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1 Introduction
The SID in [1] lists the following objectives for RAN3:

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]

· Paging: procedure adaptations in case of moving satellite foot prints or cells

In this paper, we present issues associated with tracking areas used for paging in a geographical area when satellite beams move in Non-Geosynchronous Satellite Orbit (NGSO) satellite systems and outlines some potential solutions. Based on the discussions a text proposal for [3] shall be prepared.
2 Tracking Areas and Non-Stationary Base Stations
As the footprint of a satellite, considering a non-geostationary satellite system, is moving, the tracking areas associated with the satellite beams are non-stationary. Thus, even UEs that are not moving will eventually leave the tracking region defined by a TAL. This will dramatically increase the number of TAL updates depending on the mobility of the satellites, which leads to a high signalling overhead.
This is in particular true, when deployment scenarios comprising LEO satellites with moving beams instead of earth fixed beams ([2]) like the reference scenarios C and D as defined in [3] are considered.
Observation 1: In the presence of high mobility (UE/satellites), high signalling overhead will occur due to frequent tracking area list updates.
As discussed in [4], GNSS positioning data obtained by the UE may be used to support the location management; however there will be a high number of devices of lower complexity without this capability. Hence we should further investigate a solution that supports devices with lower complexity as well.

Observation 2: Although the availability of GNSS data may simplify the location management, not all devices support this feature.

In case of LEO satellites the location of each satellite is deterministic and can be predicted with high accuracy. In consequence, the precise location of each satellite is known for each point in time. According to this information the relevant/valid IDs could be added to the TAL for the UEs in the network.

Observation 3: The design of TAL relies on the prediction of mobility. The deterministic trajectory of satellites can be predicted with a high accuracy.

Instead of interpreting the satellite’s footprint as a geographically defined tracking area, we assign to each satellite beam a fix ID (A satellite may form several beams). The core network (CN) and the radio access network (RAN) know the exact position of the satellite and its system parameters, such as ephemeris data and antenna configurations. The network operator defines geographically tracking areas as in the case for terrestrial networks. Based on the satellite system parameters, the CN/RAN is able to identify at each time instance for each tracking area (TA) the satellite beams, which are serving the TA, respectively. The time instances, where the spot beams are visible within a certain TA are referred to as visibility windows in the following. The duration of a visibility window for moving beams can be quite short, where for earth fixed beams the duration can be up to 10 minutes.
Proposal 1: To minimize signalling overhead for paging and UE power consumption, enhancements for the tracking area management used for paging is required for reference scenarios C and D.

In the following, two approaches are proposed to mitigate the difficulties associated with moving base stations and no GNSS receiver. These approaches are mostly applicable to scenarios with moving beams, but for earth-fixed beams of satellites as well. The approaches are suitable for deployment of CN triggered paging for UEs in RRC_idle mode and RAN triggered paging for UEs in RRC_connected but inactive mode.
Option 1: Paging with low-complexity devices

We define low complexity devices as UEs, which do not have a GNSS receiver and nor having the capability to calculate the trajectory of a satellite. The approach in this scenario is similar to the procedure of conventional paging and TA management with terrestrial BSs: After first connection to the network the CN designs a TAL for the UE, containing IDs. Conventionally for terrestrial networks, the entry corresponds to tracking area codes (TACs). For non-terrestrial BSs there are two scenarios to be distinguished for the choice of the satellite related TAL entry:
1. Moving beams

For moving beams the entries of the TAL correspond to the satellite beam IDs. In general, this list will be longer, as this list involves entries, which are relevant for a certain period only. To reduce unnecessary overhead for paging, additionally to the IDs, the respective visibility windows of the beam needs to be communicated to the UE within the TAL or generated by the UE. With this information the UE considers only the entries for processing, which are relevant at the specific time instance.
2. Earth-fixed beams

For earth fixed beams, most likely multiple beams of one satellite will have the same visibility window, i.e. the same time instance and period, in which they serve the same tracking area. After this period the whole subset switches to the next tracking area. For this case, so-called tracking beam codes (TBC) may be introduced for these subsets and signalled as an ID entry in the TAL, similar in the spirit of TACs. This reduces the number of entries in the TAL. Thus, for earth-fixed beams, the TAL contains the TBCs and the respective visibility window.
Proposal 2: For UEs without GNSS capability, TAL with visibility windows could reduce the unnecessary overhead for paging. 
Option 2: Paging with enhanced UE capabilities

UEs with enhanced capabilities are able to perform the mapping of satellites to TA autonomously, if a tracking area function (TAF) is implemented and a data set with input parameters for the TAF is transmitted to the UE by the CN. Advantage is the reduced overhead for signalling, because not the complete TAL has to be sent to the UE.
To mitigate the signalling overhead, we propose to introduce temporary TALs (tTALs) that are only valid for a specified amount of time (see Figure 2‑1). These tTALs may either be transmitted to the UE directly or be generated by a function (tracking area function TAF) within the UE.
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Figure 2‑1: Temporary TAL send by the network to UE, or generated in the UE 

The TAF could be a simple lookup table that contains TACs with their respective time window of validity or a function using the ephemeris data of the serving satellite constellation to predict all TACs that are visible to the UE at a certain location and time instance. For the second option, the CN would need to provide the UE with the needed ephemeris data and the estimated UE location.
Proposal 3: Satellite enabled UEs with enhanced capabilities may generate the TAL entries with visibility windows by using parameters of the satellite RAN received by the CN.

3 Summary

The above section discusses the challenges of paging in the reference scenarios C and D and proposes enhancements for handling of tracking area lists in satellite RAN.

The following observations and proposals are described in this document on paging and list based location management:
Observation 1: In the presence of high mobility (UE/satellites), high signalling overhead will occur due to frequent tracking area list updates.

Observation 2: Although the availability of GNSS data may simplify the location management, not all devices support this feature.

Observation 3: The design of TAL relies on the prediction of mobility. The deterministic trajectory of satellites can be predicted with a high accuracy.

Proposal 1: To minimize signalling overhead for paging and UE power consumption, enhancements for the tracking area management used for paging is required for reference scenarios C and D.

Proposal 2: For UEs without GNSS capability, TAL with visibility windows could reduce the unnecessary overhead for paging. 

Proposal 3: Satellite enabled UEs with enhanced capabilities may generate the TAL entries with visibility windows by using parameters of the satellite RAN received by the CN.
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