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Abstract: This paper proposes a solution for Key Issue #4 and Key Issue#5.
1
Discussion
Key issue #4 “QoS with satellite access” considers introduction of a satellite access in the 5G system that will induce a larger latency in the delivery of the information than in terrestrial cases due to the distance of the satellites above the surface of Earth.

Specifically the key issue addresses the following points:
-
What are the impacts on the QoS of a 5GS when introducing a satellite access?

-
What are the functional nodes and procedures in the 5GS to be updated to take into account these impacts, if any?
Key issue #5 “QoS with satellite backhaul” focuses on the use of satellite connectivity as backhaul between terrestrial RAN nodes and terrestrial CN nodes, since such connection may not be able to provide appropriate QoS for all flows. For instance, ultra-low latency (e.g. using 5QI = 81, with Packet Delay Budget of 5 ms) may be required but the satellite 
Specifically the key issue addresses the following points:

-
What are the impacts on the 5G System QoS in case of using satellite backhaul?

-
What are the functional nodes and procedures in the 5GS to be updated to take into account these impacts, if any?

1.2
Higher latency and mobility
Due to the higher latency introduced by satellite access, in order to cater for services that require specific QoS that cannot be delivered via satellite access (e.g. low latency), the presence of the satellite access should be considered in mobility procedures. This applies to both idle mode mobility procedures and connected mode procedures. 

Specifically, what we propose is:

-
in connected mode mobility, the selection of the target access needs to consider whether such access is capable of supporting the required QoS. Specifically:

-
The RAT type of the target access (e.g. satellite) needs to be considered when selecting the target access
-
whether the target access is backhauled via satellite should be considered when selecting the target access

-
in idle mode mobility, we assume the UE would not be aware of whether a terrestrial access is backhauled via satellite or not. To handle such scenario, if the UE reselects to a terrestrial access backhauled by satellite that cannot support the required QoS, either the establishment of user plane resources for the UE traffic is rejected, or the CN triggers handover of the UE to another access that is not backhauled. 

2
Proposal

First change
6.X
Solution #X: Mobility and QoS with Satellite Access
6.X.1
Description
Key issue #4 “QoS with satellite access” considers introduction of a satellite access in the 5G system that will induce a larger latency in the delivery of the information than in terrestrial cases due to the distance of the satellites above the surface of Earth.

Specifically, the key issue addresses the following points:
-
What are the impacts on the QoS of a 5GS when introducing a satellite access?

-
What are the functional nodes and procedures in the 5GS to be updated to take into account these impacts, if any?
Key issue #5 “QoS with satellite backhaul” focuses on the use of satellite connectivity as backhaul between terrestrial RAN nodes and terrestrial CN nodes, since such connection may not be able to provide appropriate QoS for all flows. For instance, ultra-low latency (e.g. using 5QI = 81, with Packet Delay Budget of 5 ms) may be required but the satellite 
Specifically the key issue addresses the following points:

-
What are the impacts on the 5G System QoS in case of using satellite backhaul?

-
What are the functional nodes and procedures in the 5GS to be updated to take into account these impacts, if any?

The proposed solution addresses the following issues specifically:
-
in idle mode mobility, how do we avoid that a UE that has active PDU sessions requiring QoS that cannot be supported by an NTN RAT or a terrestrial RAT with satellite backhaul selects an inappropriate cell?

-
when a UE moves between RATs, how do we ensure that the selected target RAT supports the require QoS for the UE PDU sessions? E.g. that the selected target cell is not an NTN RAT or a terrestrial RAT supporting satellite backhaul when the QoS has strict latency requirements?

The proposed solution is based on the following aspects:

-
In handover procedures, target RAN node is selected considering necessary QoS, and NTN RAT or terrestrial RAT with SAT backhaul is not selected as target (or selected target RAN node rejects the handover if backhaul is SAT, assuming that target RAN node may not be aware of target RAT backhaul)
NOTE: it is assumed that no Xn handover is defined for NTN-terrestrial RAT handover.
-
When UE selects a cell for resource establishment, if the selected cell is NTN RAT or a terrestrial RAT with SAT backhaul, and the required QoS cannot be satisfied, the network redirects/handovers the UE to an appropriate target RAN node (if available) before establishment of radio resources:
-
target RAN node receives N2 container and determines QoS cannot be guaranteed

-
target RAN node does not establish the user plane resources (e.g. does not establish DRBs or does not schedule the UE), and triggers measurement reports to select an appropriate target RAN node

-
Other aspects of SR procedure are not modified.
6.X.2
Procedures

No new procedures are required. Handovers procedures will consider the type of target RAT (e.g. NTN for a handover from terrestrial RAT to NTN RAT) and the QoS requirement of active data flows when selecting the target RAT. Whether this needs to be specified in SA2 or in normative phase this needs to be specified in RAN will be discussed in normative phase.
6.X.3
Impacts on existing nodes and functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.
The following impacts are foreseen:

-
RAN: RAN nodes shall consider the current QoS requirements for the ongoing data flow and the type of target RAT node candidates (NTN or not) when deciding the target RAT node for a handover.
-
AMF: Whether the AMF or the source RAN makes the determination will be decided during normative phase.
6.X.4
Solution Evaluation
The solution based on RFSP for idle mode camping has no normative impact and is based on implementation solutions in the AMF in terms of determining the appropriate RFSP. An RFSP-based only solution is not sufficient in all cases, and thus a joint solution for redirecting the UE is also required. 

The aspects of the solution based on redirecting/handing over the UE re-use existing procedures. Possible changes to the DRB handling and resource scheduling before the UE is redirected to another RAT may require further discussion in RAN groups.

Next change
7
Overall Evaluation
7.X
Key Issue #4, QoS with satellite access
Editor’s note: This clause will provide evaluation of solutions for Key Issue #4
Solution 6.X addresses key issue #4 and provides a solution for the mobility aspects related to the use of satellite as an access.
Next change
7.X
Key Issue #5, QoS with satellite backhaul
Editor’s note: This clause will provide evaluation of solutions for Key Issue #5

Solution 6.X addresses completely key issue #4 and provides a solution for the mobility aspects related to the use of satellite as an access.
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