recently known Registration Area. 
For NGSO, without the one-to-one correspondence between a Tracking Area and a beam, one way to inform UE about its Tracking Area Code (TAC) is to broadcast the TACs and their vertices that the beam is touching and UE compares its own location with broadcasted vertices to determine its TAC. Another way is for Satellite RAN to supply TAC information to UE.  Both approaches require overhead for such transmission.  To minimize the transmission overhead, as another alternative, the UE in LEO/MEO satellite systems may update Satellite RAN about its current geo-location after it has moved a certain threshold distance since its last update. Satellite RAN provides a response to UE that will allow UE to determine if it needs to perform a registration area update using existing Registration procedures. To this end, the UE can provide information about Registration Area (that it had received from AMF as part of initial registration procedure) to Satellite RAN.  With this approach, the AMF is aware of the UE location with a granularity of the threshold distance, say Tdist km (Tdist	is a parameter that is defined in RRC specifications that is used by the UT as a trigger for updating its position if it has moved by Tdist km from previously reported position), all the time, while most of the NR handoff and paging protocols can be maintained with some modification with knowledge of the UE location and satellite ephemeris information.
When there is an incoming packet to a UE in CM-IDLE state, the AMF will send a page to SRAN along with Registration Area information.  The SRAN is aware of all the beams and satellites that cover the Registration Area and can therefore transmit a page in all beams and satellites covering the Registration Area.  To minimize the number of beams that must send the page, it is possible for the SRAN to cache the UE position whenever it receives location information from UE. This location is maintained in the database even when the UE goes to CM-IDLE state. When Page arrives from AMF in CM-IDLE state, SRAN queries the location database, determines the beam that covers the last reported position of the UT and pages on only on that beam and not the entire Registration Area. 
The corresponding simplified call flow is illustrated in Figure 3. Items in red font in Figure 3 are the key changes to terrestrial protocol. It is important to note however that the proposed changes are all in the Access Stratum between UT and SRAN in the RRC specification (TS 38.311). No modifications are required to NR elements. If there is no page response, SRAN dilates the paging area to include the Tdist km of ambiguity in its location since last reporting. Paging from AMF identifies a UT by its S-TMSI. This allocation is only known to AMF and UE. In order for SRAN to look up the database, it needs knowledge of S-TMSI. This information is provided to SRAN by UE along with location reporting. 
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Figure 2. Non-GEO Satellite beams has no relationship with TAC, paging for a UE is based on its last known TAC.
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Figure 3. Simplified Call Flow for Paging and Registration in LEO/MEO Satellite System in CM-IDLE State (based on [1])
In NR, paging can also occur when UT is in CM-CONNECTED state, but RRC Inactive state [3]. In this case, the AMF does not page the UT, however SRAN initiates the Page. The location of a UE in RRC Inactive state is known by the SRAN on a SRAN Notification area granularity. A UE in RRC Inactive state is paged in cells of the SRAN Notification area that is assigned to the UEs. The UE location reporting procedure and SRAN paging techniques described for CM-IDLE state also applies to CM-CONNECTED state, RRC Inactive state. This is illustrated in Figure 4. 
Further optimization of paging performance based on user terminal mobility attributes is possible. As an example, for stationary terminals, SRAN only pages on the beams based on its last reported position. For user terminals with higher mobility, paging dilation is performed in beams that cover Tdist km of ambiguity. Furthermore, SRAN may page with different levels of penetration to different user terminal types and for different traffic types.
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Figure 4. Simplified Call Flow for Paging in LEO/MEO Satellite System in CM-CONNECTED RRC-INACTIVE State (based on [3])
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