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1. Introduction
This contribution provides necessary updates of Solution #4, as well as the addition of Evaluation.
2. Reason for Change
Solution #4 provided a mechanism for coordinated QoS provisioning for network-assisted C2 communication. The following updates are summarized:
- change of solution title to clarify that this solution applies only for network-assisted C2 communication.

- addition in Step 1, a response to the C2 QoS management request as positive/negative acknowledgement from the UAE-S.

- rephrasing of Step 3, with the addition of more details and references from SA2 and SA6, related to the supplementary information.

- Addition of Steps 4a/4b as optional way (could be alternative to Step 3) for receiving supplementary information for the UAV-C session, and in particular the application QoS status, via U1-AE.

- Addition of Solution Evaluation.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.745 v.1.0.0.
* * * Change * * * *

8.4
Solution #4: Support for coordinated QoS provisioning for network-assisted C2 communication 
8.4.1
Solution description

8.4.1.1
General

This solution addresses Key Issue #5 on UAV Application Server QoS Provisioning, and in particular provides a mechanism for ensuring the end-to-end application QoS requirement fulfilment for C2 application, considering that the QoS of one of the links may downgrade. It is assumed that the UAV flight is ongoing, and both the UAV and UAV-C are connected to 3GPP network (the same or different). C2 communication is assumed to be in-direct / network-assisted; hence two PDU sessions are established respectively (one for the UAV and one for the UAV-C). An illustration of the scenario is provided at the Figure below:
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Figure 8.4.1.1-1: Exemplary illustration of network-assisted C2 communication
Initially, the UAE client at the UAV-C sends a request to the UAE-S to monitor and manage the end-to-end application QoS for the C2 communication. This triggers the UAE-S to subscribe to the corresponding PLMNs for receiving QoS monitoring events for both PDU sessions (one for UAV and one for UAV-C). When a QoS monitoring event is received by the UAE-S, the UAE-S checks whether the QoS of the other link can be upgraded and how, in order to meet the end-to-end C2 requirements. If UAE server evaluates that QoS upgrade can be triggered to compensate for the QoS downgrade of the other PDU session, the updated QoS requirements are sent to the underlying PLMN(s) for one or both sessions.

8.4.1.2
Procedure

Pre-conditions:

1.
The UAS is registered and connected to the PLMN (s). UAV flight is ongoing and C2 communication is in-direct (two PDU sessions are established one for UAV and one for UAV-C and the relation / pairing between UAV and UAV-C is known at the UAE-S).

2.
UAE-S and UAE clients (of the UAV, UAV-C) have established application enabler layer sessions. UAE-S is also capable of using SEAL services.

3.
UAE-S has already registered to receive QoS monitoring event notifications from 5GC and notifications from UEs (from both UEs).
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Figure 8.4.1.2-1: UAE-assisted coordinated QoS provisioning for C2 communication 
1a.
The UAE-S receives from the UAE client of the UAV-C a request for managing the QoS for the C2 application session. This request message will provide to the UAE-S the capability to manage C2 communication and may include necessary information for the UAS such as UAS identification, PLMN ID(s), C2 control mode (direct stick, stick to waypoints), use of HD video flag, geographical area where the requirement applies, time of validity for the requirement. 
1b. Following, the UAE-C provides a response indicating a positive/negative acknowledgement.
2a.
The UAE-S receives a trigger event from the 5GC (SMF/NEF), denoting a QoS downgrade notification for the UAV session. Here there are two cases for the QNC: one for notification control with Alternative QoS profiles for the QoS flows (clause 5.7.2.4.1b of 3GPP TS 23.501 [12]) where the 5GS provides the alternative downgraded QoS to be applied; and one for notification control without Alternative QoS profiles (clause 5.7.2.4.1b of 3GPP TS 23.501 [12]).
2b.
(optionally, as alternative to 2a), A trigger event is sent from the UAE client of the UAV and/or the UAV-C to the UAE-S, denoting an application QoS change (experienced or expected) e.g. based on the experienced packet delay or packet loss for the Uu link (e.g. packet loss > X%)
3a.
The UAE-S interacts with 5GC (NEF) and/or SEAL services to acquire supplementary information for the UAV/UAV-C session or for the network status. This information may supportidentifying whether the QoS requirements for UAV/UAV-C session can or cannot be upgraded. In particular, the 5GC/SEAL services may be:

· On-demand location reporting from LM-S (clause 9.3.4, 9.4.2 of 3GPP TS 23.434): UAE-S acts as VAL server and requests/receives reporting on demand for the UAV-C.
· NEF Monitoring Events (see 3GPP TS 23.502): UAE-S acting as AF subscribes and gets notified on network /QoS monitoring Events via MonitoringEvent and the AFSessionWithQoS APIs to track mobility and session related events for a certain UE. 
· QoS sustainability analytics (see 3GPP TS 23.288): UAE-S acting as AF subsribes and gets notified on the expected QoS status for the corresponding UAV-C session by NWDAF (via NEF). This will support the UAE-S to capture possible QoS fluctuations over a time window.
3b. Optionally, the UAE-S may also receive notifications (based on subscription, as in Pre-condition 3) from UAV-C or UAV related to the application QoS fulfillment / status.
4.   The UAE-S checks the fulfilment/non-fulfilment of the E2E QoS based on the trigger event of step 2a/2b and the additional information from the 5GC/SEAL and/or the UAV/UAV-C as in steps 3a/3b (about the UAV/UAV-Csession which is not downgraded). This is performed by matching the estimated application QoS per link to the composed E2E application QoS metrics. Then, the UAE-S, determines an action, based on the evaluation of the E2E QoS. This action is the QoS adaptation of both links (QoS profile downgrade for the link receive QoS notification control, and QoS upgrade for the link which can be upgraded). 

NOTE:
If Alternative QoS profiles are set in advance by the AF, the the UAE-S will only update the upgraded QoS and will not decide on the QoS requirements adaptation for the downgraded flow.
5.
The UAE/SEAL server, acting as AF, sends to the 5GC (to SMF via NEF or to PCF via N5) a request for a change of the QoS profile mapped to the one or both network sessions (UAV, UAV-C) or the update of the PCC rules to apply the new traffic policy (both AF triggered actions are supported in 3GPP TS 23.501 [12]/3GPP TS 23.502 [13])
8.4.2
Solution evaluation 

Key Issue #6 provides the following topics for investigation related to the UAV Application Server QoS Provisioning:

a. Whether and how the application layer QoS requirements are provided to the 3GPP system?

b. Whether and how QoS differentiation can be supported for UAV operations (e.g. for C2 communication mode, mission type, C2 communication types)?

c. Whether and how UAE/SEAL layer needs to be enhanced to support the QoS monitoring/provisioning?

d. Whether and how UAE/SEAL layer needs to be enhanced to support modifying QoS requirements as requested by the UAV-controller or the USS/UTM?

This solution covers:

-
bullet a) by enabling UAE server to interact with 3GPP system to provide the updated QoS requirements for compensating QoS for a C2 application session;
-
bullet c) since it enhances the UAE layer to support C2 application QoS provisioning for the updated requirements;
-     bullet d) since it enhances the UAE layer to support modifying QoS requirements based on  UAV-C request (as in Step 1).
This is a viable solution for ensuring C2 end-to-end QoS requirements fulfilment even if one of the Uu links gets downgraded (e.g. UAV). The solution is technically feasible, since it uses existing SA2/SA6 defined APIs; and proposes a new capability at the UAE-S for identifying and coordinating a joint application session QoS adaptation for the involved Uu links, for ensuring that the end-to-end C2 requirements are met. This solution only requires enhancements over U1-AE reference point.

* * * End of Change * * * *
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