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Introduction
The SID for the study item (SI) on NR QoE management and optimizations for diverse services was approved at the TSG RAN#80 meeting and updated in [1]. The objectives of the SI are as follows: 
· Study the potential RAN side solution for supporting a generic framework for triggering, configuring, measurement collection and reporting for various 5G use cases. [RAN3, RAN2]
· Identify and study the potential solutions (e.g., LTE based solution, reusing MDT mechanism) for configuration and reporting of UE KPI information for certain services (e.g. latency).
· Study the potential interface impact and solutions (e.g. F1, NG, Xn interface) to support NR QoE functionality. [RAN3]

This paper discusses the NR QoE measurement aspects, i.e. measurement configuration, triggering, collection and reporting. The pCR for TR 38.8xx is given in the Annex.
Discussion
As discussed in R3-205200, QoE measurement can be accomplished via Signalling-based QoE framework (targeting individual UEs) and/or Management-based (i.e. area-based) framework. 
With respect to the abovementioned frameworks, there might be new aspects that require consideration for NR QoE management. In the following, we discuss some of these aspects.
Radio network layer assistance information
The QoE measurement reports provided by LTE system pertain to measurements at the UE’s application layer. On the other hand, the measures taken by the network based on the QoE reports are mostly related to reconfigurations at the radio network layer. Therefore, just the knowledge of UE application layer KPIs may not provide a 360-degree view of what is happening in the network and it may not be enough for the network to identify the potential issues at RAN side and take proper action to mitigate the impairments in QoE. 
Therefore, in our understanding, radio network layer measurements and information (herein jointly referred to as the radio network assistance information) may be required to ensure that a QoE report to reflect the actual situation in the network. For example, the use of dual connectivity (DC) and carrier aggregation (CA) features for an application session may significantly augment the UE throughput, and provide different user experience in terms of throughput and or latency, compared to a scenario when DC or CA are not used. The indication of whether any of these features is used for the application session would be a valuable addition to the QoE reports.
Observation 1:  The use of dual connectivity (DC) and carrier aggregation (CA) to carry the data for an application session may provide significantly different QoE, compared a scenario in which these features are not used.
Hence it would be beneficial to indicate such information as part of QoE measurement reporting. Based on that, the management system would be able to classify the users’ QoE under various RAN settings and configurations. Such classification and mapping between experienced quality at the application layer and the corresponding radio network configuration would enable the management system to suggest an optimized configuration that fulfils the QoE requirements for the service.
It is therefore proposed to study the enhancement of QoE measurement reports by including network assistance information, such as the information about DC or CA configuration used by the UE for the measured application session.
Proposal 1: It is proposed to study the enhancement of QoE measurement reports with radio network layer assistance information, such as DC or CA configuration used by the UE for the measured application session.
UE mobility history information is yet another type of information that may help the network to have a better understanding of the QoE report when the UE connects to different cells during the measurement session. According to current specifications, this information is sent from UE to the RAN nodes, but, in our understanding, it is not available at measurement collection entity. Including this information in the QoE measurement report would help the management system to define and enforce QoE-aware mobility policies for the RAN nodes, enabling the RAN to provide the mobility service for the UE in a way that enables the fulfilment of QoE requirements.
Proposal 2: It is proposed to study the enhancement of QoE measurement reports with mobility history information.
QoE measurement report collection
In LTE, a new type of SRB (i.e., SRB4, which has low priority) has been defined to convey the QoE measurement report over the control plane. One advantage of sending the QoE measurement reports over the control plane is that the report is not encrypted by the UE’s application layer, which is the case for the user plane information. Moreover, sending the data over low-priority SRB4 would not cause congestion for control signalling of higher priority, such as mobility-related signalling. In addition, sending QoE reports over the control plane would allow the availability of QoE reports at RAN node (e.g., CU-CP). 
By making the QoE report visible at the RAN would enable the RAN able to predict the users’ quality of experience before making any mobility decision and to prepare a proper set of radio resources for the UE fulfilling UE’s QoE requirements. In addition, for delay-sensitive services e.g., Industrial IoT, closed-loop communication between RAN node and a UE may be required to fulfil the QoE requirements of such delay-sensitive services. Having the QoE measurement visible at the RAN may enable such closed-loop optimizations at the QoE level. For example, RAN can receive the QoE measurement of an industrial IoT application and tune the radio resources in such a way to enhance the user experience, if required.
Observation 2: In the LTE the low-priority SRB4 has been defined for delivering the QoE measurement reports. This approach avoids causing congestion to critical control plane signalling, even while receiving uploading a bulk of QoE data to the network.
Observation 3: Collecting QoE measurement reports over control plane would enable the availability of QoE reports at the RAN (e.g. CU-CP).
Proposal 3: It is proposed to define the NR SRB4 as a signalling radio bearer for NR QoE measurement report collection.
QoE measurement reporting at overload
In the LTE QoE report delivery mechanism i.e., using control plane and SRB4, it is possible in a DC scenario to configure SRB4 as either MCG or SCG bearer. This may bring a degree of freedom for a network to configure the SRB4 based on network load conditions and enable more flexible QoE report collection. For example, if the MN/SN is overloaded, the SRB4 can be configured as an SCG/MCG bearer. 
Proposal 4: It is proposed to study delivery of QoE reports during RAN overload. 
Observation 4: Using SRB4-based solution may enable the RAN node to handle QoE measurement in overload conditions by configuring SRB4 on a less loaded leg in a DC scenario.
QoE report size and segmentation
Another aspect of the QoE reporting to be studied is the QoE report size. In LTE, the QoE report collection has been specified for two scenarios: DASH and MTSI. QoE Metrics from the DASH client shall be in the XML format. The XML data shall be compressed with gzip and stored in network byte order into an octet string container with a maximum length of 8000 bytes. However, in NR, more time-critical services such as URLLC and AR/VR may be subject to QoE measurements. In particular, for-delay sensitive services, it may be necessary to collect smaller logs more frequently, so the network would be able to take the counter actions fulfilling the UE’s QoE requirements on time. Hence, we propose to study a more dynamic framework for configuring QoE measurement with a proper report size and reporting periodicity.
Proposal 5: It is proposed to study the configurability of QoE measurement report size at RRC layer.
In our understanding, the size of the QoE report after converting an XML file to the gzip file may be larger than the expected report size configured at the RRC layer. Hence, it might be necessary to allow the application or RRC layer to segment a large QoE report into multiple smaller reports, compliant with the report size configured at the RRC layer.
Proposal 6: It is proposed to study the segmentation of large QoE reports into multiple smaller QoE reports.
Event-based QoE measurement and reporting
In LTE networks, once the QoE measurement configuration is sent to the UE and when the application is running, the QoE measurements would be logged and later sent to the network. In our understanding, when the user experience is good, there might be no point in collecting the QoE measurements. In fact, a QoE measurement logging in bad conditions (i.e., when user experience is bad) would be more beneficial to analyse and possibly resolve the potential issues causing bad user experience. Hence, it may be beneficial to study the possibility of defining thresholds (e.g., throughput- or latency-based thresholds) for triggering the QoE measurements under certain conditions. For example, the application starts the QoE measurements when user experience in terms of throughput (or latency) is below a certain throughput/latency threshold. Also, the application could suspend the QoE measurement when the throughput (or latency) are above certain thresholds. This mechanism may provide more valuable measurements to the network, thus reducing the signalling overhead caused by the QoE measurement data.
Proposal 7: It is proposed to study a threshold-based and/or event-based mechanism to trigger the start and stop of QoE measurement collection more efficiently.
In addition, it would be beneficial to enable the activation of QoE measurement collection for a certain predefined period of time. This would allow the network operator to dynamically set the time schedule for QoE measurements e.g., collection of QoE measurement at rush hours.
Proposal 8: It is proposed to study a time-based event for activation of QoE measurement to enable the flexibility of QoE measurement activation within a certain predefined period of time.
QoE measurement in mobility scenarios
In LTE networks, continuity of QoE measurements for inter-RAN node mobility is supported according to SA5 specification TS 28.405. However, RAN specifications e.g., TS 36.423 does not support the required signalling for enabling QoE measurement continuation at inter-RAN node mobility. In our understanding, at UE mobility, sufficient information should be provided to the target cell that would enable the QoE measurement handling upon handover. 
Proposal 9: RAN 3 study the required information to be exchanged between RAN nodes to support QoE measurement handling upon mobility.
In addition, QoE measurement handling along with mobility in NR may be more sophisticated, as some services may be NR-specific (e.g., URLLC-related applications or VoNR). Having in mind that different RATs and systems support different types of services, service continuity at inter-RAT and inter-system may not always be possible.  Although QoE measurement should be supported at mobility, it should be discussed whether inter-RAT and inter-system QoE measurement continuity should be supported.
Proposal 10: It is proposed to study whether inter-RAT and inter-system QoE measurement continuity should be supported.
Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses the NR QoE Measurement Triggering, Configuration, Collection and Reporting. The following is observed: 
Observation 1:  The use of dual connectivity (DC) and carrier aggregation (CA) to carry the data for an application session may provide significantly different QoE, compared a scenario in which these features are not used.
Observation 2: In the LTE the low-priority SRB4 has been defined for delivering the QoE measurement reports. This approach avoids causing congestion to critical control plane signalling, even while receiving uploading a bulk of QoE data to the network.
Observation 3: Collecting QoE measurement reports over control plane would enable the availability of QoE reports at the RAN (e.g. CU-CP).
Observation 4: Using SRB4-based solution may enable the RAN node to handle QoE measurement in overload conditions by configuring SRB4 on a less loaded leg in a DC scenario.
Based on the observations, the following is proposed:
Proposal 1: It is proposed to study the enhancement of QoE measurement reports with radio network layer assistance information, such as DC or CA configuration used by the UE for the measured application session.
Proposal 2: It is proposed to study the enhancement of QoE measurement reports with mobility history information.
Proposal 3: It is proposed to define the NR SRB4 as a signalling radio bearer for NR QoE measurement report collection.
Proposal 4: It is proposed to study delivery of QoE reports during RAN overload. 
Proposal 5: It is proposed to study the configurability of QoE measurement report size at RRC layer.
Proposal 6: It is proposed to study the segmentation of large QoE reports into multiple smaller QoE reports.
Proposal 7: It is proposed to study a threshold-based and/or event-based mechanism to trigger the start and stop of QoE measurement collection more efficiently.
Proposal 8: It is proposed to study a time-based event for activation of QoE measurement to enable the flexibility of QoE measurement activation within a certain predefined period of time.
Proposal 9: RAN3 study the required information to be exchanged between RAN nodes to support QoE measurement handling upon mobility.
Proposal 10: It is proposed to study whether inter-RAT and inter-system QoE measurement continuity should be supported.
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Annex: pCR to TR 38.8xx
-------------------------------------------Change 1-------------------------------------------
6.x QoE measurement configuration, triggering, collection and reporting 
6.x.1 QoE metrics
In addition to the application-level KPIs, the UE is instructed to provide, as a part of the QoE report, certain radio network layer measurements and assistance information. Based on this information, the measurement collection entity can gain a comprehensive overview of the situation in the network, e.g. whether a deterioration of QoE is caused by radio channel quality or not. Examples of potential radio network layer measurement information to be included in the QoE report are:
· Indication of multi-connectivity mode used for the application session, such as dual connectivity or carrier aggregation features;
· Mobility history information;
· Indication of any type of mobility event that occurred since the last QoE measurement report;
· etc.
6.x.2 QoE measurement configuration
It is possible to dynamically configure QoE measurements, with possibility to reconfigure the timing of measurement. This configuration may include:
· Measurement start time;
· Measurement end time;
· Measurement duration:
· etc.
It is possible to configure the UE to simultaneously execute QoE measurements for two or more application sessions.
6.x.3 QoE measurement triggering
A threshold- and event-based activation of QoE at application and/or radio network level may provide more meaningful QoE data for analysis. Threshold can be e.g. a throughput-based threshold, so that if the experienced throughput is below a certain threshold UE starts collection of the QoE measurements. A measurement triggering event may be for example a mobility event.
6.x.4 QoE measurement handling at mobility
The NR QoE management framework enables continuation of QoE measurements and handling if measurements at UE mobility. At UE mobility, sufficient information should be provided to the target cell, that would enable proper QoE measurement handling upon handover.
QoE handling upon mobility is supported in both LTE and NR. How to fulfil the SA5 requirements should be studied. QoE management upon inter-RAT and inter-system mobility may need to be further discussed. 

6.x.5 QoE Measurement collection and reporting
QoE measurement report collection is supported via control plane e.g. using SRB4, as in LTE. This way, the QoE measurement report is visible at RAN, and RAN can use it for QoE optimization. 
SRB4 can be configured as MCG or SCG bearer in DC scenario. This may enable a better handling of RAN in overload conditions, by e.g. collecting the measurement report via the less-loaded DC leg.
[bookmark: _GoBack]Measurement report size can be dynamically configured depending on different scenarios and use cases. 
Large QoE measurement reports can be segmented into multiple smaller QoE reports, to fit with the QoE report size configured at RRC layer.  

-------------------------------------------End of changes-------------------------------------------
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