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1.	Discussion
As of SA2 #129bis, two solutions were considered to deal with KI #15 (Enhancements to assist Application Adjustment). Solution #23 tries to generate in-advance notification based on inputs from the NWDAF whereas Solution #26 tries to provide early notification based on resource pre-reservation along a path of a UE [1]. Although both expect a pro-active network behaviour in terms of dealing with QoS degradation, it is important to analyse both solutions in terms of their ready applicability to ensure functional safety for higher Levels of Automation as expected by typical V2X use case scenarios (e.g., Tele-Operated Driving).
KI #15 addresses the following aspects:
-	what input information is required to enable the assessment of a potential change in QoS in given areas by the 5GS;
-	how the 5GS may determine that a notification about potential change in delivered QoS is necessary;
-	how the 5GS may communicate such information to the application in the AF and/or the UE.
This paper evaluates both abovementioned solutions in terms of their suitability to KI #15 and validity.
2. Comparison of Solution #23 and Solution #26
2.1	Considerations on Solution 26
Solution 26 introduces a set of shortcomings:
1. Resource reservation does not imply QoS guarantee
2. System complexity
3. RAN aspects
a. Heavy RAN impact 
b. multi-cell scenario uncertainties 
c. Inefficient handling of radio resources 
4. Open issues
a. Conflict during resource booking for V2X services: a gNB along the trajectory is already fully booked and another request for booking arrives (overbooking vs. rejecting)
b. Conflict between V2X services with booked resources and non-V2X services requesting resources for a cell which the V2X UE has not yet reached
	
2.1.1	Resource reservation vs. QoS guarantee
Radio resource reservation may not always guarantee QoS. This depends on several factors, e.g., signal strength, modulation schemes, etc. For instance, for the same number of Physical Resource Blocks (PRB), the throughput that can be achieved depends substantially on signal strength. This is because higher order modulation that can yield higher bandwidth requires good signal strength. In addition, there are scenarios in which resource reservation would not help, for example, when an operator has weak (or no) coverage in a given area.
Observation 1: Resource reservation itself may not always be feasible and, when feasible, is not enough to guarantee QoS.
Given that resource reservation change is not equivalent to QoS change, Solution #26 does not address KI#15. This is because KI#15 requires notifications related to potential QoS changes.
Observation 2: Solution #26 does not fully address KI #15.
2.1.2	System complexity
As outlined in Table 1 in clause 2.2, Solution 26 has impacts on NWDAF, PCF, AMF and RAN. In particular, it requires the CN to coordinate with each gNB along the trajectory indicated by the application to pre-allocate resources.
2.1.3	RAN aspects
2.1.3.1	RAN impacts
Currently, in the 3GPP system radio resources are allocated at session establishment and session handover. With Solution 26 this principle would be changed and resources would need to be pre-allocated before the session establishment/handover takes place hence introducing additional complexity.
Observation 3: the resources pre-allocation before the sessions establishment/handover required by Solution 26 is inconsistent with the resources allocation at session establishment/handover.
2.1.3.2	Inapplicability to multi-cell scenario
A particular waypoint of a UE driving path may be served by more than 1 cell and handover is purely based on Signal Strength. Solution 26 does not take into account the scenario of overlapping cells. This may lead to reserving resources are at a wrong cell.
Observation 4: Solution #26 does not work correctly in case of overlapping cell coverage
2.1.3.3	Inefficient handling of radio resources
Until a PDU session is established, it is not possible to know how many radio bearers are set up as it purely depends on how much a RAN is loaded. Hence, excessive pre-booking can lead to unnecessary resource shortage.
In addition, if a (V2X) UE reaches a particular gNB at a later time than originally predicted, that gNB may end up locking resources unnecessarily while starving other (V2X) UEs. This also implies that every time a UE trajectory is updated the 5GS would need to re-run the radio resource booking mechanism.
Observation 5: Solution 26 is inefficient in terms of handling radio resources
2.1.2	Open issues
The following aspects related to Solution 26 need to be clarified:
1. Conflict during booking for V2X services: a gNB along the trajectory is already fully booked and another request for booking arrives (overbooking vs. rejecting).
2. Conflict between V2X services with booked resources and non-V2X services requesting resources for a cell which the V2X UE has not yet reached. Note that pre-emption to get the resources needed for V2X might not be allowed in certain countries or might not be desired by an operator.
2.2	Considerations on Solution 23
Solution #23 however makes use of logged measurement history that tends to vary in time and space domain to decide what could be an achievable bit rate or QoS at a given location. Solution #23 can still pin-point what could be a potential target cell at a given time of a day in case a given path segment is covered by more than one cell.
2.3	Solutions comparison
Table 1 outlines the main aspects of Solution 23 and Solution 26 from the viewpoint of their applicability to KI#15 and impacts on 5GS.
Table 1: Applicability of Solution #23 and Solution #26 to KI#15
	              
              Solutions
Aspects to 
Compare
	Solution #23
	Solution #26
	Considerations

	1. Does the solution define the required input to enable the assessment of a potential change in QoS in given areas by the 5GS?
	Yes. 
Required info:
· UE expected path (from UE/AF);
· The concerned QoS KPIs (from UE/AF) and critical thresholds;
· Statistic info on concerned KPIs along the UE expected path (from OAM);
· Optional 3rd party info (from AF);
(Ref. cl 6.23.2, steps 0a-c)
	Yes.
Required info:
· UE expected path (from UE/AF);
· UE required QoS (from UE/AF);
· Resource availability at RAN nodes covering the UE expected path (from all concerned RAN nodes). 
(Ref. cl 6.26.2.1, steps 1 and 2)
	[Consideration-1] 
Solution #26 shall imply RAN impact for the collection or required info.


	2. Does the solution define how 5GS determines that a notification about potential change in delivered QoS is necessary?
	Yes.
(Ref cl 6.23.2, step 3, 4)
	No. 
Only potential change to resource reservation is notified – but not potential change to QoS
(Ref cl. 6.26.2.1, step 3)
	[Consideration-2] 
Solution #26 does not include the definition of how 5GS determines potential QoS changes of a running eV2X service. It defines only how 5GS determines the availability of RAN resources along the expected path of the UE. 
[Consideration-3] 
Solution #26 assume the available radio resources can univocally provide indication of the provided QoS.

	3. Does the solution define how 5GS communicates the potential QoS change to the application in the AF and/or the UE?
	Yes.
(Ref cl 6.23.2, step 5).
	No.
(Ref cl 6.26.2.1, step 4)
	[Consideration-4] 
Solution #26 does not provide notification of potential QoS changes. It provides, at eV2X session establishment (or at any UE path change), indication to the V2X AS of the possible available radio resources along the path. The indication, sent from V2X AS to UE, expects an accept/reject decision from UE. 

	4. NWDAF impacts
	No. 
Collection of QoS KPIs from OAM and, optionally, 3rd party AF QoS related info.
(Existing mechanism as per 23.791).
	Yes.
Reception of booking request from V2XAS.
Mapping UE path – Cell IDs.
Issuing booking requests to concerned AMFs.
Sending of booking commit responses.
	[Consideration-5].
Solution #26 assumes functionalities of NWDAF not compliant NWDAF service exposure model as per TR23.791 assumption.  Solution #26 cannot be supported as per eNA R16 conclusions.

	5. PCF impacts
	Yes.
Reception of request for potential QoS change notification.
Retrieval from NWDAF of QoS KPI statics.
Notification to UE/AF of potential QoS changes.
	Yes.
Handling of tokens.
	[Consideration-6].
Solution #26 does not seem to be compliant with the SBI model. , e.g. V2X AS invokes NWDAF service, response comes from AMF.

	6. AMF impacts
	No.

	Yes.
Reception of booking request from NWDAF.
Translation into Booking request for concerned RAN nodes.
Sending of booking requests to concerned RAN nodes.
Reception of concerned RAN nodes booking responses.
Combination of RAN nodes booking responses into Booking commit.
Sending booking commit to V2X AS.
	

	7. RAN Impacts
	No.
No mandatory impacts, reuse existing mechanisms TS 36.300 clause 23.17.5
	Yes.
All RAN nodes involved in the expected UE path receive booking request.
RAN node to implement booking mechanisms.
	[Consideration-7].
For solution #26, it should be analysed how the booking mechanism (which might be vendor specific) can work in multivendor scenarios.


3. Conclusion and text proposal
As described in subclauses 2.1 and 2.3, Solution 26 may suffer from the following drawbacks:
1.	Resource reservation does not imply QoS guarantee
	Radio resource reservation does not always guarantee QoS. This depends on several factors, e.g., signal strength, modulation schemes, etc. For instance, the throughput that can be achieved depends substantially on signal strength. In addition, there are scenarios in which resource reservation would not help, for example, when an operator has weak coverage in a given area.
	As a consequence, Solution #26 may not be always feasible and, when feasible, does not address KI#15 that deals with notifications related to potential QoS changes. 
2.	System complexity
	Solution 26 has impacts on NWDAF, PCF, AMF and RAN. It requires the CN entities to coordinate with each gNB along the trajectory indicated by the application to pre-allocate resources.
3.	RAN aspects
a.	Heavy RAN impact
	In the 3GPP system radio resources are allocated at session establishment and session handover. With Solution 26 this principle is changed and resources is needed to be pre-allocated before the session establishment or handover takes place hence introducing additional complexity.
b.	multi-cell scenario uncertainties
	If a UE driving path is served by more than 1 cell and handover is purely based on signal strength Solution 26 does not take into account the scenario of overlapping cells. This may lead to reserving resources at a wrong cell.
c.	Inefficient handling of radio resources 
	Until a session is established, it is not possible to know how many radio bearers are set up as it purely depends on how much a RAN is loaded. Hence, excessive pre-booking can lead to unnecessary resource shortage.
	In addition, if a UE reaches a particular gNB at a later time than originally predicted, that gNB may end up locking resources unnecessarily while starving other UEs. This also implies that every time a UE trajectory is updated the 5GS would need to re-run the radio resource booking mechanism.
4.	Open issues
a.	Conflict during booking for V2X services in a case a gNB along the trajectory is already fully booked and another request for booking arrives (overbooking vs. rejecting).
b.	Conflict between V2X services with booked resources and non-V2X services requesting resources for a cell which the V2X UE has not yet reached. There may be cases in which pre-emption to get the resources needed for V2X is not allowed.
Given the above, this paper proposes to implement the following changes vs. TR 23.786:
START of 1st CHANGE
6.23.4	Evaluation
This solution fulfils all three the requirements as per Key Issue#15 (Enhancements to assist application adjustments for eV2X services, according to notifications about potential change in the delivered QoS). It defines 5GS enhancements to provide early notifications about potential change in the delivered QoS, necessary to assist application adjustments for eV2X services.
START of 2nd CHANGE
6.26.4	Topics for further studyEvaluation
Editor's note: This clause describes topics for further study.
Solution #26 does not address two of the three points listed in the KI #15. In particular, the solution does not include the definition of how 5GS determines potential QoS changes of a running eV2X service. It defines only how 5GS determines the availability of RAN resources along the expected path of the UE. It assumes that there is a need to forecast demand on network resources along a path. It provides notifications of change of resource reservation, but this does not imply it provides notifications of potential QoS changes. 
The solution may also suffer from the following issues:
1.	Resource reservation does not imply QoS guarantee
2.	System complexity
3.	RAN aspects
a.	Heavy RAN impact
b.	Inapplicability to the multi-cell scenario
c.	Inefficient handling of radio resources
END OF CHANGES
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