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Abstract: This contribution introduces some clarifications and the evaluation for Solution #16 of KI #3. 
1. Discussion
1.1
Editorial Clarifications
During SA2#129bis, Solution#16 has been enhanced defining two alternative options:

-
Option 1 – RAN based multi-QoS profile: this option applies if AN supports multi-QoS profiles flows;

-
Option 2 – CN based multi-QoS profile: this option applies if AN does not support multi-QoS profile flows.

This contribution adds some clarifications to cl. 6.16.1 Functional Description, to indicate which steps apply to Option 1 and/or to Option 2.
1.2
Solution#16 Evaluation

1.2.1
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:
-
the eV2X AF influences the QoS of an eV2X service, indicating to the 5GS a set of QoS Levels which eV2X service can be supported with;
-
for eV2X services, the 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 or can be fulfilled again;

-
the 5GS notifies the eV2X AF of QoS downgrade/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 behaviour on QoS management will be more deterministic, and the outcome of QoS reconfigurations will become more predictable at eV2X application level.
-
The signalling load will be reduced compared to uncontrolled QoS downgrades which normally attempt QoS re-negotiation several times.

-
The support of multi Level QoS session and of Multi QoS profile flows will enable network flexibility to adjust (i.e. upgrade or downgrade) the 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 TR 23.786:

-
Solution #16 provides distinguished features with finer granularity of QoS support compared to Solution#17 to overcome some critical limitations:
-
Solution #17 does not allow for any control over the QoS changes, other than re-starting from scratch the QoS level negotiation between 5GS and AF. This will increase the service disruption time;

-
Solution #17 simply notifies the QoS changes “yes/no” according to TS 23.501, clause 5.7.2.4, which actually would not provide high value to eV2X services which require more accurate QoS levels. In SA2#129bis, Solution #17 was enhanced to also include the guaranteed QoS requirements in the indication to the AF. However, what is the exact guaranteed QoS requirement is not clear yet and it heavily depends also on the RAN capability. 
-
Solution #17 has one QoS target, which limits the room of network operation for better resource usage compared to multiple QoS targets. 
RAN considerations:

-
As per Solution#16 Option 1, RAN need to support multi QoS Level flows;

-
As per Soltuion#16 Option 2, no impact are foreseen on RAN;
1.2.2
Consideration on 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 that 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 that 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.
The following cases are discussed:

-
Case A: Solution#16 is not supported; 

-
Case B: Solution#16 Option 1 is supported;
-
Case C: Solution#16 Option 2 is supported.

1.2.2.1
Case A: Solution#16 is not supported, RAN does not release resources
Figure 1.2.2.1-1 illustrate the Rel-15 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 TS 23.501 cl. 5.7.2.4.
-
no specific conditions at NG-RAN require the resource release of the QoS flow.
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Figure 1.2.2.1-1: 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 NG-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.
1.2.2.2
Case B: Solution#16 Option 1 supported (RAN impact)
Figure 1.2.2.2-1 illustrates 5GS behaviour with Solution#16 Option 1, in case RAN conditions do not allow NG-RAN to guarantee QoS for the QoS flow carrying V2X service data.
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Figure 1.2.1.2-1: Solution#16 Option 1 (RAN impact) Supported

0:
A PDU Session and a QoS Flow are established to carry data for a V2X Service with specific QoS requirements. At this point in time RAN and CN are aware of the multiple QoS levels that can be accepted by the AF. 
1:
RAN conditions do not allow the NG-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.
1.2.2.3
Case C: Solution#16 Option 2 supported (no RAN impact)
Figure 1.2.2.3-1 illustrates 5GS behaviour with Solution#16 Option 2, in case RAN conditions do not allow NG-RAN to guarantee QoS for the QoS flow carrying V2X service data.
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Figure 1.2.1.3-1: Solution#16 Option 2 (no RAN impact) Supported
0:
A PDU Session and a QoS Flow are established to carry data for a V2X Service with specific QoS requirements. At this point in time the CN (but not the RAN) is aware of the multiple QoS levels that can be accepted by the AF.
1:
RAN conditions do not allow the NG-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 reconfigures the DRB to complete QoS flow modification;
7:
V2X Application adapts to the downgraded QoS Level.
1.2.2.4
Observations
[Observation-1]: as shown in section 1.2.2.1, the main issue arising from an uncontrolled QoS downgrade is it will likely cause a drop of the eV2X service (1st problem, service interruption), followed by an attempt to interact with the application and re-establish the PDU session (2nd problem, signalling required) with the same or updated QoS requirements, during which the eV2X service will be unavailable. A simple notification to UE/AF of the QoS change cannot cope with this issue.
[Observation-2]: the support of Solution 16 will avoid the re-interaction with the application and execution of the PDU Session re-establishment, and will avoid the drop and interruption of the eV2X service.
[Observation-3]: Compared to Solution 16 Option 2, Solution 16 Option 1 further reduces the time required for a controlled QoS downgrade (as shown in Figure 1.2.2.2-1, the downgrade would complete at step 2, rather than at step 6 of Figure 1.2.2.3-1).
[Observation-4]: Solution#16 Option 2 will anyway avoid eV2X service interruption and signalling for re-interacting with the application and PDU Session re-establishment. Additionally, it would not have RAN impact.
2. Text Proposal

It is proposed to agree the following changes vs. TR 23.786.
FIRST CHANGE
6.16
Solution #16: Solution for QoS Support for eV2X over Uu Interface - Enhancements for QoS Monitoring and Control

6.16.1
Functional Description

This solution addresses Key Issue #3 (QoS Support for eV2X over Uu interface) and it is based on enhancing the 5GS QoS model. 
This solution defines two alternative options:

-
Option 1 – RAN based multi-QoS profile;

-
Option 2 – CN based multi-QoS profile.

To enable enhanced QoS Monitoring and Control the following steps should be executed. The steps apply to both options unless otherwise indicated.
1.
An eV2X Application Function (AF), possibly from 3rd party, influences the QoS of the eV2X service, by offering a set of possible QoS levels to the PCF.


For examples, the AF indicates QoS levels 1, 2 and 3 which, based on SLA, are mapped on different QoS parameters sets.

2.
To support eV2X services, a new type of PCC rule with multiple QoS parameter sets (each consists of a rank, 5QI, and optionally Rank notification (RN), GBR and MBR) should be introduced. The PCF generates such a PCC rule for the eV2X service and maps the QoS levels provided by the AF to different QoS parameter sets. This PCC rule is then provided to the SMF.


The new type of PCC rule includes, e.g.:


Parameter set 1 = {Rank 1: 5QI value = x1, RN, GBR = y1, MBR = z1} (i.e., highest QoS level);


Parameter set 2 = {Rank 2: 5QI value = x2, RN, GBR = y2, MBR = z2} (i.e. medium QoS level);


Parameter set 3 = {Rank 3: 5QI value = x3, RN, GBR = y3, MBR = z3} (i.e. lowest QoS level).
3.
To support eV2X services, a new type of QoS flow that can be associated with multiple QoS profiles should be introduced. When the SMF receives a PCC rule with multiple QoS parameter sets, it establishes such a QoS flow and provides a QoS profile per QoS parameter set.


The new type of QoS Flow includes, e.g.:


QoS profile 1 = {Rank 1: 5QI value = x1, RN, GBR = y1, MBR = z1} (i.e., highest QoS level);


QoS profile 2 = {Rank 2: 5QI value = x2, RN, GBR = y2, MBR = z2} (i.e. medium QoS level);


QoS profile 3 = {Rank 3: 5QI value = x3, RN, GBR = y3, MBR = z3} (i.e. lowest QoS level).
4.
(This step applies to Option 1 only) When the RAN receives a QoS flow establishment request which contains multiple QoS profiles, it treats this QoS flow according to the QoS profile with the highest rank (i.e. with the most demanding QoS parameter values).

NOTE 1:
The ranking of the different QoS profiles is based on the application's input.

5a.
(This step applies to Option 1 only) If later the current QoS profile cannot be fulfilled for the QoS flow, the RAN should try to fulfil the QoS of one of the other QoS profiles associated to the QoS flow. If this is successful, the RAN will indicate the rank of the now supported QoS profile in the notification to the network that the current QoS can no longer be fulfilled.
NOTE 2: RAN can optionally send a notification to the UE on the next level of QoS to be adjusted if specified by the PCF/SMF.
5b.
(This step applies to Option 2 only) If the QoS profile cannot be fulfilled for the QoS flow, the RAN triggers a PDU session modification to notify the 5GC of the QoS failure (see TS 23.502, subclause 4.3.3.2 step 1a). The 5GC modifies the PDU session to fulfil the QoS of one of the other QoS profiles associated to the QoS flow.
NOTE 3: RAN can optionally send a notification to the UE on the unfulfilment of the QoS profile if specified by the PCF/SMF 
6.
The AF and/or UE is notified by the PCF whenever a QoS level change occurs and can adjust the eV2X service accordingly. The notification indicates the supported QoS level following the change.

Depending on the use case (e.g., in case of latency constrains, the notification should be sent directly to the UE), the AF may indicate in the notification request message whether the notification should be sent to the UE, AF or both.

7.
(This step applies to Option 1 only) If later the RAN recognizes that a higher rank QoS profile can be fulfilled, the QoS flow will be treated accordingly and a notification to the network is sent that a new QoS profile can now be fulfilled.

8.
The AF and/or UE is notified by the PCF whenever a QoS level change occurs and can adjust the eV2X service accordingly. The notification indicates the supported QoS level following the change.

NOTE 4:
Steps 5+6 and/or 7+8 can occur several times depending on the number of QoS profiles that are associated to the QoS flow.
SECOND CHANGE

6.16.5
Solution Evaluation

Solution #16 addresses Key Issue #3 “QoS Support for eV2X over Uu interface” and, in particular, the Requirements to support vehicle quality of service (see subclause 5.6 of TS 22.186 [x]).The solution requires extending the current QoS framework and has impact on the AF, PCF, CN and, for Option 1, also on the RAN. The main benefits of Solution #16 are:

-
It allows the eV2X AF to better adjust to the currently applied QoS (e.g., in case of QoS failure, instead of downgrading to the lowest possible QoS level, the V2X application can still operate at a higher QoS level, even if not at the highest one). 

-
The signalling load and latency are reduced by avoiding QoS re-negotiations. 

-
The support of Multi QoS profile flows enables controlled QoS adjustments (i.e. upgrade or downgrade) according to the needs of the V2X application.
-
Discontinuity and operational interruptions of eV2X applications (both at UE and Network sides) due to 5GS impossibility to fulfil the negotiated QoS requirements are minimised.
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