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Introduction
In this paper we discuss the enhancements of RAN visible QoE measurement and reporting, based on the following agreements and TBCs from the RAN3#117-e: 
Definition of RVQoE value needs cooperation with SA4.
RAN3 to further discuss what RAN3 wants as a RAN visible QoE value, and the following aspects can be considered:
· whether RAN visible QoE value is calculated by one or more RAN visible QoE metrics
· whether RAN visible QoE value is similar or different from MOS value defined in TS 26.909
· other alternatives to define the RAN visible QoE value.
UE should include QoS flow information in the RVQoE report to RAN.
QoS flow information should be introduced as an explicit IE in the RAN visible QoE report over F1.
RAN3 to further discuss whether RAN visible QoE value should be generated directly by UE App layer, and/or with other involvement, e.g., UE AS layer.
RAN3 to further discuss threshold-based triggers and event-based triggers for RAN visible QoE report, where the discussion should include but not limited to the clarification of the benefit of such triggers. 
Further discuss whether the DU can activate/deactivate receiving the RAN visible QoE reports? Whether the DU can participate in assembling of RAN visible QoE configuration.

Discussion
In the following sections we discuss the enhancements to RVQoE measurement configuration and reporting, based on the above agreements and TBCs.

Activation/deactivation of RVQoE reporting over F1AP
In Rel-17, the F1AP QoE Information Transfer procedure was specified, to transfer the RVQoE metrics from the CU (that receives the RVQoE reports from the UEs) to the DU (which can use it for optimization). Moreover, the following TBC was captured in the RAN3#117-e notes:
Further discuss whether the DU can activate/deactivate receiving the RAN visible QoE reports? Whether the DU can participate in assembling of RAN visible QoE configuration.
We see a potential problem with the fact that the DU has no say in whether it is interested in receiving the RVQoE reports or not. The information is just sent from the CU, and, if not used by the DU, it can be discarded. In a situation where the DU receives RVQoE reports from potentially tens or hundreds of UEs with a short periodicity (if we consider the minimum periodicity of 120 ms), this may incur a substantial signalling and processing load, not to mention that feeding a node with potentially unwanted information is not technically sound.
Observation 1: According to the Rel-17 specifications, the DU has no say in whether it is interested in receiving the RVQoE reports or not. 
We think that the DU should be able to activate/deactivate the reception of RVQoE reports, and this can be enabled, e.g., by introducing a class-2 F1AP procedure. 
In the current specifications there are more than a few examples of procedures where a node can subscribe to receiving certain information from another node. One example is the existing mechanism specified for Mobility Load Balancing over F1. For Load Balancing, it is the CU that requests the DU to send load metrics updates, according to a configured periodicity. To realize this, the CU uses a class-1 procedure (Resource Status Reporting Initiation) to start and stop the request for updates, and DU uses a class-2 procedure (Resource Status Reporting) to send the updates of load metrics.
Another enhancement that seems needed is related to the assembling of RVQoE measurement configuration. Given that the optimization of DU-based functionalities was one of the main reasons for introducing, not only the F1AP QoE Information Transfer procedure, but the entire RVQoE concept, it seems reasonable to enable the DU to participate in or affect the assembling of RVQoE measurement configuration. Interestingly, the Rel-17 specifications do not allow the DU to participate in assembling the RVQoE measurement configuration.
Observation 2: Even though the DU can be a consumer of RVQoE reports, according to the Rel-17 specifications, the DU has no say in setting the RVQoE measurement configuration. 
We think that the DU should have a say in assembling the RVQoE measurement configuration. Since a DU does not know if there are UEs which the CU has configured for RVQoE, the DU does not know if/when RVQoE metrics will be available. Therefore, the CU can initiate a class-1 procedure to indicate to the DU that the RVQoE metrics are available for a UE. The DU can respond, indicating its interest or a lack of it. In the former case, the DU can also suggest a RVQoE configuration. The CU should maintain the control of the “final” RVQoE configuration to be sent to a UE. However, this does not prevent the possibility of a DU to propose some configuration parameter, that the CU can accept or not. For example, a DU can propose a certain periodicity in the reporting, or which metrics is interested to receive. 
Proposal 1: A DU can activate and deactivate the reporting of RVQoE metrics from CU to DU. Procedure details are FFS.
Proposal 2: A CU can notify a DU when RVQoE metrics are available, and the DU can suggest to the CU the parameters to be used in the RVQoE configuration, or indicate that it is not interested in RVQoE measurements for the UE.

QoE events for RVQoE values
At the RAN3#117-e meeting, the following agreements TBCs related to RVQoE values were captured:
Definition of RVQoE value needs cooperation with SA4.
RAN3 to further discuss whether RAN visible QoE value should be generated directly by UE App layer, and/or with other involvement, e.g., UE AS layer.
RAN3 to further discuss what RAN3 wants as a RAN visible QoE value, and the following aspects can be considered:
· whether RAN visible QoE value is calculated by one or more RAN visible QoE metrics
· whether RAN visible QoE value is similar or different from MOS value defined in TS 26.909
· other alternatives to define the RAN visible QoE value.
Considering previous discussions on possible definitions for a RVQoE value, our understanding is that RVQoE metrics are building blocks for deriving RVQoE values, where a RVQoE value preferably: 
1) Has a definition that is simple and network-, UE- and application vendor-agnostic.
2) Quantifies the QoE in a manner more compact than one (or potentially more) RVQoE metrics.
3) Adds extra informational content compared to one (or potentially more) RVQoE metrics.
We propose to define a RVQoE value as a value (or as a set of values) associated to a new type of event, an event based on RVQoE metric(s), in a similar way as radio related events (e.g., A3, A2, etc.) are defined based on coverage levels. For simplicity, we can call this type of events QoE-events.
For example, a QoE-event E1 is defined with a condition on buffer level, e.g. (buffer level < threshold), and the threshold can be configured by the RAN. When the QoE-event E1 is triggered, the buffer level (and potentially other RVQoE metrics as well) can be reported. In the simplest of scenarios, the RVQoE value can be the value of the buffer level when E1 is triggered. RAN3 can also consider adding complementary information to the RVQoE, for example: 
RVQoE value for event E1 = {buffer level, timestamp, number of video stalling events from the time of last RVQoE reporting}
Since the RAN is the consumer of RVQoE values, the RAN can configures a UE and obtain from the UE one or more RVQoE values. For instance, in one case (e.g., for one specific user or for type of service) the RAN can be interested to optimize scheduler behaviour when buffer level < 50 ms, and, in another case the RAN can be interested to check when buffer level < 500 ms. To achieve this, the RAN configures the threshold for the QoE-event (50 ms or 500 ms), and later receives the RVQoE values.
Proposal 3: An RVQoE value can be associated to a QoE-event. 
Proposal 4: The RAN can configure the criteria for a QoE event, where the criteria can be based on the values of one or more RVQoE metrics.
Proposal 5: An RVQoE value is a value or set of values reported when a QoE-event is fulfilled.
Another issue is whether an RVQoE value is only derived at UE App Layer, or other entities can play a role, such as the UE AS or the RAN. 
The UE AS could add some information that would be beneficial for RAN when received together with RVQoE metrics. For instance, radio measurements collected at the time the QoE-event is triggered can provide RAN with a better view of the situation and an AS event could, e.g., be when a measured value of a radio related measurement exceeds some threshold. For example:
RVQoE value for event E2 = {RSRP value, buffer level, timestamp}
Details on how the UE AS can contribute to RVQoE values can be left for FFS.
Proposal 6: An RVQoE value can contain information provided by the UE Application Layer and the UE AS layer.

Triggers for RVQoE reporting 
A RAN3#117-e related to triggers for RVQoE reporting states:
RAN3 to further discuss threshold-based triggers and event-based triggers for RAN visible QoE report, where the discussion should include but not limited to the clarification of the benefit of such triggers. 
As of now, if a gNB wants to collect RVQoE metrics more often than the corresponding QoE metrics are collected, it has the possibility to configure a UE for reporting RVQoE with a dedicated periodicity. However, the results of RVQoE measurements when the measured values are “good” may not always be interesting for network optimization, as they may not necessarily lead to any action by the network. Hence, it seems beneficial to introduce a possibility of triggering RVQoE reporting only when this is really needed.
In Rel-17, RVQoE metrics for DASH streaming and VR services were specified, namely Buffer Level and Playout Delay for Media Startup. Low measured values of Buffer Level and high values of Playout Delay for Media Startup may be clear indicators of an imminent deterioration of user experience. Therefore, it seems reasonable to use the measured values of RVQoE metrics as triggers for RVQoE reporting.
On the other hand, one of the motivations for introducing RVQoE is to enable evaluation of network performance upon certain events, one prominent example being the handover. This means that network events, such as handover, can be used as triggers for RVQoE reporting. For example, when a mobility event is fulfilled (e.g., A3), a gNB can request the UE to report one or more RVQoE metrics, such as buffer level, and use this report to decide which settings to use for the HO of that UE that is about to take place. If the application buffer level indicates that the data stored at the buffer could be consumed during a normal HO without causing the video to stall, the gNB can configure the UE with a legacy HO. On the other hand, if the buffer level is low, the RAN node may configure DAPS HO, to avoid the radio link failure. 
In addition, when a mobility event is concluded successfully, the UE can report in a Successful Handover Report one or more RVQoE metrics (or an RVQoE value). The SHR, once forwarded to the source node, can be used by the source node for mobility optimization.
The HO is one of the most obvious candidates for a trigger, but likely not the only one. Other candidates to be considered may include RAN overload and video stalling. Given that the MBS session may be ongoing in RRC_INACTIVE and RRC_IDLE, the RRC state transitions could also be considered as the triggers for RVQoE reporting.
We note that some of the mentioned event-based triggers are both determined and evaluated by the RAN (and not by the UE). One example of such a trigger event is overload at the RAN, which is visible to the RAN but not necessarily to the UE. 
Proposal 7: RAN3 to consider triggers for RVQoE reporting that are evaluated at the UE and the triggers that are evaluated at the RAN.
Proposal 8: RAN3 to consider the following triggers for RVQoE reporting:
· Threshold-based trigger: application layer buffer level threshold.
· Event-based triggers: handover, RAN overload, RRC state transition, video stalling.
In case the UE was configured with multiple threshold- and/or event-based triggers, the consumer of the RVQoE report needs to know which of the triggers caused the sending of the RVQoE report.
Proposal 9: The can UE report the RVQoE and indicate the trigger that caused the reporting.

Per-slice RVQoE
At the RAN3#117-e meeting, it was agreed to send an LS to SA4 in R3-225227, requesting SA4 to introduce slice scope information in QoE configuration container. 
It is clear then that support for per-slice QoE is perceived by RAN3 as an important piece to support QMC functionality. If this is the case for “legacy” QoE, for which RAN has very little control and of which it the RAN is not a consumer, we understand that support of per-slice RVQoE should be at least equally important (if not more), considering that the RAN is the consumer of RVQoE.
For instance, a gNB can optimize the resources allocated for a certain user, considering, among other things, the S-NSSAIs that the UE is using. To support the optimization based on the received RVQoE measurement, it is beneficial for a gNB to associate certain RVQoE measurements to a certain S-NSSAI. Hence, the following enhancements are needed:
· For RVQoE configuration: 
· On Uu: enabling the gNB to configure the UE to report the S-NSSAI as a part of, or together with, RVQoE reports. 
· For RVQoE reporting:
· On Uu: including the S-NSSAI information inside the RVQoE report or sending it together with the RVQoE report.
· On F1AP: adding the S-NSSAI information to the existing F1AP QOE INFORMATION TRANSFER message. 
[bookmark: _Toc107323033][bookmark: _Toc110524192]Proposal 10: Enhance RAN visible QoE reporting by including the S-NSSAI in the QOE INFORMATION TRANSFER message.
Proposal 11: Send an LS to RAN2 requesting the inclusion of the S-NSSAI in RAN visible QoE configuration and report in RRC.
A draft of the LS is provided in the Appendix.

QoS parameters in RVQoE reporting in F1AP
At the RAN3#117-e meeting, the following was agreed:
[bookmark: _Hlk114663629]QoS flow information should be introduced as an explicit IE in the RAN visible QoE report over F1.
Moreover, the following TBC was also captured:
RAN3 to further discuss details on QoS flow information e.g., QoS flow ID, DRB ID, PDU session ID.
The description of the NR QoS model in TS 23.501 states: 
The QoS Flow is the finest granularity of QoS differentiation in the PDU Session. A QoS Flow ID (QFI) is used to identify a QoS Flow in the 5G System.
If we consider which information could be available at the DU in terms of QoS flow information, we can see that at UE Context setup, the DU receives information of DRB ID, PDU Session ID and QoS Flow Identifier. 
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	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
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	M
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[bookmark: _Hlk114663269]Observation 3: The DU is aware of the QoS flow ID, the DRB ID and the PDU session ID.
In TS 27.007 the presence of PDU Session ID for QoE report has been captured in the specification, see below.

Application level measurement report for NR +CAPPLEVMRNR
Table 8.85-1: +CAPPLEVMR action command syntax
	Command
	Possible response(s)

	+CAPPLEVMR=(list of [<CR><LF><app-meas_report_length>,<app-meas_report>,<meas_config_app_layer_id>],[<number-of-pdu-session_id-entries>,(list of <pdu-session_id>s)],[<number_of_buffer_level_entries>,(list of <application_layer_buffer-level>s)],[<qoe_measurement_status>],[<playout_delay_for_media_startup>]s)
	+CME ERROR: <err>

	+CAPPLEVMR=?
	



<pdu-session_id>: integer type. Identifies a PDU session ID.
0-255

At the moment, neither QoS Flow ID nor DRB ID are reported from the UE to the RAN in a RVQoE report. Since the PDU Session ID is already available in the RVQoE report from the UE, adding the PDU Session ID over F1 seems as the obvious next step. Hence, we propose to capture this in F1AP for the time being. Moreover, given that the scheduling is done on a DRB basis, the ID of the DRB(s) used in the application session should also be provided to the DU.
Proposal 12: Include PDU Session ID as an explicit IE in the RVQoE report over F1.
Proposal 13: The DRB ID(s) used in the application session are included in the RVQoE report over Uu, and in the RVQoE report over F1.

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this paper we discuss the enhancements for RVQoE reporting. The following was observed and proposed:
Observation 1: According to the Rel-17 specifications, the DU has no say in whether it is interested in receiving the RVQoE reports or not. 
Observation 2: Even though the DU can be a consumer of RVQoE reports, according to the Rel-17 specifications, the DU has no say in setting the RVQoE measurement configuration. 
Proposal 1: A DU can activate and deactivate the reporting of RVQoE metrics from CU to DU. Procedure details are FFS.
Proposal 2: A CU can notify a DU when RVQoE metrics are available, and the DU can suggest to the CU the parameters to be used in the RVQoE configuration, or indicate that it is not interested in RVQoE measurements for the UE.
Proposal 3: An RVQoE value can be associated to a QoE-event. 
Proposal 4: The RAN can configure the criteria for a QoE event, where the criteria can be based on the values of one or more RVQoE metrics.
Proposal 5: An RVQoE value is a value or set of values reported when a QoE-event is fulfilled.
Proposal 6: An RVQoE value can contain information provided by the UE Application Layer and the UE AS layer.
Proposal 7: RAN3 to consider triggers for RVQoE reporting that are evaluated at the UE and the triggers that are evaluated at the RAN.
Proposal 8: RAN3 to consider the following triggers for RVQoE reporting:
· Threshold-based trigger: application layer buffer level threshold.
· Event-based triggers: handover, RAN overload, RRC state transition, video stalling.
Proposal 9: The can UE report the RVQoE and indicate the trigger that caused the reporting.
Proposal 10: Enhance RAN visible QoE reporting by including the S-NSSAI in the QOE INFORMATION TRANSFER message.
Proposal 11: Send an LS to RAN2 requesting the inclusion of the S-NSSAI in RAN visible QoE configuration and report in RRC.
Observation 3: The DU is aware of the QoS flow ID, the DRB ID and the PDU session ID.
Proposal 12: Include PDU Session ID as an explicit IE in the RVQoE report over F1.
Proposal 13: The DRB ID(s) used in the application session are included in the RVQoE report over Uu, and in the RVQoE report over F1.
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Title:	 [Draft] Support for S-NSSAI in RAN Visible QoE configuration and Reporting
Response to:	-
Release:	Rel-18
Source:	Ericsson [To be RAN3]
To:	RAN2
Cc:	-
Contact Person:	
	Name: 		Filip Barac
E-mail Address:	filip.barac@ericsson.com
 
Send any reply LS to:      3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org
                         
Attachments:	-

1. Overall description:
RAN3 agreed to support the S-NSSAI-based RAN visible QoE measurements. The expected RRC impact is as follows:
· In the RRC signalling for configuration of RAN visible QoE, the RAN can configure the UE to report to RAN the S-NSSAIs associated to a RAN visible QoE report.
· S-NSSAIs are included in the RAN visible QoE report or sent together with it.

2. Actions:
RAN3 respectfully asks RAN2 to take the above RAN3 agreements into account and provide the necessary RRC signalling support.

3. Dates of next TSG RAN WG3 meetings:
RAN3#118                         November 14th – 18th, 2022		Toulouse, FR
RAN3#119                         February 27th – March 3rd, 2023		Athens, GR
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