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Introduction
This paper discusses the QoE visibility at the RAN, based on the agreements from RAN3#110-e:
Take RAN visibility of some QoE information may be useful - to be confirmed in next meeting
Study the solution for QoE awareness:
- Type 1: gNB understands QoE report up to implementation
Opt. a) gNB directly understand UE QoE report up to implementation
Opt. d) gNB derives QoE score from UE QoE report by ML model
- Type 2: gNB receives RAN-visible QoE metrics from UE
Opt. b) UE reports generic QoE score to gNB
Opt. e) UE provide the report data as two parts, one for RAN with RAN designed format, 
- Type 3: gNB receives RAN-visible QoE metrics from MCE. LTE as the baseline, the QoE configuration and QoE measurement results defined by SA4 are delivered as container.
A pCR for TR 38.890 is given in the Annex.
QoE Visibility at the RAN
At the RAN3#109-e meeting it was decided to study the requirements for QoE report visibility at the RAN. As of today, the QoE reports are delivered in RRC containers, transparently to the RAN. Nevertheless, we think that it would be beneficial for the RAN to be able to understand the QoE reports, which would, in conjunction with radio measurements and information, enable the RAN to take timely and proper decisions. Some possible use cases for QoE visibility at the RAN include:
· Time-critical applications, including applications for which QoE metrics are not yet standardized, where timely reactions to QoE deterioration are essential;
· QoE-aware mobility and traffic steering;
· Link adaptation;
· Reinforcement learning – for instance, after mobility, the performance at the target is reported – the learning is whether the handover decision was good or not.
Observation 1: There exist more than a few use cases for QoE visibility at the RAN, including:
· Time-critical applications, including applications for which QoE metrics are not yet standardized, where timely reactions to QoE deterioration are essential;
· QoE-aware mobility and traffic steering;
· Link adaptation;
· Reinforcement learning – for instance, after mobility, the performance at the target is reported – the learning is whether the handover decision was good or not.
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.
Observation 2: 3GPP is studying 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 measurements may be useful in the RAN while others may not be useful, as exemplified in an abstract form in Table 1 for two services for which QoE metrics have been standardized.
Table 1: Abstract view of the metrics logged as part of QoE measurements at application layer.
	QoE metrics 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



In our understanding, among the listed parameters, the highlighted parameters can be highly useful if visible to the RAN. For example, knowing the buffer level status would be very beneficial for scheduling, while knowledge of the MPD information may not be useful at all for RAN. In addition, these measurements are provided by the UE to the network as zipped XML files. Hence, parsing, decoding and analysing such measurements may be a cumbersome task for the RAN nodes.
Observation 3: Some QoE measurement metrics may be useful to be visible at RAN (e.g. end-to-end latency, RTP loss rate, etc) and some of them may not be useful. However, reading QoE measurement reports at the RAN may be challenging.
In addition, RAN nodes may not need to know the exact measured value of the QoE metric. For example, RAN node only needs to know if the buffer level is below/above a certain level. 
Observation 4: RAN may not need to know the exact value of the legacy QoE measurements - it may be enough to know if the QoE requirements for different metrics are fulfilled for a specific UE or not.
Therefore, given the complexity of decoding the zipped XML file of the actual QoE measurement and the loose requirements for precision of such measurements in the RAN (i.e., RAN node does not need to know the exact values) we think a lightweight QoE measurement logged by the UE indicating the overall quality of experience per metric of interest would be very valuable for RAN (e.g., the lightweight QoE measurements can indicate buffer level at UE, or whether the experienced end-to-end latency was below or above a threshold). This information can be logged as a new information element outside of the QoE measurement report container, but visible to RAN.  
Based on the above, we propose that:
· The UE prepares simplified QoE scores or flags, based on the legacy QoE measurements
· For example, the QoE score could be a single bit indicating whether the QoE is good or bad.
· The simplified QoE score is delivered to the network as a separate IE visible to the RAN.
Proposal 1: RAN3 agrees the Type-2 solution for QoE visibility at the RAN, where the UE reports, as a separate IE, generic QoE scores to the RAN i.e. a simplified representation of QoE measurement values.
Regarding the details of Lightweight QoE metrics, we think that these may include at least an overall QoE score and a representation of the QoE per each useful metric, that may be represented as e.g.:
· A numeric value on a scale between 0 and x, or 
· An objective qualitative representation (“good QoE”, “moderate QoE”, “bad QoE”) per metric, or
· A binary flag.
Proposal 2: Lightweight QoE metrics should include at least an overall QoE score and a representation of QoE per each useful metric, that may be represented as e.g.:
· A numeric value on a scale between 0 and x, or 
· An objective qualitative representation (“good QoE”, “moderate QoE”, “bad QoE”) per metric, or
· A binary flag.
Regarding the QoE measurement configuration, we propose the following support in the RAN:
· For legacy QoE metrics (i.e. the metrics not visible at the RAN), RAN receives the QoE configuration prepared by OAM and configures the UE accordingly. In this case, RAN is not allowed to change the existing configuration specified by SA4.
· For Lightweight QoE, RAN can assemble the associated QoE configuration and RAN may activate it independently of legacy QoE or in addition to legacy QoE measurements. This can be used for all services. 
Proposal 3: RAN is not allowed to change the existing configuration of legacy QoE metrics specified by SA4 (i.e. the metrics not visible at the RAN).
Proposal 4: RAN supports QoE measurement configuration and activation of Lightweight QoE, for all services.
The above proposals are captured in the pCR for TR 38.890, presented in the Annex.
Proposal 5: RAN3 to agree the pCR for TR 38.890, presented in the Annex.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In previous sections we observe the following:
Observation 1: There exist more than a few use cases for QoE visibility at the RAN, including:
· Time-critical applications, including applications for which QoE metrics are not yet standardized, where timely reactions to QoE deterioration are essential;
· QoE-aware mobility and traffic steering;
· Link adaptation;
· Reinforcement learning – for instance, after mobility, the performance at the target is reported – the learning is whether the handover decision was good or not.
[bookmark: _GoBack]Observation 2: 3GPP is studying 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.
Observation 3: Some QoE measurement metrics may be useful to be visible at RAN (e.g. end-to-end latency, RTP loss rate, etc) and some of them may not be useful. However, reading QoE measurement reports at the RAN may be challenging.
Observation 4: RAN may not need to know the exact value of the legacy QoE measurements - it may be enough to know if the QoE requirements for different metrics are fulfilled for a specific UE or not.
Based on the observations, the following is proposed:
Proposal 1: RAN3 agrees the Type-2 solution for QoE visibility at the RAN, where the UE reports, as a separate IE, generic QoE scores to the RAN i.e. a simplified representation of QoE measurement values.
Proposal 2: Lightweight QoE metrics should include at least an overall QoE score and a representation of QoE per each useful metric, that may be represented as e.g.:
· A numeric value on a scale between 0 and x, or 
· An objective qualitative representation (“good QoE”, “moderate QoE”, “bad QoE”) per metric, or
· A binary flag.
Proposal 3: RAN is not allowed to change the existing configuration of legacy QoE metrics specified by SA4 (i.e. the metrics not visible at the RAN).
Proposal 4: RAN supports QoE measurement configuration and activation of Lightweight QoE, for all services.
Proposal 5: RAN3 to agree the pCR for TR 38.890, presented in the Annex.
Annex: pCR to TR 38.890
-------------------------------------------Change 1-------------------------------------------
[bookmark: _Toc56437928]6.7 	RAN visible QoE information reporting by UE
Editor's NOTE: This section describes the potential procedure for UE to report RAN visible QoE information. 
Editor's NOTE: It is FFS whether RAN awareness of QoE information is useful, and whether UE reporting is needed.
The RAN may not be able to understand or make use of the legacy QoE metrics, as they are assembled by the OAM, sent inside containers and intended to be processed by the Measurement Collection Entity in the network. For the RAN to be able to understand and make use of the QoE concept, QoE information visible by the RAN, herein referred to as the Lightweight QoE, is introduced. Lightweight QoE aware by gNB enables close loop QoE optimization by RAN. It is too complicated for gNB to understand the real QoE metrics. RAN visible QoE  information is a simplified QoE information abstracted from QoE metrics by UE., which the RAN may use for gNB uses the RAN visible QoE information for various types ofclose loop QoE optimizations. 
Lightweight QoE metrics may include at least an overall QoE score and a representation of QoE per each useful metric, that may be represented as e.g.:
· A numeric value on a scale between 0 to x, or 
· An objective qualitative representation (“good QoE”, “moderate QoE”, “bad QoE”), or
· A binary flag.
The Lightweight QoE configuration is assembled by the RAN. The RAN is also responsible for the activation of Lightweight QoE measurement, which may be done independently of the legacy QoE. The Lightweight QoE can be used for all services. The Lightweight QoE score is delivered to the RAN as a separate IE, visible to the RAN.
RAN is not allowed to change the existing configuration of legacy QoE metrics specified by SA4 (i.e. the metrics not visible at the RAN).
Figure 6.7-1 shows the message flow for LightweightRAN visible QoE information reporting. 
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Figure 6.7-1: RAN visibleLightweight QoE information reporting
1.	A gNB RAN node assembles and sends the Lightweight RAN visible QoE configuration to a UE, which may be sent along with the QoE measurement configuration container transmitted from CN or OAM. 
2.	The UE receives and applies the Lightweight RAN-visible QoE configuration and/or QoE measurement configuration container. The Lightweight RAN visible QoE Configuration configuration may be so that the corresponding Lightweight QoE RAN visible QoE information that is reported can be a unique score or a combination of scores reflecting the QoE metrics useful for RAN (such as buffer level). The encoding of RAN visible QoE configuration and RAN visible reporting is FFS. The RAN-visible Lightweight QoE report is provided from the application layer of the UE to the UE’s RRC layer by means of an AT command. The UE’s RRC layer then includes the Lightweight QoE RAN-visible report, along with the QoE report container, but as a separate IE, in the MeasReportAppLayer IE, and sends it to the RAN.
3.	The gNB RAN node reads the Lightweight RAN visible QoE information and/or forwards the (legacy) QoE report container to the QoE server accordingly. 

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