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Abstract: This contribution discusses an evaluation of Solution #16 of KI #3.
1. Discussion
1.0
General
Solution #16 of Key Issue #3 “QoS Support for eV2X over Uu interface” as per TR23.786, improves the capabilities of 3rd parties AF to influence and monitor the QoS provided by 5GS, which are regarded as essential for eV2X services, especially when relating to driving safety applications.

The key features of Solution #16 are:
· eV2X AF, possibly from 3rd parties, influences the QoS of an eV2X service, indicating to 5GS a set of QoS Levels which eV2X service can be supported with;

· for eV2X services, 5GS supports multi QoS Level PDU sessions, e.g. via multi QoS profile flows, and attempts controlled (i.e. targeting the QoS Levels indicated by AF) QoS downgrade (upgrade) in case QoS cannot be fulfilled (can be fulfilled again);
· 5GS notifies the eV2X AF of QoS changes (downgrade or upgrade), to allow for eV2X dynamic adjustment (e.g. changes of Level of Automation).

The main benefits from Solution #16 are:

· The eV2X AF will receive notification of the QoS changes, allowing for eV2X dynamic adjustment (e.g. changes of Level of Automation/speed/v2v distance). The notification does not only indicate the occurrence of a QoS change, but it also indicates the QoS Level supported after the change occurred.
· The eV2X requirements will be more deterministic, and 5GS could have better resource management.

· The 5GS behaviours on QoS management will be more deterministic (conditions permitting), and the outcome of QoS reconfigurations will become more predictable at eV2X application level.
· Signalling load will be reduced, as eV2X services, after uncontrolled QoS downgrades, will re-attempt QoS re-negotiation.

· The support of multi Level QoS session and of Multi QoS profile flows will enable network flexibility to adjust (i.e. upgrade or downgrade) QoS according to RAN conditions (e.g. cell load, radio link quality etc).

· Discontinuity and operational interruptions at eV2X application level (both at UE and Network sides) due to 5GS impossibility to fulfil the negotiated QoS requirements will be limited.
· Solution #16 is not limited to eV2X services only. It can be used in all services where finer granularity of QoS awareness and/or better QoS control is needed.  

Comparison with other solutions included in TR23.786 v0.8.0:

· Solution #16 is compatible and complementary to Solution#8;
· Solution #16 provides distinguish features comparing to solution#17 with finer granularity of QoS support Solution#16 overcome some critical limitations of solution #17:
· Solution #17 does not allow for any control over the QoS changes;

· Solution #17 simply notifies the QoS changes “yes/no” according to TS23.501, clause 5.7.2.4, which actually would not provide high value to eV2X service which require more accurate QoS levels.
· Solution #16 is compatible and is expected to be highly beneficial when combined with Solution #23: in addition to provide potential QoS change notification (as per solution #23), solution #16 will allow to quantify the QoS change, as changes would be happening according to the QoS Levels. This would address concerns as per 5GAA LS IN “LS Reply to 3GPP on Time-Criticality of In-Advance QoS Notification”.

RAN considerations:

· As per Solution#16, RAN should support multi QoS Level flows, but the solution would operate also in deployment scenarios where RAN nodes not supporting multi QoS Level flows and deployment scenarios with part of RAN nodes not supporting multi QoS Level flows.

1.1
Signalling Load Reduction

A quantitative assessment of the per PDU Session signalling load reduction that Solution #16 would lead to is discussed in the following.
It is assumed a V2X application may operate at different QoS Levels, e.g. corresponding to different Level of Automations, which may have different QoS requirements.
It is also assumed a V2X application will stop operating if, for a continuous time period, the QoS provided by 5GS is insufficient for any of the admitted V2X Application QoS Levels.
Two cases are discussed:

· Case A: Solution#16 is not supported; 

· Case B: Solution#16 is supported.

1.1.1
Case A.1: Solution#16 is not supported, RAN does not release resources
Figure 1.1.1-1 illustrate Rel15 5GS behaviour (i.e. without Solution#16), in case:

· RAN conditions do not allow NG-RAN to guarantee QoS for the QoS flow carrying V2X service data;

· notifications are requested from the RAN when the QoS cannot be fulfilled for a QoS Flow during the lifetime of the QoS Flow as per TS23.501 cl. 5.7.2.4.
· no specific conditions at NG-RAN require the resource release of the QoS flow.
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Figure 1.1.1-1: Solution#16 Not Supported, Notification Control requested, Radio Resources Not released.
0:
A PDU Session and a QoS Flow are established to carry data for a V2X Service with specific QoS requirements. 
1:
RAN conditions do not allow the RAN to fulfil the specific QoS requirements for the QoS Flow carrying data for a V2X Service. From this point in time in time onwards, V2X application at UE is not operating as expected in step 0;
2:
RAN determines that QoS cannot be guaranteed and sends a notification towards SMF, keeping the QoS Flow (TS23.501 cl. 5.7.2.4). The QoS provided to the QoS Flow carrying data for a V2X Service is unknown. V2X application at UE is not operating as expected in step 0 in this phase;
2A:If the QoS provided to the modified QoS Flow is not sufficient to guarantee the V2X Application to operate at any suitable QoS Level, the V2X Application drops.

3:
SMF may forward the notification to the PCF, see TS 23.503. V2X application at UE is not operating as expected in step 0 in this phase;

3A:5GC reports to the impacted AF (if the AF requests to be notified on the event) that the QoS cannot be guaranteed. V2X application at UE is not operating as expected in step 0 in this phase;

4:
5GC may initiate N2 signalling to modify or remove the QoS Flow. Rules for QoS flow modifications are unknown. V2X application at UE is not operating as expected in step 0 in this phase;

5:
RAN reconfigures the DRB to complete QoS Flow modification. V2X application at UE is not operating as expected in step 0 in this phase;
6:
The V2X application triggers the UE to a new PDU Session Establishment/Modification.
1.1.2
Case B.1: Solution#16 supported, Multi Level QoS with RAN not supporting Multi QoS Flow
Figure 1.1.2-1 illustrates GGS behaviour if Solution#16 is supported, in case
· RAN conditions do not allow NG-RAN to guarantee QoS for the QoS flow carrying V2X service data;

· RAN not supporting Multi QoS Flow (e.g. legacy case);
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Figure 1.1.2-1: Solution#16 Supported, RAN Not supporting Multi QoS Flows
0:
A PDU Session and a QoS Flow are established to carry data for a V2X Service with specific QoS requirements. 
1:
RAN conditions do not allow the RAN to fulfil the specific QoS requirements for the QoS Flow carrying data for a V2X Service. From this point in time in time onwards, V2X application at UE is not operating as expected in step 0;
2:
RAN determines that QoS cannot be guaranteed and sends a notification towards SMF, keeping the QoS Flow (TS23.501 cl. 5.7.2.4). The QoS provided to the QoS Flow carrying data for a V2X Service is unknown. V2X application at UE is not operating as expected in step 0 in this phase;

3:
SMF may forward the notification to the PCF, see TS 23.503; V2X application at UE is not operating as expected in step 0 in this phase;

4:
5GC may initiate N2 signalling to modify the QoS Flow. PCF affects the QoS Flow modification according to QoS levels as indicated by AF as per TR23.786 “Application Function Request to Influence eV2X QoS”, applying the new type of PCC rule for V2X as per TR23.786 cl. 6.16.1. V2X application at UE is not operating as expected in step 0 in this phase;

5:
5GC reports to the impacted AF on the QoS Level downgrade as per TR23.786 “QoS Level Change and AF Notification.

6:
RAN reconfigure the DRB to complete QoS flow modification;
7:
V2X Application adapts to the downgraded QoS Level.
1.1.3
Case B.2: Solution#16 supported, Multi Level QoS with Multi QoS Flow
Figure 1.1.3-1 illustrates GGS behaviour if Solution#16 is supported, in case
· RAN conditions do not allow NG-RAN to guarantee QoS for the QoS flow carrying V2X service data;

· RAN is supporting Multi QoS Flow.
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Figure 1.1.3-1: Solution#16 Supported, RAN supporting Multi QoS Flows

0:
A PDU Session and a QoS Flow are established to carry data for a V2X Service with specific QoS requirements. 
1:
RAN conditions do not allow the RAN to fulfil the specific QoS requirements for the QoS Flow carrying data for a V2X Service. From this point in time in time onwards, V2X application at UE is not operating as expected in step 0;

2:
RAN determines that QoS cannot be guaranteed and downgrades the QoS of the Multi QoS Flow as per PCC rule for V2X as per TR23.786 cl. 6.16.1.
3:
RAN sends a notification towards SMF;

4:
SMF may forward the notification to the PCF, see TS 23.503; 

5:
5GC reports to the impacted AF on the QoS Level downgrade as per TR23.786 “QoS Level Change and AF Notification.
6:
V2X Application adjust to the controlled downgrade QoS Level.
For the reasons above, it is proposed to approve Solution#16 to be selected for the normative phase.
2. Proposal

It is proposed to add the following changes to TR 23.786.
START CHANGE
6.16.5
Solution Evaluation
Solution #16 of Key Issue #3 “QoS Support for eV2X over Uu interface” as per TR23.786, improves the capabilities of 3rd parties AF to influence and to be aware of the QoS provided by 5GS, which are regarded as essential for eV2X services, especially when relating to driving safety applications. The main benefits from Solution #16 are:

-
The eV2X AF will receive not only the indication about the occurrence of a QoS change but in addition the information about the currently applied QoS, allowing for eV2X dynamic adjustment (e.g. changes of Level of Automation, driving speed, v2v distance) that is appropriate to the currently applied QoS instead of an adjustment to the lowest QoS the V2X application can operate with. 
-
Signalling load will be reduced by avoiding AF initiated QoS re-negotiations in case of QoS downgrades which are required in Rel-15 to re-establish a lower QoS level to which the V2X application can adjust.
-
The support of Multi QoS profile flows will enable RAN flexibility to adjust (i.e. upgrade or downgrade) QoS according to the needs of the V2X application which would allow a better RAN resource management.
-
Discontinuity and operational interruptions at eV2X application level (both at UE and Network sides) due to 5GS impossibility to fulfil the negotiated QoS requirements will be minimised.
RAN considerations:

-
As per Solution#16, RAN should support multi QoS profile flows. The solution will however also operate in deployment scenarios where RAN nodes are not supporting multi QoS profile flows and deployment scenarios with only a part of RAN nodes not supporting multi QoS profile flows. In these cases, the SMF shall be configured by OAM to identify RAN nodes supporting / not supporting multi QoS profile flows and provide the QoS profiles to those RAN nodes whenever the UE is connected to them. For the other RAN nodes, the SMF can take over the responsibility of adjusting (i.e. upgrade or downgrade) QoS according to the multi QoS profiles when a QoS failure notification is received by the RAN node.
Comparison with other solutions included in TR 23.786:

-
Solution #16 is an alternative to solution#17 if the RAN supports multi QoS profile flows 
-
If the RAN does not support multi QoS profile flows, Solution #16 would benefit from solution#17 as the SMF would get a better view about the current problem at the RAN so that QoS flow can be modified to the most appropriate lower QoS profile. 

END OF CHANGE
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