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1. Introduction
In last meeting, RAN3 has the following agreements on the QoE report visibility at RAN. 

	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.

To be continued: 
What kinds of QoE metrics for RAN to understand, generic QoE score or some selected QoE parameters?
How to derive the RAN visible QoE metrics, from access stratum or application layer?
 To be continued...




In this contribution, we provides the further discussion on the remaining issues.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Benefits
According to the discussions in the last meeting, the motivation of QoE report visibility at the RAN is to enable the RAN to perform the real-time optimization of the network performance. For example, the RAN can improve radio resource utilization efficiency according to the QoE measurement results.
According to our analysis [1] on QoE metrics defined by the SA, some of QoE parameters might be beneficial for RAN, some have nothing to do with RAN and some may even cause privacy issues if they are visible at the RAN. These parameters could be classified into two different types, i.e. related with RAN and non-related with RAN according to the relationships with RAN. We list the initial analysis results in the following table.
Table 1 Initial analysis on QoE Report visibility at RAN
	
	Parameters
	Potential benefits
	Remark

	Related with RAN
	· Round-trip time…
	Not clear
	If Round-trip time is large, RAN could try to compensate based on RAN part delay, but the cost might be significant. RTT is also related with many factors like UE capability, radio quality, radio load, etc., to adjust radio transmission delay for one user may impact other users, and the effect for the whole system performance is unpredictable.

	
	· Jitter duration
	Not clear
	there are other factors affecting jitter, e.g. buffer size available at UE side, processing delay etc., if RAN already fulfil QoS requirement, not sure what else RAN could do.

	
	· Corruption duration
	Not clear
	If the RAN can know the results of this metric, the RAN can adjust the resource allocation of the UE to satisfy the user experience

	
	· Average Throughput
	Not clear
	RAN could measure RAN side throughput by itself and make adjustment accordingly, so this metric has some relation with RAN though, the benefit seems unclear.

	
	· Initial playout delay
	Not clear
	

	
	· …
	
	

	Non-related with RAN
	· Device information…
	NA
	this metric may have potential privacy issues because it exposes the user information

	
	· Rendered viewports
	NA
	This metric may have potential privacy issues because it exposes the user behaviour

	
	· Codec Information
	NA
	

	
	· Buffer level
	Might be useful.
	If the RAN can know the results of buffer level, the RAN can adjust the resource allocation of the UE to ensure there is enough buffer for the streaming.

	
	· …
	
	



Proposal 1: It is proposed RAN3 agree to capture the initial analysis in the Annex part into TR.
2.2 Solutions
In the last meeting, there are three types of solutions for QoE awareness:
· Type 1: gNB understands QoE report up to implementation
· Opt. a) gNB directly understand UE QoE report up to implementation
· Opt. b) gNB derives QoE score from UE QoE report by ML model
· Type 2: gNB receives RAN-visible QoE metrics from UE
· Opt. a) UE reports generic QoE score to gNB
· Opt. b) UE provide the report data as two parts, one for RAN with RAN designed format, the other is QoE report container
· Type 3: gNB receives RAN-visible QoE metrics from MCE.
For the type 1 solution, the gNB can understand all the QoE metrics defined by SA4. According to the above discussion, some metrics have nothing to do with RAN and some may even have potential privacy issues. Therefore we think RAN3 should not agree this solution.
In our understanding, the motivation of QoE report visibility at the RAN is to enable the RAN to perform the real-time optimization of the network performance. For the type 3 solution, the gNB receives the container of QoE report from the UE and sends the container to the MCE, then the MCE sends back the RAN-visible QoE metrics to the gNB. In this solution, the gNB cannot get the QoE metrics in time due to the latency between the gNB and MCE. Therefore the gNB cannot perform the real-time optimization for an UE. Also the interface between the gNB and MCE uses non UE-associated signalling. In order to perform the optimization for an UE, the signalling between the gNB and MCE needs to include the UE ID information. We think it may increase the complexity of the network and signalling interaction between the gNB and MCE. 
For the option a) of the type 2 solution, the NG-RAN only knows the QoE score but does not know the values of the detail QoE metrics. In our understanding, different QoE metrics may be related with different AS level parameters/configuration to different extent. Therefore the NG-RAN does not know which QoE metrics are not good enough and then does not know to adjust which AS level parameters. Needless to mention that, actually there is no standardized way of calculating QoE score so far. 
Therefore, if RAN awareness of QoE report is to some extent supported,  some selected QoE metrics with RAN designed format in option a) of the type 2 might be a comparatively more suitable solution. As to the QoE score, we think 3GPP should define how to calculate the QoE score, otherwise different UE vendors may report the QoE score using different rules. We are not sure which work group to define the formula for the QoE score. In the past, only the ITU-T P.1203.3 defines the formula for the quality score.
Proposal 2: If RAN3 agrees to support the RAN awareness of QoE information, it is proposed that the UE provides the report data as two parts, one for RAN with RAN designed format and container as another part. FFS whether the UE needs to report the QoE score.
According to the TR 38.890, the gNB sends the RAN visible QoE configuration to UE, possibly along with the QoE measurement configuration container transmitted from CN or OAM. Then the next question is how to generate the RAN visible QoE configuration. According to the above proposals, the RAN visible QoE report information includes some selected QoE metrics defined by SA4. According to the following SA4 requirements: 
The QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criterias for an ongoing session shall be unaffected by any QoE configuration changes received during that session.
If some QoE metrics to be measured in the RAN visible QoE configuration are not in the container of QoE measurement configuration, the UE will not measure and report these RAN visible QoE metrics for an ongoing session. Also the UE needs to combine the RAN visible QoE configuration and the container of QoE measurement configuration to know all metrics to be measured. It will increase the complexity of the UE. 
If the RAN knows which metrics of RAN visible measurement are included in the container of QoE measurement configuration, then RAN generates the RAN visible QoE configuration to report the QoE metrics which are included in the container of QoE measurement configuration. From UE side, the application layer only needs copy some RAN visible QoE metrics from the measured results as the RAN awareness of QoE information. It will not increase the complexity of the UE. Another way is, for each service type, we specify some specific metrics to be reported to RAN, and indicate UE to report if these metrics are available. As we could see that the former method is more accurate while the latter is simpler. The final decision could be left for normative phase.
Proposal 3: If RAN3 agrees to support the RAN awareness of QoE information, there are two options to be considered: 
· Option 1: for each service type, CN/OAM indicates to the RAN which RAN visible QoE metrics to be measured, and RAN include in RAN visible QoE configuration. 
· Option 2: for each service type, specify some specific metrics to be reported to RAN; and indicate UE to report if these metrics are available in RAN visible QoE configuration

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: _Toc423020280]Proposal 1: It is proposed RAN3 agree to capture the initial analysis in the Annex part into TR.
Proposal 2: If RAN3 agrees to support the RAN awareness of QoE information, it is proposed that the UE provides the report data as two parts, one for RAN with RAN designed format. FFS whether the UE need to report the QoE score.
Proposal 3: If RAN3 agrees to support the RAN awareness of QoE information, it is proposed that the CN/OAM informs the RAN which RAN visible QoE metrics to be measured according to the container of QoE measurement configuration.
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[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 intention of QoE report visibility at RAN allows RAN to be aware of the measurement result in the QoE report, which could further enable the RAN to perform the real-time optimization of the network resource and improve network performance by evaluating the reported QoE metrics in the QoE report.
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 simplified QoE information abstracted from QoE metrics by UE. gNB uses the RAN visible QoE information for close loop QoE optimization. Figure 6.7-1 shows the message flow for RAN visible QoE information reporting. 
[image: ]
Figure 6.7-1: RAN visible QoE information reporting
0.	The gNB receives the QoE measurement configuration container and if needed, generates RAN visible QoE configuration either according to RAN visible QoE metrics to be measured by the UE indicated from CN or OAM or predefined RAN visible QoE metrics for each service type, to indicate the UE to report RAN visible QoE metrics. 
1.	gNB sends the RAN visible QoE configuration to UE, may along with the QoE measurement configuration container transmitted from CN or OAM. 
2.	UE receives and applies the RAN-visible QoE configuration and/or QoE measurement configuration container. The RAN visible QoE Configuration may be so that the corresponding RAN visible QoE information  can be a unique score or includes a combination of scores reflecting the QoE metrics useful for RAN (such as buffer level). Whether the RAN visible QoE information also includes one total score is FFS. The encoding of RAN visible QoE configuration and RAN visible reporting is FFS. If indicated by RAN in the RAN-visible QoE configuration, Tthe RAN-visible 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 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.	gNB reads the RAN visible QoE information and/or forwards the QoE report container to QoE server accordingly. 
[bookmark: _Toc56437931]6.7.1 	Initial analysis on RAN visible QoE metrics
Whether the potential benefits could be justified or not, however, need detailed analysis, there are pros and cons, and some parameters may have nothing to do with RAN, the table below are some QoE parameter for different services, with some initial analysis of potential benefits. These parameters could be classified into two different types, i.e. related with RAN and non-related with RAN according to the relationships with RAN. Detailed information for parameters could be referred to Annex part.
As could be seen from the table below, some of QoE metrics may have nothing to do with RAN, some of them are user behaviour related, and some may be related with RAN behaviour. Whether any metric is beneficial for RAN and could be visible to RAN, should be studied one by one.
Table 1 Initial analysis on QoE Report visibility at RAN
	
	Parameters
	Potential benefits
	Remark

	Related with RAN
	· Round-trip time…
	Not clear
	If Round-trip time is large, RAN could try to compensate based on RAN part delay, but the cost might be significant. RTT is also related with many factors like UE capability, radio quality, radio load, etc., to adjust radio transmission delay for one user may impact other users, and the effect for the whole system performance is unpredictable.

	
	· Jitter duration
	Not clear
	there are other factors affecting jitter, e.g. buffer size available at UE side, processing delay etc., if RAN already fulfil QoS requirement, not sure what else RAN could do.

	
	· Corruption duration
	Not clear
	If the RAN can know the results of this metric, the RAN can adjust the resource allocation of the UE to satisfy the user experience

	
	· Average Throughput
	Not clear
	RAN could measure RAN side throughput by itself and make adjustment accordingly, so this metric has some relation with RAN though, the benefit seems unclear.

	
	· Initial playout delay
	Not clear
	

	
	· …
	
	

	Non-related with RAN
	· Device information…
	NA
	this metric may have potential privacy issues because it exposes the user information

	
	· Rendered viewports
	NA
	This metric may have potential privacy issues because it exposes the user behaviour

	
	· Codec Information
	NA
	

	
	· Buffer level
	Might be useful.
	If the RAN can know the results of buffer level, the RAN can adjust the resource allocation of the UE to ensure there is enough buffer for the streaming.

	
	· …
	
	



X. Annex – List of QoE metrics for different services
For steaming service, including MBMS [3]: 
-	Representation switch events: to record switch events during playing
-	Average Throughput
-	Initial Playout Delay: from the fetch of the first media Segment (or sub-segment) and the time at which media is retrieved from the client buffer
-	Buffer level: list of buffer occupancy level measurements during playout at normal speed
-	Play List: A list of playback periods. A playback period is the time interval between a user action and whichever occurs soonest of the next user action, the end of playback or a failure that stops playback.
-	MPD (Media presentation description) Information: This metric can be used to report Representation information from the MPD, so that reporting servers without direct access to the MPD can understand the used media characteristics.
-	Playout Delay for Media Start-up: from the time instant of DASH player receives play-back-start trigger to the instant of media playout.
-	Device information: A list of device information objects
-	Interactivity Summary: summarizes the measurements of interactivity usage according to different metrics such as user consumption of rendered interactivity content or engagement with user interface (UI) functionality, such as viewing, clicking on or selection of hyperlinks, radio buttons, check boxes and other forms of UI displays or controls.
-	Interactivity Event List: A time-ordered list of interactivity events occurring during the playout of the main program, each containing detailed information on the incidences of interactivity usage during that event, as covered by an instance of the interactivity usage report.
-	Interactivity Usage Metrics
-	……
For MTSI [4]:
-	Corruption duration metric: the time period from the NPT time of the last good frame (since the NPT time for the first corrupted frame cannot always be determined) before the corruption, to the NPT time of the first subsequent good frame
-	Successive loss of RTP packets: number of successive lost RTP packets
-	Frame rate
-	Jitter duration
-	Sync loss duration
-	Round-trip time
-	Average codec bitrate
-	Codec Information
-	……
For VR [5]:
-	Comparable quality viewport switching latency: the latency and the quality-related factors when viewport movement causes quality degradations, such as when low-quality background content is briefly shown before the normal higher-quality is restored.
-	Rendered viewports: a list of viewports that have been rendered during the media presentation
-	VR Device information: A list of device information objects
-	……
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