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1	Introduction
In this paper, we discuss some aspects for supporting QoE measurements making it suitable for finer analysis at OAM as well as in RAN via 
i) Time alignment of QoE measurement and MDT measurement, and 
ii) light QoE measurements visible at RAN node
[bookmark: _Ref178064866]2	Discussion
2.1 Time alignment between QoE and MDT measurements
According to the SA4 TS, specified for different service types such as DASH Streaming [1] MTSI [2] and AR/MR services [3], the QoE measurement metrics includes only the application layer measurements. In LTE network, QoE measurement reports are sent from the application to the RRC layer wherein encapsulated as part of measReportApplicationLayer signal and sent to the RAN node. RAN nodes signal the measurement to the relevant MCE according to the QoE Reference ID. Therefore, QoE measurement reports does not include any radio related measurements, while pinpointing any potential issue at RAN level requires radio related measurements. One good radio layer measurements can be immediate MDT measurements which provides insight on the radio link quality as well as throughput and delay to the network and OAM. Hence, for a finer analysis, and to pinpoint the root cause of the performance degradation (likely inferenced from QoE measurements), the QoE measurement should be correlated with radio related measurements e.g., MDT measurements.
QoE measurements should be correlated with the radio layer measurements (e.g., MDT measurements) to provide insight for the network operators (e.g., to pinpoint the root cause of the performance degradation).
However, currently there is no mechanism to sync the MDT and QoE measurements in time domain. In fact, if these two measurements (one performed at radio layer and the other performed at application layer) are performed in different time, correlation between them may not be useful. For example, if the QoE measurements are performed at time t1, MDT measurement needs to be performed at t1, too. If the MDT measurement is performed in Time t2, it will not be useful for correlation. 
Time alignment of the radio layer measurement and QoE measurement enable a finer correlation between MDT measurements and QoE measurements at application layer.
Immediate MDT and QoE measurements configurations are signalled from OAM to the RAN nodes (or via core network if it is signalling based mechanism). One solution to correlate the QoE and MDT measurements is to bind the MDT measurement to a given QoE measurements when triggered from OAM to the RAN. To do such binding a QoE reference ID or a service type can be included in the configuration so the RAN nodes would know the binding between two measurements. Upon receiving such MDT and QoE configuration from OAM, RAN node can configure the UEs with QoE configuration and a pending MDT configuration by adding the QoE Reference ID as part of immediate MDT measurements sent to the UE. 
The UE receiving the QoE configuration sends the configuration to the application layer and keeps the MDT measurement configuration until it receives a session start indication from upper layers which means the service and the QoE measurement related to that service type started. At this point and upon receiving the session start indication, MDT measurement at RRC layer can be performed. The potential solution enabling such mechanism is shown in Figure 1.
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Figure 1. Time alignment between MDT and QoE measurement via binding immediate MDT measurement to a QoE measurement via QoE reference ID
QoE reference ID can be used to bind the MDT measurements to the QoE measurements. i.e., an immediate MDT measurement can stay pending at UE RRC until RRC receives a session start indication from upper layers, so both measurements can be performed at the same time, enabling time alignment between MDT and QoE. 
Therefore, we propose to RAN2 to discuss the solution to enable time alignment between MDT and QoE measurements which assist the OAM for a finer analysis.
RAN2 discuss the solution to enable time alignment between MDT and QoE measurements. 
2.3 Light QoE measurements
QoE measurement is currently designed to be analysed by management system. However, there are potential use-cases of the QoE measurements inside the RAN. In fact, knowing the application level performance would bring additional insight to the RAN on prioritizing the limited resources to satisfy the users upon designed policies such as fairness or priority. For example, knowing/predicting the QoE of the potential target cells could help the mobility procedure for handing the UE to a suitable target cell that fulfils the QoE requirement of the UE. Such QoE awareness/prediction requires visibility of the QoE measurements to the RAN nodes. In addition, QoE measurements can be used to tune the radio resource scheduling algorithms in such a way to fulfil the QoE for the end users. This can be useful in particular for URLLC scenario in which the application level reliability and latency are very important. Given such use cases, it has been discussed in RAN3 to find a solution to make the QoE measurements visible at RAN level.
Visibility of the QoE measurement at RAN level would be beneficial for RAN e.g., for QoE aware mobility and radio resource management.
Moreover, 3GPP is developing mechanisms to support AI/ML models in the RAN, and QoE measurements are a good input for RAN to predict QoE/QoS. Closing the door today by precluding QoE visibility at the RAN would certainly not be future proof.
3GPP is developing mechanisms to support AI/ML models in the RAN, and QoE measurements are a good input for RAN to predict QoE/QoS. Closing the door today by precluding QoE visibility at the RAN would certainly not be future proof.

However, some of the QoE metrics may be useful in RAN, while others may not be useful as exemplified in an abstract form for the relevant services in the Figure 1.
	QoE mertics of DASH streaming [TS 26.247]
	QoE metrics of MTSI [TS 26.114]

	· Average Throughput
· Buffer Level
· Initial Playout Delay
· Play List
· Playout Delay for Media Start-up
· MPD Information
· Device information
· Display size, etc.

	· Successive loss of RTP packets
· Jitter duration
· RTP packets Round-trip time
· Corruption duration metric (time period that a good frame is not received)
· Average codec bitrate
· Codec information
· Frame rate



Figure 1. Abstract view of the metrics logged as part of QoE measurements at application layer. 
In our understanding, among the listed metrics the highlighted ones can be highly useful if visible to RAN. For example knowing the buffer level can be used to have a better scheduling for the UEs e.g., providing seamless mobility at application layer upon handover. However, these measurements are provided as XML file that are zipped and encapsulated in measReportAppLayer signal sent from UE to the RAN nodes. Hence parsing, decoding and analysing such measurement may be a cumbersome task for the RAN nodes.
Some QoE measurement metrics may be useful to be visible at RAN (e.g., buffer level, end to end latency, RTP loss rate, etc) and some of them may not be useful (e.g., MPD Information). Nonetheless, reading QoE measurement report at RAN may be challenging.  
In addition, RAN nodes may not need to know the exact value of QoE parameters e.g., RAN node only need to know if the round trip time of an RTP packet is below/above a certain threshold or not to act upon that. 
RAN may not need to know the exact value of the QoE measurements, and it may be enough to know if the QoE requirements are fulfilled for specific UE or not.
Therefore, given the complexity of decoding the zipped XML file of the actual QoE measurements and the loose requirements at RAN node on the precision of QoE measurements (i.e., RAN node does not need to know the exact values) we propose to have a light QoE measurement to be logged by the UE (or application layer) which indicates the overall quality of experience per metric of interest. E.g., the light QoE measurement can indicate whether the experienced end to end latency or the buffer level was below/above a threshold. This information can be logged as a new information element outside of the QoE measurement report container but inside the measReportAppLayer.  
RAN2 agree to include some high level light QoE metrics (e.g., QoE score per metric of interest or a binary flag per metric of interest) outside the QoE measurement container as part of measReportAppLayer visible to RAN. The light QoE metrics indicate whether QoE requirements are fulfilled or not.
3	Conclusion
In the previous sections we made the following observations: 
1. QoE measurements should be correlated with the radio layer measurements (e.g., MDT measurements) to provide insight for the network operators (e.g., to pinpoint the root cause of the performance degradation).
Time alignment of the radio layer measurement and QoE measurement enable a finer correlation between MDT measurements and QoE measurements at application layer.
QoE reference ID can be used to bind the MDT measurements to the QoE measurements. i.e., an immediate MDT measurement can stay pending at UE RRC until RRC receives a session start indication from upper layers, so both measurements can be performed at the same time, enabling time alignment between MDT and QoE.  
Visibility of the QoE measurement at RAN level would be beneficial for RAN e.g., for QoE aware mobility and radio resource management.
3GPP is developing mechanisms to support AI/ML models in the RAN, and QoE measurements are a good input for RAN to predict QoE/QoS. Closing the door today by precluding QoE visibility at the RAN would certainly not be future proof.
Some QoE measurement metrics may be useful to be visible at RAN (e.g., buffer level, end to end latency, RTP loss rate, etc) and some of them may not be useful (e.g., MPD Information). Nonetheless, reading QoE measurement report at RAN may be challenging.  
RAN may not need to know the exact value of the QoE measurements, and it may be enough to know if the QoE requirements are fulfilled for specific UE or not.
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
1. RAN2 discuss the solution to enable time alignment between MDT and QoE measurements. 
1. RAN2 agree to include some high level light QoE metrics (e.g., QoE score per metric of interest or a binary flag per metric of interest) outside the QoE measurement container as part of measReportAppLayer visible to RAN. The light QoE metrics indicate whether QoE requirements are fulfilled or not.
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