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Abstract of the contribution: This paper proposes a introduce a new key issue to discuss Multi connectivity addressing a satellite access in the presence of another satellite access and or terrestrial access.
Discussion

The following requirements have been approved in TS 22.261 (Section 6.5 Efficient User Plane):

For a 5G system with satellite access the following requirements apply :

· A 5G system with satellite access shall be able to select the communication link providing the UE with the connectivity that most closely fulfils the agreed QoS

· A 5G system with satellite access shall be capable of establishing independently uplink and downlink connectivity through the satellite access network and terrestrial access networks.

· UEs with satellite access shall be capable of dual connectivity with a satellite access network and a terrestrial access network.

Further, on Section 6.6 (“Efficient Content Delivery”):

A 5G system with satellite access shall be able to optimise the delivery of content from a content caching application by taking advantage of satellites in supporting ubiquitous service, as well as broadcasting/multicasting on very large to global coverages.
As described in Annex A of TR 23 737, satellite access network can be based on either Non-Geostationary satellites, placed in particular in low Earth orbit, with rather low propagation delays, or can be based on Geostationary (GEO) on Geostationary-Satellites, with large propagation delay but with much larger access coverage in general, and with the ability to broadcast or multicast efficiently the content to a large number of UE’s.

This scheme is described functionally on the following figure:
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Figure X: Multi connectivity architecture with terrestrial, NGSO satellite and GEO satellite RANs
Depending on the nature of the traffic bearers, of associated required QoS, and of the actual capabilities of the access networks, there is therefore a potential interest to have the possibility, should the UEs allow for it:

· To allow the combination of geostationary-based satellite access network, and low Earth orbit satellite access network;

· To allow the combination of GEO-based satellite access network, and/or LEO satellite access network, and terrestrial networks

This multiple connectivity scheme can be organised in either or both direction of data transmission : forward or return, since the QoS requirements may be different, for each direction of transmission.
Multiple connectivity can contribute to the reliability of the 5G System by providing multiple path for data transfer. Multiple connectivity can also contribute increasing the throughput of the 5G System following the context (spectrum load, type of context to be transferred, etc.).
Implementing such a functionality could introduce however new requirements on the 5G System that have not been addressed up to now due to the specifics of satellite system:

· The Quality of Service of satellite that can be delivered by a satellite access and by a terrestrial access is different due to the nature of the technologies. This may have some impacts on the underlying assumptions on  the access management functionality of the 5G Core Network.

· The difference in propagation delays and service capabilities between terrestrial networks, non-geostationary satellite networks and geostationary networks may induce some impact when considering multi connectivity.

· When considering a 3GPP satellite-based access with embarked gNB combined with terrestrial access with on ground gNB, the relative mobility of the satellite gNB with respect to the on ground gNB may impact 3GPP specifications associated to multi connectivity scheme.

· Some solutions could be based on those identified in other studies such as Multi connectivity at RAN level or ATSSS at SA level for instance.

Proposal
**** Start of Changes ****
5.X
Key Issue #X: Multi connectivity with satellite access

5.X.1
General description
The introduction of satellite in the 5G system implies the need for the 5G CN to tackle different access capabilities such as propagation delays, coverage with respect to those than can be met for a terrestrial network.

In this context multi connectivity is defined as the capability for the 5G CN to establish, for a given UE simultaneous multiple sessions, each of these sessions taking the benefits of the characteristics (such as coverage, broadcast capability) of different 3GPP access networks (terrestrial and satellite), in the forward and/or return direction.
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Figure X: Multi connectivity architecture with terrestrial, NGSO satellite and GEO satellite RANs
The following points are expected to be addressed in this key issue:

· What are the impacts (if any) on the 5GS when introducing multi connectivity with satellite access?

· Should impacts be identified, are there any similarities with respect to ATSSS that should be exploited?

· Should impacts be identified, what are the functional nodes and procedures in the 5GS to be updated to take into account these impacts?
In particular, what are the impacts when considering the following scenarios:

· A Geostationary-satellite access and a non-geostationary-satellite access

· A Geostationary-satellite access and a terrestrial access

· A non-geostationary-satellite access and a terrestrial access

· A non-geostationary-satellite access, and a terrestrial access

· A non-geostationary satellite access composed of multiple gNB’s interconnected with each other via Xn interface over Inter Satellite Links.

The impacts on the Xn and NG interfaces should be assessed as well as the criteria for access network selection and handover.
Existing / proposed procedures from other topics should also be reviewed.
**** End of Changes ****
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