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5.5 Predictive QoS Areas of improvement
5GAA ([2], [3]) has defined requirements and mechanisms for the network and application to exchange information on predicted QoS changes, in order to enable application adaptation in reaction when such information is received from the network. 5GAA has defined the message provided by the network containing the QoS prediction information as “In-advance QoS Notification (IQN)”. Such message is generated by a Prediction Function (PF) and delivered to an IQN Consumer which consumes the IQN performing or initiating the reaction/adaptation. The entity that delivers the IQN to the IQN Consumer is defined as the IQN Producer.
Following to 5GAA requirements, 3GPP has defined a solution in Rel-16 for application adjustment in case of notification on QoS Sustainability Analytics received from the 5GS [4], [5]. Such solution enables an Application Function (AF) to receive information about potential QoS change from 5GS. The procedure for notification on QoS Sustainability Analytics to the V2X Application Server is defined in [4]. In such procedure the AF is a V2X Application Server that can initiate application adjustment when receiving a notification on QoS Sustainability Analytics from 5GS. 
The following sections provide a description of the identified gaps between 5GAA-defined requirements [2] and the current 3GPP Rel-16 solution [4], [5]. Those gaps are addressed as areas of improvement for the 3GPP Rel-16 solution.
5.5.1 Scope alignment
Before proceeding with the analysis it is required to consider the difference in scope between 5GAA requirements and 3GPP Rel-16 solution. 5GAA [2] has covered requirements and mechanisms for both application-level (End-to-End scope) and network-level (3GPP System scope) prediction. 5GAA has also considered that PF could be located both in the OTT and in the 3GPP network and discussed about advantages and limitations of both approaches [3]. Recent contributions also introduced the possibility for an additional PF in the UE to complement a PF in the 3GPP network [6]. 3GPP Rel-16 solution falls in the case of network-level prediction with PF located in the 3GPP network. Specifically, in 3GPP Rel-16, PF functionality is covered by the Network and Data Analytics Function (NWDAF).
5.5.2 Architecture considerations
For network-level prediction, 5GAA [2] has considered the following delivery options that determine the location of the IQN Producer according to the selected IQN Consumer (V2X Application or V2X AS):
Table 5.5-1 – 5GAA identified delivery principles, according to IQN Consumers and Producers
	Option
	IQN Consumer
	IQN Producer
	Reference point
	Protocol
	Notes
	Rel-16 Support

	1
	V2X Application (via the UE)
	AMF/SMF/PCF(1)
	N1
	NAS
	Under critical radio conditions which may impact radio resource availability for PDU Session, IQN may still be delivered even when user plane resources have been removed from the PDU Session.
	Not supported

	2
	V2X Application (via the UE)
	RAN
	Uu
	RRC
	Under critical radio conditions which may impact radio resource availability for PDU Session, IQN may still be delivered even when user plane resources have been removed from the PDU Session.
	Not supported

	3
	V2X Application (via VAE layer)
	AMF/SMF/PCF / NWDAF
	V1-AE, Vc
	SBI/HTTP
	V1-AE is the reference point between the VAE server and the VAE client. Vc is the reference point between the VAE client and the V2X application specific client.
	VAE layer for 5GS not available in Rel-16.

	4
	V2X Application Server (V2X AS)
	NEF(2)
	N33 (Nnef)
	SBI/HTTP
	N33 is the reference point between NEF and AF (V2X AS).
	Supported

	5
	V2X Application Server (via VAE layer)
	AMF/SMF/PCF / NWDAF
	Vs
	SBI/HTTP
	Vs is the reference point between the VAE layer and the V2X application specific server
	VAE layer for 5GS not available in Rel-16.



(1) NAS is the protocol used in the 5GS reference point N1 between UE and 5G Core Network control-plane functions. 5GAA [2] did not specify which NF should be identified as IQN Producer in case NAS is used to deliver IQN. According to the 5G System Architecture, the NFs: AMF, SMF and PCF are candidate options because they are involved in Session Management procedures. Later 3GPP introduced [10] an improved Notification Control procedure where in case of unfulfilment of the QoS flow NG-RAN includes more information in the message that is sent towards SMF as specified by [10] in Section 5.7.2.4 where NAS signalling is used to inform the UE about potential changes in the QoS parameters (i.e., 5QI, GFBR, MFBR) that the NG-RAN is currently fulfilling for the QoS Flow. This mechanism is already used for V2X Application adaptation as specified in Section 5.4.5.3 of [4] “QoS Change based on Extended NG-RAN Notification to support Alternative Service Requirements”. A possibility to enable potential QoS change notification to the UE is the usage of the already existing (or modified) Notification Control procedure where the notification itself is triggered by the prediction of a potential QoS change instead of a QoS change that has already happened. Further studies would be required to analyze the implications and impact on NAS signaling due to this extension of notification control procedure.
(2) 5GAA [2] included also the possibility for PCF to deliver IQN according to N5 (Npcf). However this option has been excluded by 3GPP and is not listed in the table above, since the prediction functionality has now been included in NWDAF.
In 3GPP Rel-16 solution, Options 1 and 2 are not supported, while Option 3 is implemented with PF located in the NWDAF and prediction information by means of QoS Sustainability Analytics being delivered by NWDAF via NEF to AF (V2X AS). In 3GPP Rel-16 Solution 5GS cannot deliver the prediction information directly to the vehicle (UE or V2X Application). The delivery to the vehicle (V2X application) can happen via the V2X AS that is out of 3GPP scope.
According to [2] the ultimate intended recipient of the IQN and the entity supposed to react in the vehicle is the V2X Application in the UE [2]. Therefore when the IQN Consumer is the V2X Application both IQN Producer and IQN Consumer fall outside the 3GPP network, being the IQN Producer the AF (V2X AS). As a consequence, no applicable 3GPP standard interface is available for IQN delivery to the vehicle according to current 3GPP Rel-16 solution. There is the V1 the reference point between the V2X Application in the UE and in the V2X Application Server in TS 23.287, but this reference point is out of scope of 3GPP. 
In summary, according to current 3GPP Rel-16 solution, IQN delivery from the V2X AS to the V2X Application in the vehicle is out of scope of 3GPP specifications, i.e. there is no applicable 3GPP standard interface for IQN delivery to the vehicle.
It can be assumed that this approach is good enough when time horizons for the prediction are in the order of a few minutes or higher, while for time horizons in the order of few seconds other mechanisms such as the one described in Option 1 could be evaluated as they could potentially perform better under critical radio conditions.
Furthermore, as reflected in options 3 and 5, the exploitation of VAE layer can be considered as a standardized method defined by 3GPP for IQN delivery to V2X application layer.
In option 3, eNESQO has considered the exploitation of VAE layer for prediction delivery from VAE server towards the V2X application server side. In option 5, eNESQO has considered possible enhancements for the exploitation of VAE layer to deliver prediction towards the V2X application client side. To this aim, options 4 and 5 could be further evaluated during Rel-17 3GPP work.
Area of Improvement 1 - The following area of improvement has been identified:
3GPP Rel-16 Solution does not currently enable delivery of potential QoS change notification to the vehicle for UE-side application adaptation. 3GPP Rel-16 Solution supports notification of potential QoS change to the V2S AS, which may share the potential QoS change notification with the UE-side of the application using user-plane which is not a 3GPP-standardized interface. Potential improvements for future 3GPP consideration include delivery of potential QoS change notification to the vehicle (UE-side) for application adaptation according to the following options:
· The usage of a modified extended NG-RAN Notification as specified by [10] in Section 5.7.2.4 and [4] Section 5.4.5.3 where NAS signalling is used to inform the UE about potential changes in the QoS parameters (i.e., 5QI, GFBR, MFBR) that the NG-RAN is currently fulfilling for the QoS Flow, where the notification to the UE is not triggered by a QoS change that has already happened but by a prediction of a potential QoS change (Option 1 of table 5.5-1).
· The usage of VAE layer to deliver prediction towards the V2X application client side (Option 3 of table 5.5-1).
5.5.3 Considerations on supported KPIs
In the case of network-level prediction with PF located in the 3GPP network, 5GAA [2] has defined requirements in terms of KPIs that should be supported for QoS prediction. Those KPIs are summarized in Table 2, together with current status of support in current 3GPP Rel-16 solution.
Table 5.5-2 – KPIs required for QoS prediction by NESQO/eNESQO, corresponding measurement point in the 3GPP Rel-16 solution and support for prediction.
	End-to-End QoS KPI according to 5GAA requirements
	3GPP Rel-16 corresponding Measurement Point(s) (QoS characteristic, QoS parameter or UP connection state)
	3GPP Rel-16  Measurement Point Applicability (either QoS Flow or PDU Session)
	3GPP Rel-16 QoS Flow type Applicability
	3GPP Rel-16 Support for Prediction 

	Latency
	PDB (QoS characteristic)
	QoS Flow
	GBR or Non-GBR QoS Flow
	No (2)

	Packet Delivery Ratio
	PER (QoS characteristic)
	QoS Flow
	GBR or Non-GBR QoS Flow
	No (2)

	Uplink Throughput
	· Minimum required uplink bitrate for a GBR QoS Flow: UL GFBR (QoS parameter)
· Maximum required uplink bitrate for a GBR QoS Flow: UL MFBR (QoS parameter)
	QoS Flow 
	GBR or Non-GBR QoS Flow 
	Yes, partially (1)

	Downlink Throughput
	· Minimum required downlink bitrate for a GBR QoS Flow: DL GFBR (QoS parameter)
· Maximum required downlink bitrate for a GBR QoS Flow: DL MFBR (QoS parameter)
	QoS Flow 
	GBR or Non-GBR QoS Flow only
	Yes, partially (1) 

	Coverage/Capability (e.g. Connectivity Service Status) 
	UP connection state (active or inactive)
	PDU Session
	N/A
	No (3)



(1) According to [5] Reporting Threshold(s) indicate conditions on the level to be reached for the reporting of the analytics, i.e. to discretize the output analytics and to trigger the notification. The level(s) relate to the QoS KPIs, i.e. the RAN UE Throughput, the QoS Flow Retainability, etc., for the relevant 5QI(s) defined in TS 28.554 [10]. 
[5]  includes support for prediction only for RAN UE Throughput in case of non-GBR QoS flows. RAN UE Throughput is defined as “Average UE bitrate in the cell (Payload data volume on RLC level per elapsed time unit on the air interface, for transfers restricted by the air interface), per timeslot, per cell, per 5QI and per S-NSSAI”. Prediction for end-to-end throughput as suggested in [2] Section 6.4 is not currently supported in [5]. “End-to-end” has to be considered according to measurement points available in the 3GPP System, e.g. IP, PDCP or SDAP level. 
(2) Although in [5] Section 6.9.1 it is possible to include as QoS requirements PDB and PER in the Analytics Request or Subscription, it is not possible to apply Reporting Threshold(s) to those KPIs. Also [5] did not identify any OAM parameter in TS 28.554 [10] as input data to provide predictions on PDB or PER.
(3) UP connection state has been indicated by NESQO as a possible QoS KPI to be used to provide coverage/service capability information. Coverage/Capability is to be intended as an indication of the availability/unavailability of the connectivity service required by the application. Potentially alternative ways could be defined in order to provide the consumer information about Coverage/Capability prediction.
According to 3GPP TS 23.501, services using Non-GBR QoS Flows should be prepared to experience congestion-related packet drops and delays. Also, as the NESQO identified use cases are sensitive to both throughput and latency variation, it is expected that they will be mapped on GBR or Delay-critical GBR use cases. Therefore GBR QoS Flow prediction has to be prioritized over non-GBR QoS Flow prediction.
Area of Improvement 2 – The following area of improvement has been identified:
 3GPP Rel-16 Solution does not specify prediction for the following End-to-end KPIs:
· Latency for GBR or Non-GBR QoS Flows;
· Packet Delivery Ratio for GBR or Non-GBR QoS Flows;
· Uplink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows); 
· Downlink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows);
· Coverage and Capability.

It has to be noted that:
· “End-to-end” has to be considered considering measurement points available in the 3GPP System.
· For GBR QoS Flows, as long as the GBR is guaranteed, the QoS KPIs latency, packet delivery ratio, uplink throughput and downlink throughput are also guaranteed by the network. As current 3GPP Rel-16 Solution supports the prediction of the QoS Flow Retainability KPI for GBR QoS Flows, the consumer does not need a prediction for the above mentioned KPIs for the time intervals for which the GBR is predicted to be guaranteed. A prediction of the above mentioned KPIs could be relevant for the time intervals for which it is predicted that GBR may not be guaranteed. This would enable the consumer to know more about the type of potential QoS change that may occur.
Due to the nature of V2X services, it is expected that GBR QoS Flow prediction has to be prioritized over Non-GBR QoS Flow prediction.
5.5.4 Other aspects
5GAA [2] has described the content that should be included in the IQN (See [2] Section 6.3.1). In the case of network-level prediction with PF located in the 3GPP network, such content may include the QoS KPI value, which can be either an average value, a median value, a range or Cumulative Distribution Function (CDF). [5] does not support the possibility to include the QoS KPI value in the analytics response or notification. However the NF Consumer may specify one or more threshold(s) and NWDAF can include in the response or notification which of the threshold(s) are predicted to be crossed. A notification mechanism based on configurable thresholds has the advantage to minimize the signalling due to excessive number of notifications. However it could be explored if V2X application layer may require also a different type of reporting which includes more information on the KPI.
Area of improvement 3 – The following area of improvement has been identified:
3GPP Rel-16 Solution supports including in the notification to the consumer the prediction of the range for the QoS KPI in question according to a predefined set of thresholds, but not of the actual value of the KPI (either average or median or the CDF). While this has the advantage to minimize signalling notifications, it could be explored if it is possible to include more information on the KPI.
5GAA [2] has identified different Information Categories that could be used for QoS Prediction, which includes vehicle information and client performance measurement, RAN and CN information, third party information such as weather, coverage maps, road traffic, etc. Such Information Categories have also been detailed with examples (See [2] Section 6.2). Although 5GAA has not provided a comprehensive list of use cases where those Information Categories could be used for QoS Prediction, it has provided details [3] on how some of this information can be utilized to make application-level QoS predictions. Current 3GPP Rel-16 Solution can use only OAM data as input data for prediction. While adding additional inputs to the PF does not configure automatically as an improved functionality for the consumer, it could be explored how the additional inputs could be used to further improve the quality of the prediction. Quality improvements could be related to the granularity of the prediction (as described below in area of improvement 5), earlier detection of potential QoS changes (as described in the area of improvement 6) as well as better accuracy and/or lower number of cases of prediction mismatch.
Area of improvement 4 – The following area of improvement has been identified:
3GPP Rel-16 Solution supports prediction notifications based on input data collected from OAM. Other input data such as those from application layer (vehicle/server), RAN, CN NF and third party could also be used for generating prediction notifications and their usage could be investigated in order to increase the quality of the prediction.
It shall be reminded that IQN notifications may have real impact on the driving behaviour of a vehicle. As an example, if an IQN related to a potential QoS deterioration is received by a Tele Operated vehicle, the V2X Application  in the vehicle may have to reduce speed (sometimes even abruptly, depending on driving conditions), change lane, initiate a detour or take it to a complete stop in order to preserve safety. Depending on the current speed of the vehicle, the quality of driving experience may be seriously affected. If the network detects a potential QoS change that may affect a specific location, for a specific service and within a specific time window, it does not automatically mean that all the UEs in that location accessing that specific service (and in that time window) may equally be affected. There could be factors that may impact the actual QoS that is delivered to a PDU Session of a UE so that different UEs may actually experience very different QoS. Some of those factors include the subscription configuration, terminal specific capabilities (e.g. supported RAT types or number of antennas), the S-NSSAI. The network shall take such information into account when generating IQNs, otherwise there is a risk that some UEs may receive a notification of potential QoS notification while their probability to actually experience the QoS change is considerably lower. As explained above, the network shall try to avoid that such type of events arise. 
For these reasons, 5GAA [2] defined IQN as related to specifics of the UE and PDU Session or QoS Flow, and included in its content the relevant PDU Session Id and QoS Flow Id. Therefore, according to 5GAA, IQN is specific for a PDU Session or a QoS Flow. IQN does not provide QoS information that relates generically to a region of the network and a specific time interval.
In 3GPP Rel-16 Solution, prediction on the specific QoS KPI requested by the consumer can be requested (or subscribed to) according to Analytics Filter Information that includes the specific QoS requirements for which the prediction is requested. QoS requirements include 5QI (standardized or pre-configured), and applicable additional QoS parameters and the corresponding values (conditional, i.e. it is needed for GBR 5QIs to know the GFBR) or the QoS Characteristics attributes PDB, PER and their values. For example, consumer can request a prediction for the throughput of a Standardized 5QI=79 (V2X messages) which is a non-GBR 5QI. Consumer may also optionally include the S-NSSAI in the Analytics Filter Information.
Input data from OAM [7] used for QoS sustainability analytics are currently RAN UE Throughput and QoS flow Retainability. Such data are collected in the area of interest format (TAIs or Cell IDs) which is understandable by NWDAF and, as a result, cannot be differentiated according to UE characteristics, PDU Session characteristics, subscription characteristics, etc. Therefore NWDAF can only make predictions that relate to area (cell)-level.  NWDAF does not collect information that allows to generate UE-level, PDU Session-level and QoS Flow-level predictions. This means that for UEs located in the same cell and experiencing the same service (e.g. 5QI= 79 for V2X messages) NWDAF is only able to make average predictions of the relevant KPI which cannot take into account the specific context of the UE, such as subscription (e.g. silver, bronze, gold), terminal capabilities (such as RAT-type, number of antennas), etc. This is simply because the collected information from OAM does not include any of those dimensions. For this reason it is possible to conclude that 3GPP Rel-16 Solution does not support UE-level predictions.
It has to be noted that predictions are based on collected data. Independently of the notification mechanism (e.g. individual notifications such as per UE/PDU Session/QoS Flow or group notifications) it is expected that the PF predictions will not be generated individually but in general for a group of UEs, PDU Sessions or QoS Flows that falls into specific criteria, depending on the dimensions that are available on the collected data. For example, if collected data may be differentiated according to RAT type and subscription type, prediction will be applicable for the group of UEs, PDU Sessions or QoS Flows that match that specific RAT type and subscription type.
3GPP Rel-16 solution, as it does not support UE-level predictions, cannot either support PDU Session-level or QoS Flow-level predictions which are even more fine-grained in terms of granularity. The QoS Flow granularity is reflected in the 3GPP Rel-16 solution as the consumer may specify the 5QI in the request or subscription for the analytics. However, the solution cannot provide notifications with different predictions for QoS Flows with the same 5QIs of two different UEs which are under different capabilities, network and subscription conditions regardless of whether there may be situations in which those QoS Flows may experience very different QoS, due to those different conditions. Therefore we conclude that predictions provided by 3GPP Rel-16 solution cannot be specific for a PDU Session Id or a QoS Flow Id.
At the same time, moving towards a finer granularity, as predictions are based on collected statistics it is important that operators make sure the measurement data set is still large enough to provide meaningful results. This may not be a trivial task when finer granularity is achieved by adding more dimensions in the analytics filters.
Area of improvement 5 – The following area of improvement has been identified:
3GPP Rel-16 Solution supports predictions on group of UEs, PDU Sessions and QoS Flows with the granularity of 5QI, location and S-NSSAI.  Predictions provided by 3GPP Rel-16 solution currently cannot be specific for a PDU Session Id or a QoS Flow Id. The granularity of 5QI, although it is supported, is to be intended as an average value for that 5QI computed in the location of interest and not for a specific QoS Flow identified by that 5QI in a UE’s PDU Session. Finer granularity in determining the group of UEs, PDU Sessions and QoS Flows for which the prediction is applicable could be achieved if further dimensions can be added to the data that is collected, potentially also exploiting additional input data sources. 
5GAA [2] defined IQN content and includes the IQN Notice Period which is defined as follows: “The time period indicating how long in advance the IQN Consumer expects to receive an IQN”. How long in advance relates to the specific time when the QoS may actually change. The IQN Notice Period depends on the time that the consumer needs in order to implement the proper reactions in preparation for the potential QoS change that is predicted to happen in the near future. Such time is use case dependent because the consumer may implement different reactions depending on which QoS change is predicted.
IQN Notice Period introduces a time requirement for the delivery of the IQN. This time requirement is use case-specific. Any prediction that cannot be delivered before the IQN Notice Period should be dropped and not delivered in an IQN because it would not be delivered on time to the consumer in order to be useful for application adaptation. This could happen because the application adaptation requires a certain time to be initiated and completed. This means that when the KPI is predicted to go below a certain threshold, the consumer needs to be notified in-advance by at least the IQN Notice Period. The consumer needs to provide the requested notice period for the prediction to the entity that is supposed to send the notification, so that the Prediction Function can tune when to trigger the sending of the notification. The 3GPP Rel-16 Solution does not provide support for an NF consumer to specify a notice period, or a time by when the prediction is to be received by the NF consumer. However 3GPP Rel-16 Solution has specified a parameter for NWDAF in the Analytics Reporting Information, the “Time when analytics information is needed” as follows: If the time is reached the consumer does not need to wait for the analytics information any longer, yet the NWDAF may send an error response to the consumer, applicable to Nnwdaf_AnalyticsInfo_Request service operation. This parameter does not apply to the QoS Sustainability Analytics. It could be explored if this parameter could be applicable for the QoS Sustainability Analytics and if it could be used in place of the IQN Notice Period.
Area of improvement 6 – The following area of improvement has been identified:
3GPP Rel-16 Solution does not provide support for an NF consumer to specify a notice period, or a time by when the prediction notification is to be received by the NF consumer in relation to the time when the potential QoS change event is predicted. 
5.5.5 Summary
With respect to the 5GAA requirements, 3GPP Rel-16 solution supports network-level prediction where predictive functionality is located in NWDAF.
According to current 3GPP Rel-16 solution, IQN delivery from the V2X AS to the V2X Application in the vehicle is out of scope of 3GPP specifications, i.e. there is no applicable 3GPP standard interface for IQN delivery to the vehicle. However, 3GPP Rel-16 solution defines interface and procedures for IQN delivery from the 5GS to the V2X AS.
From an analysis of current 3GPP Rel-16 Solution with respect to 5GAA requirements, the following Table 3 summarizes the areas of improvement that have been identified.
Table 5.5-3 – Summary of identified areas of improvement for 3GPP Rel-16 Solution
	Number
	Area of Improvement Description

	1
	3GPP Rel-16 Solution does not currently enable delivery of potential QoS change notification to the vehicle for UE-side application adaptation. 3GPP Rel-16 Solution supports notification of potential QoS change to the V2S AS, which may share the potential QoS change notification with the UE-side of the application using user-plane which is not a 3GPP-standardized interface. Potential improvements for future 3GPP consideration include delivery of potential QoS change notification to the vehicle (UE-side) for application adaptation according to the following options:
· The usage of a modified extended NG-RAN Notification as specified by [10] in Section 5.7.2.4 and [4] Section 5.4.5.3 where NAS signalling is used to inform the UE about potential changes in the QoS parameters (i.e., 5QI, GFBR, MFBR) that the NG-RAN is currently fulfilling for the QoS Flow, where the notification to the UE is not triggered by a QoS change that has already happened but by a prediction of a potential QoS change (Option 1 of table 5.5-1).
· The usage of VAE layer to deliver prediction towards the V2X application client side (Option 3 of table 5.5-1).

	2
	The following area of improvement has been identified:
 3GPP Rel-16 Solution does not specify prediction for the following End-to-end KPIs:
· Latency for GBR or Non-GBR QoS Flows;
· Packet Delivery Ratio for GBR or Non-GBR QoS Flows;
· Uplink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows); 
· Downlink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows);
· Coverage and Capability.

It has to be noted that:
· “End-to-end” has to be considered considering measurement points available in the 3GPP System.
· For GBR QoS Flows, as long as the GBR is guaranteed, the QoS KPIs latency, packet delivery ratio, uplink throughput and downlink throughput are also guaranteed by the network. As current 3GPP Rel-16 Solution supports the prediction of the QoS Flow Retainability KPI for GBR QoS Flows, the consumer does not need a prediction for the above mentioned KPIs for the time intervals for which the GBR is predicted to be guaranteed. A prediction of the above mentioned KPIs could be relevant for the time intervals for which it is predicted that GBR may not be guaranteed. This would enable the consumer to know more about the type of potential QoS change that may occur.
Due to the nature of V2X services, it is expected that GBR QoS Flow prediction has to be prioritized over Non-GBR QoS Flow prediction.

	3
	
3GPP Rel-16 Solution supports including in the notification to the consumer the prediction of the range for the QoS KPI in question according to a predefined set of thresholds, but not of the actual value of the KPI (either average or median or the CDF). While this has the advantage to minimize signalling notifications, it could be explored if it is possible to include more information on the KPI.


	4
	3GPP Rel-16 Solution supports prediction notifications based on input data collected from OAM. Other input data such as those from application layer (vehicle/server), RAN, CN NF and third party could also be used for generating prediction notifications and their usage could be investigated in order to increase the quality of the prediction.

	5
	3GPP Rel-16 Solution supports predictions on group of UEs, PDU Sessions and QoS Flows with the granularity of 5QI, location and S-NSSAI.  Predictions provided by 3GPP Rel-16 solution currently cannot be specific for a PDU Session Id or a QoS Flow Id. The granularity of 5QI, although it is supported, is to be intended as an average value for that 5QI computed in the location of interest and not for a specific QoS Flow identified by that 5QI in a UE’s PDU Session. Finer granularity in determining the group of UEs, PDU Sessions and QoS Flows for which the prediction is applicable could be achieved if further dimensions can be added to the data that is collected, potentially also exploiting additional input data sources. 

	6
	3GPP Rel-16 Solution does not provide support for an NF consumer to specify a notice period, or a time by when the prediction notification is to be received by the NF consumer in relation to the time when the potential QoS change event is predicted. 



*** End of changes to Section 5 of eNESQO TR ***
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