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Abstract
The objective of this document is to describe methods for paging in a geographical area when satellite beams move in NGSO satellite systems.

Proposed text for approval

Background on Terrestrial 5G Paging
In terrestrial wireless systems, including 5G System (5GS), a user terminal (UT) camps on a cell. The cell is uniquely identified by the RAN from which the UT is receiving the radio signals from. A collection of cells is called a Tracking Area. A collection of Tracking Areas is called as a Registration Area. Therefore a cell belongs to a tracking area and a Registration Area. 
When a UT first registers with the network, it transmits a Registration Request message to RAN [1]. RAN forwards the Registration Request to AMF along with information regarding the tracking area and cell identifier information to AMF. AMF responds to UT with a list of tracking areas (also referred to as Registration Area) that the UT is allowed to move without needing the UT to inform the network when UT is in CM-Idle state (this helps reduce the signaling load when UT moves from cell to cell within the Registration Area in CM-IDLE state – see [2] for definition of CM-IDLE state). Therefore, in CM-IDLE state the AMF will only be aware of the UT location to the granularity of Registration Area. Therefore, if a packet arrives from internet for this UT in CM-IDLE state, the AMF attempts to page the UT on all cells belonging to the Registration Area in order to notify the arrival of packets to it. This entails AMF sending a Page to all RANs that have jurisdiction of the cells belonging to the Registration Area. All RANs that receive the page transmits a page in the corresponding cells to reach UT that may be anywhere in the Registration Area. Figure 1 provides a simplified call flow illustrating Paging in CM-IDLE state.
In CM-IDLE state, when a UT moves out of the Registration Area, UT is required to notify the AMF via a Registration procedure. In 5GS, a UT 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 UT executes a Registration procedure providing the current tracking area details to AMF. The AMF then sends a new Tracking Area list (Registration Area) to UT. This allows the AMF to page in the most recently known Registration Area. This is also illustrated in Figure 1.
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Figure 1. Simplified call flow illustrating Paging and Registration procedures in 5GS

Paging in NGSO Satellite based 5G systems
LEO/MEO satellite based 5G systems will start to get deployed as terrestrial 5G standards mature. The air interface protocols at NAS layer is expected to be identical to that of the terrestrial 5GS so that COTS core network can be used and the user terminals can take full advantage of a terrestrially tested NAS protocol stack between itself and Core Network and reuse the authentication, authorization, mobility management, billing and provisioning framework of terrestrial 5G network. The lower layers of the protocol stack, namely, PHY and MAC layers that are implemented in Access Stratum in Satellite RAN (SRAN) are expected to be optimized for satellite environment. Figure 2 is an illustration of satellite system using 5G Core (5GC) elements. In Figure 2, Access and Mobility Management Function (AMF) and User Plane Function (UPF) and their interfaces with SRAN are same as that used in terrestrial 5G networks [2].

 
Figure 2. LEO/MEO satellite system using standard N2 and N3 interfaces between SRAN and 5GC

In LEO/MEO satellite system, a UT 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 UT 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. 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 3. It should be noted that 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.
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Figure 3. Lack of one-to-one or static relationship between satellite beams and tracking areas on ground

Therefore, for the initial Registration, the Satellite RAN (SRAN) will not be able to provide the Tracking Area information to AMF based on which beam and which satellite the Registration Request was received. It is therefore proposed that UT provide its geo-location[footnoteRef:1] to SRAN in order to determine the Tracking Area information. SRAN then determines the Tracking Area information and provides it to AMF similar to that provided by RAN in 5GS. Similar to 5GS, AMF responds to UT with a list of tracking areas (also referred to as Registration Area) that the UT is allowed to move without needing the UT to inform the network when UT is in CM-Idle state. Given that tracking areas are defined on the ground and LEO/MEO beams are moving, there is no one-to-one correspondence between moving beams and fixed tracking areas or registration areas on the ground. However this information is needed by UT to determine if it needs to perform a registration area update with AMF in 5GC.  [1:  This location reporting can be explicit based on GPS, GLONASS etc., or it can be implicit in systems that deploy location determination based on triangulation of signals from multiple satellites. ] 

One way to inform UT about its TAC is to broadcast (and frequently update) the TACs and their vertices that the beam is touching and UT compares its own location with broadcasted vertices to determine its TAC. Another way is for SRAN to supply TAC information to UT. Regardless, as described below, a TAC may be covered by multiple beams and multiple satellites and page with TAC granularity might prove expensive in a satellite system. To solve this problem, the UT in LEO/MEO satellite systems updates SRAN about its current geo-location after it has moved a threshold (TH kms) location. SRAN provides a response to UT that will allow UT to determine if it needs to perform a registration area update using Registration procedures defined in [1]. It is noted that this threshold information can be based on UT mobility type and also based on how far the UT is to the border of the Registration Area. To this end, the UT can provide information about Registration Area (that it had received from AMF as part of initial registration procedure) to SRAN. 
When there is an incoming packet to a UT in CM-IDLE state, the AMF (very similar to terrestrial 5GS) 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. This is illustrated in Figure 4 where a Registration Area is a single Tracking Area. As illustrated in Figure 4, this may be lead to a considerable wastage of satellite resources, especially since the SRAN is aware of the last reported position and the UT could not have moved more [TH] km. 
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Figure 4. Satellite beams in which Paging will occur when UT is known to a Tracking Area granularity

Therefore it is proposed that whenever SRAN receives location information from UT, it caches its position in a location database. This location is maintained in the database even when the UT 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. This provides huge saving of satellite resources. This is illustrated in Figure 5. The corresponding simplified call flow is illustrated in Figure 6. Items in red font in Figure 6 are the key changes to terrestrial protocol. It is important to note however that the changes are all in the Access Stratum between UT and SRAN. No modifications are required to 5GC elements. If there is no page response, SRAN dilates the paging area to include the TH 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 UT. In order for SRAN to look up the database, it needs knowledge of S-TMSI. This information is provided to SRAN by UT along with location reporting. 
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Figure 5. Satellite beam in which Paging will occur based on last reported position
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Figure 6. Simplified Call Flow for Paging and Registration in LEO/MEO Satellite System in CM-IDLE State
In 5G, 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 UT 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 7.
SRAN further optimizes paging performance based on user terminal mobility attributes. 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 TH 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 7. Simplified Call Flow for Paging in LEO/MEO Satellite System in CM-CONNECTED RRC-INACTIVE State

In conclusion we propose that :
· Tracking areas be defined as fixed geographical areas on the ground (similar to terrestrial systems) even though LEO/MEO satellite beams move over it since these tracking areas are also used for a number of location based decisions such as authorization, billing, legal interception etc. in addition to paging.
· UT location is made known (explicitly or implicitly) to Satellite RAN (SRAN) via RRC procedures
· SRAN determine the tracking area/registration area that the UT is in.
· SRAN provide this tracking area information to 5GC when UT is in CM-IDLE state
· UT update SRAN with its S-TMSI information (extracted from 5G-GUTI [2] information) when it becomes available to UT
· SRAN store the last reported or determined position against its S-TMSI
· SRAN look up the position database when it needs to Page the UT in CM-IDLE or CM-CONNECTED (RRC INACTIVE) states
· SRAN determine the beams and satellite that covers last reported or determined UT position
· SRAN dilate paging when no response is received for previous paging
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