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1. Introduction

How to handle idle mode UEs in NTN is one of the issue highlighted in previous meetings regarding how to integrate NTN to 5GS, especially with non-geostationary satellites (NGSO) with moving beams. Some solutions have been provided when UE has autonomous location capability [2], some others when the UE has not this capability [3] [4] [5], this scenario being more challenging. The solutions already provided tends to mimic terrestrial schemes (idle UEs determines their mobility from TA codes broadcast by the access nodes) to satellites although a satellite RAN have different characteristics, especially when considering satellites with moving beams.
This contribution proposes an approach that does not rely on TA only and leverage from satellite RAN capabilities.
2. Discussion
2.1. Some observations
On main point with idle mode mobility management is the trade-off between the signalling cost due to location update initiated by UEs to keep the network aware of their location and the signalling cost of the paging that is necessary to reach the UEs. In general, paging is less costly than registration updates from signalling point of view. Moreover, limiting UE transmissions periods helps to save battery, which is also an important point, especially for UEs communicating with a satellite. Hence, it is better to focus on reducing RA updates periodicity that on reducing paging area size.
A second observation is that the earth footprint of a satellite beam depends on the satellite altitude and the beam angle, but remains quite large compared to usual UE mobility relatively to earth. Indeed, compared with a typical terrestrial cellular deployment, UEs are relatively static from satellite point of view.
Thirdly, a satellite RAN is more complex than a deployment of terrestrial fixed access nodes. It means that the satellite RAN has to include a satellite management, comprising for example the satellite ephemeris, SRI links management…It seems better to keep these aspects in satellite RAN scope, to keep the 5GC access-network agnostic as much as possible.

2.2. Proposed solution
From the observation that UEs are relatively static from satellite point of view, it is assumed that a periodic RA update is sufficient to track a UE in idle mode. The RA update periodicity could be tuned according to UE velocity. 
The TA is a fixed area with respect to ground, but TA can be large, the size of a country for example. Satellites broadcast a TAI.
When a UE registers initially, or makes RA updates, or switches to connected mode, the satellite RAN gets a UE location indication, from serving beam identification for example. The satellite RAN stores this information.
When a UE has to be paged, the AMF determines the satellite RAN access node(s) where to send the paging message from the TAI as usual. The satellite RAN can then select the satellite beams where to broadcast the paging from its knowledge of UE last location and satellites ephemeris.

The proposal is hence similar to the one proposed in [2] where UEs are assumed to have autonomous location capability, but extends it to the case where UEs have not this capability.

In the following, we describe the impacts of the proposed solution depending on different satellite RAN architecture scenarios, focusing on satellites with moving beams, i.e. architecture scenarios C2 and D2.
2.2.1. Transparent satellites and moving beams (scenario C2)

A gNB on earth can access one or several satellites and it is configured to support a given TA. The gNB embeds a function specific to satellites, in charge of getting, keeping UE location information, and selecting the satellite beam(s) where to send the paging.
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Figure 1: NTN dedicated functions for architecture scenario C2

2.2.2. Regenerative satellites and moving beams (scenario D2)
gNB-DU processed payload

A gNB-CU on earth is connected to one or several on-satellite DUs and is configured to support a given TA. The gNB-CU embeds a function dedicated to satellite, in charge of getting, keeping UE location information, and selecting to which DUs to propagate the paging request.
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Figure 2: NTN dedicated functions for architecture scenario D2 - on-satellite gNB-DUs
gNB processed payload

The NTN Gateway is connected to several on-satellite gNBs, configured to support a given TA. The NTN-GW embeds a function dedicated to satellite, in charge of getting, keeping UE location information, and selecting to which gNB to propagate the paging request. 

In this case, the NTN-GW is not a pure transport network layer node, since it has to interpret some NG-AP signalling messages.
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Figure 3: NTN dedicated functions for architecture scenario D2 - on-satellite gNBs
2.3. Remarks
These NTN functions located in the satellite RAN may then include some UE contexts for UEs in idle mode. Impacts on UE context coordination between RAN and 5GC shall be further evaluated.
3. Conclusion
We propose a solution that could align paging management for UEs, whether UEs have autonomous location capability or not. We have described what could be the impacts on architecture depending on the satellite RAN architecture scenario.
We propose to capture the solution in TR 38.821 as proposed in annex.
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--------- Start OF CHANGES

8.3.2.X
Solution X: UE location determined by NTN RAN
The earth footprint of a satellite beam depends on the satellite altitude and the beam angle, but remains quite large compared to usual UE mobility relatively to earth. Indeed, compared with a typical terrestrial cellular deployment, UEs are relatively static from satellite point of view.

Then a periodic RA update is sufficient to track a UE in idle mode. The RA update periodicity can be tuned according to UE velocity.

The TA is a fixed area with respect to ground, but TA can be large, the size of a country for example. Satellites broadcast a TAI.

When a UE registers initially, or makes RA updates, or switches to connected mode, the satellite RAN gets a UE location indication, from serving beam identification for example. The satellite RAN stores this information.

When a UE has to be paged, the AMF determines the satellite RAN access node(s) where to send the paging message from the TAI as usual. The satellite RAN can then select the satellite beams where to broadcast the paging from its knowledge of UE last location and satellites ephemeris, in a way similar as when it is assumed that the UE has the capability to determine its location.

In case of transparent satellites and moving beams, the gNB embeds a function specific to satellites, in charge of getting, keeping UE location information, and selecting the satellite beam(s) where to send the paging (Figure 8.3.2.X-1).
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Figure 8.3.2.X-1: NTN dedicated functions for architecture with transparent satellites
In case of regenerative satellites, moving beams and gNB-DU processed payload (Figure 8.3.2.X-2), it is the gNB-DU that embeds a function dedicated to satellite, in charge of getting, keeping UE location information, and selecting to which DUs to propagate the paging request
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Figure 8.3.2.X-2: NTN dedicated functions for architecture scenario with on-satellite gNB-DUs
When considering regenerative satellites, moving beams and gNB processed payload (Figure 8.3.2.X-3),  The NTN-GW embeds a function dedicated to satellite, in charge of getting, keeping UE location information, and selecting to which gNB to propagate the paging request. In this case, the NTN-GW is not a pure transport network layer node, since it has to interpret some NG-AP signalling messages.
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Figure 8.3.2.X-2: NTN dedicated functions for architecture scenario with on-satellite gNBs
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