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Introduction

Note that this description complements the summary for radio access perspective, provided in R2-2207097[R9] for UID 860046 [R10]. 
The " Integration of satellite components in the 5G architecture” work item adds or enhances a number of features in 5GCore architecture in order to support Non-Terrestrial Networks (NTN), for several use cases:

· Coverage extension: Many commercial activities, such as agriculture, mining, forestry take place outside inhabited areas. Coverage extension with satellite networks is useful to enable e.g. voice communication, video monitoring, and remote control in uncovered or under-covered areas. 

· Internet of Things: many Internet-of-Things applications relate to monitoring of assets (e.g. ships, trains, trucks), infrastructure (e.g. bridges, pipelines, railway track), or the environment (e.g. agriculture sensors). In many IoT applications, only small amounts of data are exchanged and communication is optimized for low power usage. Satellite communication should also be able to address these requirements.
· Disaster communication: Public safety authorities have a responsibility to provide assistance in case of natural disasters. This requires communication, also in cases where because of that disaster the cellular infrastructure is damaged. Satellite communication can be used as fall back for these cases. Ideally the user equipment (UE) and way of working when cellular networks are available should also be usable with satellite access.
· Global roaming: Applications like tracking and tracing of containers need to be available globally across satellite and terrestrial networks. When a container is in a harbour or transported on a truck, using a terrestrial cellular network is probably most efficient. However, when the container is on a ship in the middle of an ocean, only satellite communication is possible.
· Broadcasting: Satellite communication is particularly suitable to broadcast the same information over a very wide area. This can also be used in context of 5G mobile edge applications (e.g. mobile gaming), where application content needs to be available in many different edge locations.

To address such use cases, 3GPP has set Key Performance Indicator (KPI) targets for satellite in [1].
At 5G Core Network architecture level, in SA2 workgroup, a dedicated study on architecture aspects for using satellite access in 5G (FS_5GSAT_ARCH) was conducted to select the solutions able to cope with satellite specific key issues. The TR23.737, outcome of the study, identifies impact areas of satellite integration in the 5GS and solutions to adjust the 5G system accordingly. 
The 5GSAT_ARCH work item, following the study, updated architecture specifications (TS23.501/TS23.502/TS23.503) to implement solutions identified. 
In CT1, TR24.821 studied Non Terrestrial Impact of PLMN selection procedure and following 5GSAT_ARCH_CT led to update TS23.122 and TS24.501. 
Furthermore, RAN has defined as part of the release 17, 3GPP defined radio access networks supporting non-Terrestrial Networks [10].

Description
For architecture perspective, general aspects:
A PLMN core network can be connected to a satellite NG-RAN. A satellite NG-RAN can be shared between more than one core networks. 
Satellite NG-RAN can be used as new RAN 3GPP access but also as backhaul between the core and terrestrial access network providing a transport for the N1/N2/N3 reference points.

Multi-connectivity and URLLC over satellite are not considered in R17. Basic assumptions are that UE are equipped with GNSS, and transparent mode: satellites (LEO/MEO/GEO) are relaying the Uu interface only at physical layer level.
· Impacts on 5GC of Satellite NG-RAN used as new RAN 3GPP access
In R17, only direct access with transparent satellite is considered, as shown in following figure:
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Figure: Direct access with transparent satellite.

Impacts of satellites onto 5GS are link to the size of cells larger than terrestrial ones, the fact that the satellite cells can be fix on earth, when beam is steerable, but also moving on earth, when beam is not steerable. This characteristics impacts 5GS mobility management, i.e. the management of the handover of radio bearer between nodes and the management of the reachability of a UE for downlink services (paging), that need to be adapted to take into account both the satellite beam size and fix or moving cells configuration. 
A basic assumption in Release 17 is that tracking areas (TAs) and cell identities (cell IDs) refer to specific geographical areas, so that 5G services can use these identifiers as representation of a UE location. 

To avoid TAC fluctuations, in the moving cells case, it has been decided that the Radio Access Network will broadcast in the cell the list of Tracking Area Codes, corresponding to tracking areas that have been define on the earth surface through network planning, for the zone currently enlighten by the radio cell. 

New Radio Access Technology types are introduced in the 5GC to distinguish between different satellite configurations (LEO, MEO, GEO, other).
The distance earth – satellite also introduces higher delay values than for terrestrial cells and new 5QI is also introduced in [4] to cope with this delay, depending on the satellite RAT type.  
· Impacts on 5GC of Satellite NG-RAN used as backhaul
Release 17 only considers backhauling with constant delay. Here, the satellite operator is able to mask any delay changes in service/feeder links by exploiting the knowledge of the satellite position to calculate how much variable delay should be added to keep the overall delay constant. Connecting gNBs to 5GC via, e.g., a single GEO satellite or a single NGSO satellite without ISLs are examples of such backhauling as shown in following figure.
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Figure: Illustration of satellite backhauling with constant delay.

Backhauling with constant delay minimizes the impact on the 3GPP network architecture. However, there are following new features introduced in [4] related to the QoS aspects of satellite backhauling:

· Reporting of satellite backhaul category to the 5G Core Network.
· New 5G QoS Indicator (5QI) defined for satellite backhaul and satellite access.
For terminal perspective:

PLMN selection procedure is update for satellite integration in 5GS. Then, in the continuity of the study done in TR24.821, CT1 accomplishments with UE impact at the NAS layer (including PLMN selection), are the following:
· New “NG-RAN satellite” RAT type in USIM
· Extension of the NAS supervision timers over satellite access  for GEO and MEO RAT types (LEO uses legacy timers)

· Modification of the higher priority PLMN selection procedure to include shared MCC 9xx

· New minimum periodic search timer for higher priority PLMN search over satellite access when PLMN uses shared MCC

· New trigger for PLMN selection upon transition in/out international areas (based on UE implementation)

· New Forbidden List of PLMNs not allowed to operate at UE location and its handling

· New  5GMM cause value#78 and its handling (related to the list in the previous bullet)

· Support for multiple TACs for the same PLMN broadcast in the radio cell, including corresponding logic for determining the “Current TAI” and impact on ME-USIM procedures
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