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1. Background on Terrestrial 5G Paging

In terrestrial wireless systems, including 5G System (5GS), a User Terminal (UT) camps on a radio cell. The cell is uniquely identified by the Radio Access Network (RAN) from which the UT is receiving radio signals. A collection of cells is called a Tracking Area (TA). A collection of TAs is called a Registration Area (RA).
When a UT first registers with the network, it transmits a Registration Request message to the RAN. The RAN forwards the Registration Request to the Access and Mobility Management Function (AMF) along with the TA and cell identifiers. The AMF responds to the UT with a list of TAs (of which the RA is composed) between which the UT can move while in CM-Idle state without needing the UT to inform the network. This helps to reduce the signaling load on the system when the UT moves frequently between cells within the RA in CM-IDLE state. 
In CM-IDLE state, the AMF is only aware of the UT location to the granularity of an RA. Therefore, if a packet is to be delivered this UT in CM-IDLE state, the AMF attempts to page the UT on all cells belonging to the RA to notify the UT of the presence of the packet. This entails the AMF sending Page messages to all RANs that have jurisdiction of any cells belonging to the RA. All RANs that receive the Page then transmit a page in the corresponding cells to reach the UT that may be located anywhere in the RA. Figure 1 shows a simplified call flow illustrating Paging in CM-IDLE state.
When a UT in CM-IDLE state moves out of an RA, it is required to notify the AMF via a Registration procedure. In 5GS, a UT discovers that it has moved out of the current RA by listening to the System Information Blocks (SIBs) broadcast in the current radio cell. The SIB transmitted by the RAN contain the TA identifier of the current cell. If the TA identifier in the SIB is not in the TA list provided by AMF, then the UT executes a Registration procedure providing the current TA identifier to the AMF. The AMF then sends a new TA list (RA) to the UT. This then allows the AMF to page the UT in the most recently known RA. 
This is also illustrated in Figure 1.


Figure 1. Simplified Call Flow Illustrating Paging and Registration Procedures in 5GS

2. Paging in GEO Satellite based 5G systems

2.1 Architecture of a Satellite Based 5G System
GEO Satellite based 5G systems, will be deployed as part of the 5G system. The air interface protocols at the Non-Access Stratum (NAS) layer are expected to be identical to that of the terrestrial 5GS so that Commercial Off-the-Shelf (COTS) core network can be used and the UT can take full advantage of a terrestrially tested NAS protocol stack between itself and the Core Network and reuse the authentication, authorization, mobility management, billing and provisioning framework of terrestrial 5G networks. The lower layers of the protocol stack, namely, PHY and MAC layers that are part of the Access Stratum (AS) and implemented in the Satellite RAN (SRAN) are expected to be optimized for the satellite radio environment. Figure 2 is an illustration of a GEO satellite system using 5G Core (5GC) elements. This figure shows the simplest case where each satellite beam encompasses one Registration Area. In this figure, Beam 1 (B1) covers Registration Area 1 (RA1), B2 covers RA2, etc.


[bookmark: _Ref20894182]Figure 2. Satellite System Using Standard N2 and N3 Interfaces Between SRAN and 5GC
2.2 Paging and UT Location Determination
In order not to waste the resources, the paging in GEO system shall be designed such that the Paging signal should be sent only to the beam where the UT camps on. This can be achieved if the UT location is known to the beam level.  To achieve this, two options are discussed below:
1. Option 1. The vertices of the Tracking Areas are broadcast in the SIB. UT performs cell selection/reselection by first comparing its GPS position with the SIB broadcast information from SRAN.  For initial selection, UT sends a Registration request to SRAN. SRAN determines the tracking area based on the beam from which the Registration Request was received. The SRAN appends the UT Tracking Area to the Registration Request that is sent to the AMF. AMF will assign multiple Tracking Areas (called RA) to the UT in the Registration Accept. UT does not need to update its location if the UT is still inside the assigned RA. When the Paging comes from the AMF, SRAN sends the paging signal only to the correct beam to reach the UT. For subsequent Registration Requests to update mobility information, UT will only need to perform cell reselection if it has moved by a threshold distance. This threshold distance can be adaptively determined based on how close the UT was to the border of the advertised cell vertices.

2. Option 2: The UT reports it location to SRAN as part of RRC procedure in Access Stratum. The SRAN maps the UT location to the Tracking Area and sends it to the AMF during Registration Request procedures (for initial and subsequent procedures). This option caters to the scenario where a large GEO spot-beam may be covering different countries that may require different administrative policies such as legal interception, billing etc. (See Figure 5). AMF may assign multiple Tracking Areas (called RA) to the UT in the Registration Accept. UT does not need to update its location if the UT is still inside the assigned RA. The SRAN knows which beam covers a certain Tracking Area, so when the Paging comes from the AMF, the SRAN can send the paging signal to the correct beam, not to all the beams surrounding the UT location.
The modified paging call flow for GEO system with 5G network is shown in Figure 3. If UT location determination option 2 is employed, before sending Registration Request, UT sends Location Report consisting of its location. The SRAN then can assign TA for this UT in the Location Accept. If UT location determination option 1 is used, UT infers its TA from Tracking Areas vertices broadcasted in the SIB. When UT sends Registration Request, UT includes its TA. The SRAN then sends Registration Request to the AMF including UT TA. If AMF has assigned S-TMSI for the UT, the UT Registration Request will include S-TMSI (5G-S-TMSI) so that SRAN can map UT location with S-TMSI. 5G-S-TMSI, if it is available, is included in the RRC Complete Setup message.



[bookmark: _Ref20894335]Figure 3. Simplified Call Flow for Paging and Registration in a 5G Satellite System in CM-IDLE State
When there is downlink data for the UT in CM-IDLE state, the AMF sends the Paging signal to this UT with the S-TMSI. Based on the mapping of S-TMSI and UT location in the SRAN, the SRAN can send the paging signal to a beam that covers this UT. Hence there will be power saving in the system since the Paging signal is not sent all beams near the UT.
For a UT in RRC-inactive state, the paging is generated by the SRAN since from the AMF point of view, UT is in CM-Connected state. Here, when there is downlink data for the UT, the data will be sent directly to the UT via SRAN. SRAN knows that the UT is in RRC-inactive state, so SRAN will send the page to the beam based on the latest reported UT location. The simplified call flow for paging when UT is in RRC-inactive state is shown in Figure 4.




[bookmark: _Ref20897563]Figure 4. Simplified Call Flow for Paging in 5G Satellite System in CM-CONNECTED RRC-INACTIVE State

In some cases, a country will be assigned a specific RA which is different from another country. The assignment of separate RA for different country will be needed for legal interception, billing and other purposes. However, it is possible that a country might be covered by more than one beams. In this case, this country can be assigned multiple RAs, one RA for each beam. For example, as shown Figure 5, Country 1 has two RAs, RA1-1 and R1-2, that are on B1 and B2 respectively while Country 2 has three RAs, RA2-1, RA2-2 and RA2-3, which are on B1, B3 and B4 respectively. 



[bookmark: _Ref20845513]Figure 5 Satellite Beam covering more than one RAs
When a paging comes for a UT, based on the UT location determination Option 1 or option 2, Paging will be sent to a specific beam. For example, even though UT 1 and UT 2 are in the same country which is Country 2, however since UT 1 and UT 2 are on different RAs, paging for UT 1 will be sent to B1 while Paging for UT 2 will be sent to B4.
3. Conclusion

· Cell selection/reselection in idle mode should be based on knowledge of UT position and advertised beam vertices on SIB
· DRX mode behavior of user terminal can be used for paging reception and battery conservation
· [bookmark: _GoBack]SRAN pages only in one spot beam to conserve satellite resources
· A simple enabler for the above is to associate a spot beam with one Tracking Area list (Registration Area)
· In situation where a spot beam covers multiple administrative zones, a spot beam maybe associated with multiple Registration Areas
· In such situations, an RRC procedure to report UT position is described
· SRAN maps UT position to Tracking Area (unique tracking area for an administrative zone in a beam) and informs AMF during Registration procedures
· AMF provides SRAN with transport address appropriate for the tracking area so that user plane is routed to appropriate UPF
· In idle mode, AMF Pages UT at tracking area granularity
· SRAN has mapping between Tracking Area and beam that permits efficient paging
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