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1. Introduction
In RAN #86 meeting, the new SID [1] on NR QoE management and optimizations for diverse services was agreed. In the last meeting, RAN3 discussed the framework for triggering, configuring, measurement collection and reporting. RAN3 has the following agreement:
	NR QoE management supports following service types: 
Streaming video: TS 26.247
VR: TS 26.118
MTSI: TS 26.114
MBMS: TS 26.347
Study the requirements for QoE report visibility at the RAN.


In this contribution, we will further discuss the QoE report visibility at the RAN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
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.
In the last meeting, most of the companies think QoE reports should take the QoE metrics defined by the SA4 as the baseline, the rest of the paper will try to have brief analysis on QoE parameters and if RAN could be benefited from such parameters. 
According to SA4 specs, e.g. streaming services in TS 26.247, MTSI services in TS 26.114, VR services in TS 26.118, we could see that some of parameters are RAN related, some are not related at all. Some examples are listed below for reference.
For steaming:
· 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
· [bookmark: _Toc26283836]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
· 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
· 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
· ……

When we try to look into these parameters a bit further, we could see that these metrics can be mainly classified into two types according to whether there is any direct relation with RAN. 
Type 1: Related with RAN
Type 2: Non-related with RAN
Here we could have some further brief analysis for these parameters, and we could take some of the parameters as example based on a brief and simple rule like 1) might be useful, 2) benefits not clear, 3) no benefits foreseen:
Case 1: Might be useful
· Buffer level: It is for the streaming services. The buffer level indicates the playout duration for which media data of all active media components is available starting from the current playout time. In our understanding, the RAN is difficult to estimate the buffer level because it is related with the user action (e.g. pause) and the playback speed. As we know, the continuous playback of streaming is very important for the user experience. 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.
Case 2: Benefits not clear
· Initial playout delay: It is for the streaming services. The metric is only logged at the time point when the playout of streaming video begins. It is measured as the time in in milliseconds from the fetch of the first media Segment (or sub-segment) and the time at which media is retrieved from the client buffer. In our understanding, this metric only reflects the initial playout delay. The RAN cannot use it to optimize the user experience for the following packets this streaming service, but maybe the RAN can use it to optimize the user experience for other UEs when the streaming services of other UEs begins.
· Round-trip time: It is for the MTSI services. The round-trip time (RTT) consists of the RTP-level round-trip time, plus the additional two-way delay (RTP level->loudspeaker->microphone->RTP level) due to buffering and other processing in each client. In our understanding, it includes the delay of CN part, the delay of RAN parts corresponding to clients and the delay of UE internal codec processing. RAN can know most of the delay of RAN part according to the delay measurement in R16 and RAN can adjust the resource allocation to satisfy the delay requirement of RAN part, but when RAN thinks the results of round-trip time is too large, maybe RAN can still reduce the delay in its own side to compensate the delay of other part, even if the delay within RAN has satisfy the delay requirement at its own side, but we think the cost will be significant because the RAN needs more resources to satisfy the extra delay requirement that exceed the requirement in its own side. Needless to say, 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, the effect for the whole system performance is unpredictable.
· Average Throughput: It is for the streaming services. This metric is a clean one, but 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.
· Jitter duration: Even RAN knows the jitter duration, it is still difficult for RAN to make adjustment to reduce jitter, since 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: It is for the MTSI services. Corruption duration is 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. A corrupted frame may either be an entirely lost frame, or a media frame that has quality degradation and the decoded frame is not the same as in error-free decoding. In our understanding, the RAN only knows the loss of packets. But one packet of PDCP SDU may include more than one frame. Therefore the RAN cannot estimate the value of this metric. If the RAN can know the results of this metric, it seems RAN could adjust the resource allocation of the UE to satisfy the user experience, but RAN could also adjust its algorithm according to radio interface delay/lo.
Case 3: No benefits foreseen
· Representation switch events: it is for the streaming services. The metric indicates the list of representation switch events (a switch event is the time at which the first HTTP request for a new representation, that is later presented, is sent). In our understanding, it is related with user behaviour, therefore this metric may have potential privacy issues and has nothing to do with radio layer.
· Device information: it is for both streaming services and VR services. For example, this metric for streaming contains information about the displayed video resolution as well as the physical screen characteristics. In our understanding, this metric may also have potential privacy issues because it exposes the user requirement information.
· Rendered viewports: it is for the VR services. The rendered viewports metric reports a list of viewports that have been rendered during the media presentation. In our understanding, this metric may also have potential privacy issues because it exposes the user behaviour.
Observation：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. 
Based on the observations above, we think that RAN3 need to estimate the potential impacts, pros and cons of different QoE parameters case by case if they are visible at RAN.
It is proposed RAN3 estimate the potential impacts, pros and cons of different QoE parameters case by case if they are at the RAN.
It is proposed RAN3 agree to capture the initial analysis in the Annex part into TR.
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Based on the discussion in this paper, we propose the following:
Observation 1：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.
1. It is proposed RAN3 estimate the potential impacts, pros and cons of different QoE parameters one by one if they are at the RAN.
1. It is proposed RAN3 agree to capture the initial analysis in the Annex part into TR.
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6.X QoE Report visibility at RAN
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.
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.

	
	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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