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[bookmark: _Toc124536370]21	Application Layer Measurement Collection
[bookmark: _Toc76505088][bookmark: _Toc124536371]21.1	Overview
The QoE Measurement Collection function enables collection of application layer measurements from the UE. The supported service types are:
-	QoE Measurement Collection for DASH streaming services;
-	QoE Measurement Collection for MTSI services;
-	QoE Measurement Collection for VR services.
-	QoE Measurement Collection for MBS broadcast services.
For MBS broadcast services, the QoE measurement collection is supported in all RRC states. For DASH streaming, MTSI, and VR services, tThe QoE measurement collection is supported in RRC_CONNECTED state only. Both signalling based and management based QoE measurement collection are supported in NR SA and NR-DC.
NOTE:	The naming QoE Measurement is used in NG, Xn, and interfaces between the OAM and the gNB. In the Uu interface, the naming application layer measurement is used and it is equal to QoE Measurement.
Editor’s note 1:	FFS on the QoE support for MBS multicast service.
Editor’s note 2:	This above description is related to whether MBS is a communication service or not, and this is under discussions in SA4.
[bookmark: _Toc124536372]21.2	QoE Measurement Configuration
[bookmark: _Toc124536373]21.2.1	QoE Measurement Collection Activation and Reporting
The feature is activated in the gNB either by direct configuration from the OAM system (management-based activation), or by signalling from the OAM via the 5GC (signalling-based activation), containing UE-associated QoE configuration. One or more QoE measurement collection jobs can be activated at a UE per service type, and each QoE measurement configuration is uniquely identified by a QoE reference. When the UE is configured with MR-DC, only the MN can configure the QoE configuration.
Editor’s note 3:	FFS whether and how to update the sentence related to MR-DC.
[bookmark: _Hlk85052292]For signalling-based QoE measurements, the OAM initiates the QoE measurement activation for a specific UE via the 5GC, and the gNB receives one or more QoE measurement configurations by means of UE-associated signalling. The QoE measurement configuration for signalling-based activation includes an application layer measurement configuration list and the corresponding information for QoE measurement collection, e.g., QoE reference, service type, MCE IP address, slice scope, area scope, MDT alignment information and the indication of available RAN visible QoE metrics.
For management-based QoE measurement activation, the OAM sends one or more QoE measurement configurations directly to the gNB. The QoE measurement configuration for management-based activation also includes an application layer measurement configuration list and the corresponding information for QoE measurement collection. The gNB selects UE(s) that meet the required QoE measurement capability, area scope and slice scope.
Application layer measurement configuration received by the gNB from OAM or CN is encapsulated in a transparent container, which is forwarded to a UE as Application layer configuration in the RRCReconfiguration message (there can be multiple configurations in the same message). Application layer measurement reports received from UE's application layer are encapsulated in a transparent container and sent to the network in the MeasurementReportAppLayer message, as specified in TS 38.331 [12]. The UE can send multiple application layer measurement reports to the gNB in one MeasurementReportAppLayer message. In order to allow the transmission of application layer measurement reports which exceed the maximum PDCP SDU size, segmentation of the MeasurementReportAppLayer message may be enabled by the gNB. An RRC identifier conveyed in the RRC signalling is used to identify the application layer measurement configuration and report between the gNB and the UE. The RRC identifier is mapped to the QoE reference in the gNB, and the gNB forwards the application layer measurement report to MCE together with the QoE reference. The gNB can release one or multiple application layer measurement configurations from the UE in one RRCReconfiguration message at any time. The UE may additionally be configured by the gNB to report when a QoE measurement session starts or stops for a certain application layer measurement configuration.
[bookmark: _Toc124536374]21.2.2	QoE Measurement Collection Deactivation
The QoE Measurement Collection deactivation permanently stops all or some of the QoE measurement collection jobs towards a UE, resulting in the release of the corresponding QoE measurement configuration(s) in the UE. The deactivation of QoE measurement collection is supported by using UE-associated signalling. A list of QoE references is used to deactivate the corresponding QoE measurement collection job(s).
Upon reception of the QoE release message in an application layer measurement configuration, the UE discards any unsent application layer measurement reports corresponding to the released application layer configuration. The UE discards the reports received from application layer when it has no associated application layer measurement configuration configured.
The network can replace a QoE measurement configuration with another one by deactivating an existing QoE measurement configuration and activating another QoE measurement configuration of the same QoE measurement configuration type.
[bookmark: _Toc124536375]21.2.3	Handling of QMC during RAN Overload
The QoE measurement collection pause/resume procedure is used to pause/resume reporting of one or multiple QoE measurement configurations in a UE in RAN overload situation.
The gNB can use the RRCReconfiguration message to temporarily stop the UE from sending application layer measurement reports associated with one or multiple application layer measurement configurations. When the UE receives the QoE measurement collection pause indication, the UE temporarily stores application layer measurement reports in AS layer. When the UE receives the QoE measurement collection resume indication, the UE sends the stored application layer measurement reports to the gNB.
[bookmark: _Toc124536376]21.2.4	QoE Measurement Handling in RRC_IDLE and RRC_INACTIVE States
If the UE enters RRC_INACTIVE, the UE AS configuration for the QoE is stored in the UE Inactive AS context.
If the UE enters RRC_IDLE state, the UE releases all application layer measurement configurations except MBS broadcast services. If the UE enters RRC_IDLE state, the UE AS layer stores application layer measurement configurations (except for QoE container) for MBS broadcast service, the UE application layer stores at least QoE container for MBS broadcast service.
Editor’s note 4: 	FFS what exactly AS layer stores and what exactly is sent to application layer.
For MBS broadcast services, the UE can receive the application layer measurement configurations via the RRCReconfiguration or RRCResume message. The UE stores the application layer measurement configuration and performs the application layer measurement in all RRC states. The UE continues on-going QoE measurement collection when entering RRC_IDLE or RRC_INACTIVE state and the UE may also start QoE collection according to the stored QoE configuration while in RRC_IDLE or RRC_INACTIVE state. The UE keeps the application layer measurement configurations but does not start new QoE sessions when it is outside of the area scope for QoE configuration in RRC IDLE/INACTIVE state. The UE stores the application layer measurement reports generated while in RRC IDLE/INACTIVE state in the AS layer. When the UE is transferred to RRC_CONNECTED state, the UE sends an indication of the availability of application layer measurement reports to the gNB. The UE can send application layer measurement reports to the gNB only when it has entered RRC_CONNECTED state.
Editor’s note 5:	FFS whether there are cases where we deviate from the baseline that UE does not tigger RRC Resume – RRC Setup just for the sake of reporting QoE.
Editor’s note 6:	Can revisit this if SA5 LS reply indicates something that would create issues (e.g buffer size limitation) with AS layer buffer for MBS QoE reports.
Editor’s note 7: 	FFS what the minimum AS layer buffer size (at least 64 kBytes, can consider whether larger value is used in UE capability discussions).
[bookmark: _Toc124536377]21.2.5	Per-slice QoE Measurement
When a service is provided within a configured slice, the QoE Measurement for this service type can also be configured together with the corresponding slice scope, so that the user experience of this service can also be evaluated on a per-slice basis. Multiple QoE measurement configurations can be configured for the same service type, and each configuration can pertain to different slices, where each QoE measurement configuration is identified with a QoE reference.
The UE includes the network slice identifier inside the QoE report container when reporting QoE measurement reports.
[bookmark: _Toc124536378]21.3	QoE Measurement Continuity for Mobility
The QoE measurement collection continuity for intra-system intra-RAT mobility is supported, with the Area Scope parameters configured by the OAM, where the network is responsible for keeping track of whether the UE is inside or outside the Area Scope. A UE continues an ongoing QoE measurement even if it leaves the Area Scope, unless the network indicates to the UE to release the QoE configuration.
For the RRC_CONNECTED state mobility, the source gNB may transmit the QoE measurement configuration(s) and/or the information related to the configuration(s) of a specific UE to the target gNB via XnAP or NGAP. For signalling-based QoE, the service type, QoE reference, MCE IP address, measurement configuration application layer id, MDT alignment information, area scope, slice support list for QMC and measurement status are passed to the target gNB. For management-based QoE, the service type, measurement configuration application layer id, MCE IP address and QoE measurement status are passed to the target gNB. For RRC_INACTIVE state mobility, QoE measurement configuration(s) of a specific UE can be retrieved from the gNB hosting the UE context when it resumes to the RRC_CONNECTED state. Multiple sets of QoE measurement configurations should be supported during mobility.
For signalling based QoE, at handover to a target gNB that supports QoE, the target gNB decides which of the application layer measurement configurations should be kept or released, e.g. based on application layer measurement configuration information received from the source gNB in Xn/NG signalling.
When the UE resumes the connection with a gNB that does not support QoE, the UE releases all application layer measurement configurations.
[bookmark: _Toc124536379]21.4	RAN Visible QoE Measurements
RAN visible QoE measurements are configured to the UE by the gNB, where a subset of configured QoE metrics is reported from the UE to the gNB as an explicit IE readable by the gNB. The RAN visible QoE measurements can be utilized by the gNB for network optimization. The RAN visible QoE measurements are supported for the DASH streaming and VR services. The gNB configures the RAN visible QoE measurement to collect all or some of the available RAN visible QoE metrics, where the indication of metric availability is received from the OAM or the 5GC. The set of available RAN visible QoE metrics is a subset of the metrics which are already configured as part of QoE measurement configuration encapsulated in the application layer container. The PDU session ID(s) and the QoS Flow IDs per PDU session ID corresponding to the service that is subject to QoE measurements can also be reported by the UE along with the RAN visible QoE measurement results.
Multiple simultaneous RAN visible QoE measurement configurations and reports can be supported for RAN visible QoE measurement, and each RAN visible QoE measurement configuration and report is identified by the same RRC identifier as the QoE measurement configuration and measurement report. After receiving the RAN visible QoE measurement configuration, the UE RRC layer forwards the configuration to the application layer, indicating the service type, the RRC identifier and the periodicity. RAN visible QoE configuration can only be configured if there is a corresponding QoE measurement configuration for the same service type configured at the UE. The application layer sends the RAN visible QoE measurement report associated with the RRC identifier to the UE's AS layer. If there is no reporting periodicity defined in the RAN visible QoE configuration, the UE sends both RAN visible QoE measurement reports and the QoE measurement reports to the gNB in the same MeasurementReportAppLayer message, except in case of RAN overload. In case of RAN overload, if there is no reporting periodicity defined in the RAN visible QoE configuration, the encapsulated QoE reports are stored at the UE RRC layer, but the RAN visible QoE reports continue to be reported to the gNB with the reporting periodicity configured for legacy QoE reporting, even if the corresponding reporting of encapsulated QoE measurement is paused. The RAN visible QoE measurements can be reported with a reporting periodicity different from the one of the corresponding encapsulated QoE measurements, when a dedicated RAN visible QoE reporting periodicity is configured by the gNB. The UE Application layer can measure the RAN visible QoE metrics based on this reporting periodicity. The gNB can release one or multiple RAN visible QoE measurement configurations from the UE in one RRCReconfiguration message at any time.
[bookmark: _Toc124536380]21.5	Alignment of MDT and QoE Measurements
The radio-related measurements may be collected via immediate MDT for all types of supported services for the purpose of QoE analysis. The MCE/TCE performs the correlation of the immediate MDT measurement results and the QoE measurement results collected at the same UE.
The following is supported:
-	Alignment between a signalling-based QoE measurement and a signalling-based MDT measurement. In this case, the signalling-based QoE configuration sent to the gNB includes the NG-RAN Trace ID of the signalling-based MDT measurement.
-	Alignment between a management-based QoE measurement and a management-based MDT measurement.
The UE configured with QoE measurements sends an indication to inform the gNB about the start or the stop of a QoE measurement session of configured QoE measurements. The gNB can activate the MDT measurements that are to be aligned with the QoE measurements performed by the UE upon/after receiving the QoE measurement session start indication from the UE. The gNB may activate the MDT measurements upon/after receiving the MDT activation message from the OAM. The gNB can deactivate the aligned MDT measurements according to an OAM command which may, e.g., be triggered by the session stop indication.
The gNB includes time stamp information to the QoE measurement reports to enable the correlation of corresponding measurement results of MDT and QoE at the MCE/TCE. In addition, the gNB includes the MDT session identifiers (Trace Reference and Trace Recording Session Reference) in the corresponding QoE measurement report.
21.X	QoE Measurement in NR-DC
When the UE is configured with NR-DC, either the MN or the SN can generate the QoE configuration. For management-based QoE measurement, different set of RRC identifiers are used to identify the application layer measurement configurations from the MN and SN.
The gNB indicates the reporting leg (i.e. MN or SN) towards which the UE should send the application layer measurement reports via RRC configuration. The reporting leg can be changed by the gNB using RRC signalling after it has been already configured.
 Annex	 RAN2 agreements on NR QoE
RAN2 agreements for information, which will be removed from final CR.
A.1 QoE measurements in RRC_IDLE INACTIVE
RAN2#121 Agreements
Rel-18 QoE configuration can be provided to UE as in Rel-17 (RRCreconfiguration, RRCresume). 
FFS if RRCRelease can be used – proponents should provide detailed proposals on what is in RRCRelease, why it is needed, how to handle RRCReconfiguration + RRCRelease together.
RAN2 thinks existing paging can be used to bring UE to CONNECTED, where NW can release QoE configuration. This requires no specification changes.
If UE moves outside of area scope for QoE configuration, UE keeps the QoE configurations and does not start new QoE sessions.
If the AS layer buffer is full, RAN2 thinks AS layer should discard the QoE data. Can revisit this if SA5 LS reply indicates something that would create issues with this.
FFS what the minimum AS layer buffer size (at least 64 kBytes, can consider whether larger value is used in UE capability discussions).
Same as the RRC_CONNECTED state, when the UE transfer to the IDLE state, the UE AS layer stores QoE configurations (except for QoE container) for MBS broadcast.  FFS what exactly AS layer stores
Same as the RRC_CONNECTED state, when the UE transfer to the IDLE state, the UE APP layer should store QoE configurations (at least QoE container) for MBS broadcast. FFS what exactly is sent to AL.
RAN2#120 Agreements
Ask SA4 if we can use application layer information for QoE measurements in IDLE/INACTIVE the Rel-18 area scope given that the needed information requires cell knowledge.
For buffering of QoE reports generated in RRC IDLE/INACTIVE state, RAN2 will make some assumptions on the minimal memory size requirement and the buffering layer. We can indicate these to SA4/SA5 to see if they think those assumptions are realistic.
Ask SA4/5 on how network would handle reports based on when they were collected, and whether it matters how “old” they are.
UE can be configured to do QoE measurements for MBS broadcast in all RRC states.
As a baseline, UE does not tigger RRC Resume – RRC Setup just for the sake of reporting QoE. FFS whether there are cases where we deviate from this baseline.

RAN2#119b-e Agreements
Not treated at this meeting.

RAN2#119-e Agreements
The gNB can send the QoE configuration for MBS broadcast service to UE by RRC message in RRC_CONNECTED via dedicated signalling. The UE stores the configuration for QoE and performs the application layer measurement for MBS broadcast service.
FFS if configuration can be done in IDLE/INACTIVE states.
FFS how does gNB determine which UEs can be configured with MBS QoE measurements.
FFS if there is a new explicit indicator or new service type used for MBS QoE configuration in RRC_IDLE/RRC_INACTIVE. Wait for RAN3 progress and SA4 LS reply to RAN3.
The baseline principles for QoE measurement collection for MBS services in RRC_INACTIVE and RRC_IDLE states are:
1)  	The UE is configured with IDLE/INACTIVE QoE via RRC.
2)	The UE buffers the QoE reports generated while in RRC IDLE/INACTIVE state.
3)	FFS if UE can setup/resume RRC connection just for QoE reporting, or whether the QoE reports are sent to the network when the UE moves to RRC CONNECTED state due to other reasons. 
When the UE moves to RRC_CONNECTED state, the UE sends the QoE measurements availability indication to the gNB.
For buffering of QoE reports generated in RRC IDLE/INACTIVE state, RAN2 should discuss at least the minimal memory size requirement. FFS if AS layer is responsible for storing the QoE reports (as in Rel-17).

A.2 Rel-17 leftover topics for QoE
RAN2#121 Agreements
Introduce the QoS flows ID information in the RVQoE reporting from the UE.
RAN2 thinks (based on view from majority of companies) buffer level threshold-based triggering of RVQoE reporting by either APP layer or AS layer is feasible, but RAN2 prefers APP layer triggering. RAN2 will send an LS to SA4 to ask whether SA4 can make required specifications changes in Rel-18.

RAN2#120 Agreements
Not treated at this meeting.

RAN2#119b-e Agreements
From RAN2’s perspective, there is no further work for per-slice-based QoE measurement.
RAN2 can wait for RAN3 progress on enhancement to per-slice RAN visible QoE measurement. 
RAN2 needs to wait for the progress of RAN3 on RVQoE value. 
The enhancement on UAI message to express the UE’s preference on QoE reporting configurations is not pursued.
QoE reporting via unlicensed band is out of the WID scope. 
RAN2 to postpone the discussion of the QoE reporting enhancement for overload scenario to the next meeting (based on the progress of RAN3).  
FFS on whether to send the priority information 1) UE and gNB or 2) only to gNB.
To wait for RAN3 decision on granularity of priority.
RAN2 can discuss event-based RVQoE, including possible options, benefits, spec impacts, and complexities based on company contributions.
FFS whether to add the QoS flow ID in the RVQoE report. If RAN3 already agreed to this, RAN2 can progress this in the next meeting where we discuss Rel-17 leftovers.

RAN2#119-e Agreements
Not treated at this meeting.

A.3 Support of QoE measurements for NR-DC
RAN2#121 Agreements
RRC configuration determines to which node UE sends the QoE report.  It is possible to change the reporting leg via RRC signalling after it has been configured.
Split SRB for QoE reporting is not supported (unless serious problems are identified).
Define new SRB (“SRB5”) for the QoE reporting to SN. SRB4 can only be configured for MCG (as in Rel-17). The priority of “SRB5” is lower than SRB1 or SRB3.
If both MN and SN send the QoE configurations to the UE, MN and SN should not use the same set of identities. 
RAN2 thinks it’s possible to have different m-based QoE configurations for UE in MN and SN if RAN3 allows it.

RAN2#120 Agreements
Not treated at this meeting. 

RAN2#119b-e Agreements
Rel-18 QoE configuration may be created by MN or SN.
Either SRB1 or SRB3 can be used for providing SN configuration to UE (at least for m-based QoE). FFS if this requires additional MN-SN coordination.
In NR-DC scenario, both signalling-based and management-based QoE measurement collection shall be supported.
RAN2 assumes that there is a unique ID for QoE configurations across MN and SN. This can be accomplished by MN-SN coordination (e.g. similar as was done with measIds for NR-DC)
Use SRB4 as baseline for Rel-18 QoE. FFS how we can send QoE reports towards SN (e.g. only SRB4, define new SRB, reuse SRB3, split SRB). Discuss details in the next meeting.

RAN2#119-e Agreements
Not treated at this meeting.

A.4 Others
RAN2#121 Agreements
RAN2 understanding is that for HO between LTE/5GC and NR, QoE continuity is done in AS layer (rather than APP 
Agree on the principles of Option 3 and Option 4:
-	Option 3: For HO from NR to LTE/5GC, the UE can keep and continue measurements for only one configuration for a service type supported in LTE
-	Option 4: For HO from LTE/5GC to NR, the UE can keep and continue measurements for the ongoing configuration for a service type supported in NR
Option 3 and Option 4 can be worked on in this WI only if there are no impacts to LTE specifications. Send LS to RAN3 and SA4 to inform them of RAN2 decisions. 1-week email discussion (Huawei) to draft the LS [215].
