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1. Introduction 
The support for RAN visible QoE was included in the QoE WI [1] as shown below:
· To support RAN visible QoE, evaluate and specify an initial relevant set of RAN-visible QoE parameters, then specify configuration and reporting. [RAN3, RAN2]

In this paper, we discuss the details further based on the initial study captured in the TR [2].
1. Discussion
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. If the RAN needs to make use of the QoE concept, it might be necessary that QoE information should be visible by the RAN. 
1. RAN visible QoE parameters
RAN-visible QoE parameters include QoE information abstracted from SA4 defined QoE metrics by UE, which the RAN may use for various types of optimizations. 
The RAN-visible QoE can be of two types:
· RAN-visible QoE metrics: A subset of QoE metrics data collected from UE, which are useful for RAN.
· RAN-visible QoE values: A set of values derived from QoE metrics data through a model/function defined in collaboration with SA4.
Observation 1: RAN visible QoE can be either RAN visible QoE metrics (subset of legacy QoE metrics of interest to RAN) or RAN visible QoE values (derived from legacy QoE metrics through a model/function)
Table 1 summarizes different QoE metrics defined for different services. The ones highlighted in yellow were analysed initially in the SI phase and captured in the TR. The rows highlighted in green are the ones we feel could be useful as RAN visible QoE information and could be studied further whether to include in the RAN visible QoE container by UE.
Proposal 1: The following QoE metrics could be included as RAN visible QoE metrics for the corresponding service types:
· MTSI - Corruption Duration, Jitter duration, Round-trip time
· MBMS - Corruption Duration, Jitter duration, Rebuffering duration, Initial buffering duration, Content Access/Switch Time, Network Resource
· DASH and VR – Average Throughput, Buffer level, Play List
Table 1: QoE metrics for different service types
	MTSI (26.114)
	MBMS (26.346)
	DASH (26.247)
	VR (26.118)

	Corruption duration
	Corruption duration
	
	

	Successive loss of RTP packets
	Successive loss of RTP packets
	
	

	Frame Rate
	Frame rate deviation
	
	

	Jitter Duration
	Jitter duration
	
	

	Sync loss Duration
	
	
	

	Round-trip Time
	
	
	

	Average Codec Rate
	Average codec bitrate
	
	

	Codec information
	Codec information
	
	

	
	Rebuffering duration
	
	

	
	Initial buffering duration
	
	

	
	Content Access/Switch Time
	
	

	
	Network Resource
	
	

	
	Loss of Objects
	
	

	
	Distribution of Symbol Count Underrun for Failed Blocks
	
	

	
	
	Representation Switch Events
	Representation Switch Events

	
	
	Average Throughput
	Average Throughput

	
	
	Initial Playout Delay
	Initial Playout Delay

	
	
	Buffer Level
	Buffer Level

	
	
	Play List
	Play List

	
	
	MPD Information
	MPD Information

	
	
	Playout Delay for Media Start-up
	Playout Delay for Media Start-up

	
	
	Device information
	Device information

	
	
	
	Comparable quality viewport switching latency

	
	
	
	Rendered viewports

	
	
	
	VR Device information

	
	
	Interactivity Summary
	

	
	
	Interactivity Event List
	



Table 2: QoE metrics description and analysis
	Metric
	Description
	Analysis

	Corruption duration
	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
Corruption duration is indicated in milliseconds
	Could be useful at RAN to adjust resource allocation of the UE to satisfy user experience

	Successive loss of RTP packets
	Number of RTP packets lost in succession (excluding FEC packets) per media channel.
	

	Frame Rate
	Frame rate indicates the playback frame rate. The playback frame rate is equal to the number of frames displayed during the measurement resolution period divided by the time duration, in seconds, of the measurement resolution period.
This metric is expressed in frames per second, and can be a fractional value
	

	Frame rate deviation
	Frame rate and frame rate deviation indicates the playback frame rate information. Frame rate deviation happens when the actual playback frame rate during a measurement period is deviated from a pre-defined value.
	

	Jitter Duration
	Jitter happens when the absolute difference between the actual playback time and the expected playback time is larger than JitterThreshold milliseconds. The expected time of a frame is equal to the actual playback time of the last played frame plus the difference between the NPT time of the frame and the NPT time of the last played frame.
The unit of this metric is expressed in seconds, and can be a fractional value
	Maybe; may have other factors. FFS

	Sync loss Duration
	Sync loss happens when the absolute difference between value A and value B is larger than SyncThreshold milliseconds. Value A represents the difference between the playback time of the last played frame of the video stream and the playback time of the last played frame of the speech/audio stream. Value B represents the difference between the expected playback time of the last played frame of the video stream and the expected playback time of the last played frame of the speech/audio stream. 
	

	Round-trip Time
	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.

The unit of this metrics is expressed in milliseconds.
	Maybe useful; but could be costly

	Average Codec Rate
	The average codec bitrate is the bitrate used for coding "active" media information during the measurement resolution period. 
	

	Codec information
	The codec information metrics contain details of the media codec settings used in the receiving direction during the measurement resolution period. 
 
If the codec information is changed during the measurement resolution period, the codec information valid when each measurement resolution period ends shall be reported. The unit of this metric is a string value. No "white space" characters are allowed in the string values, and shall be removed if necessary.
	

	Rebuffering duration 

	Rebuffering is defined as any stall in playback time due to any involuntary event at the client side.

The unit of this metrics is expressed in seconds and can be a fractional value.
	

	Initial buffering duration 
	Time from receiving the first RTP packet until playing starts

The unit of this metrics is expressed in seconds and can be a fractional value.
	

	Content Access/Switch Time
	Content access/switch time is the time that elapses between the initiation of a content request/switch by the user and up to the time when the first packet of the content or media stream is received.

The unit of this metrics is expressed in seconds, and can be a fractional value
	

	Network Resource
	The Network_Resource identifies the cell which has been used during each measurement resolution duration. There may be many measurement resolution durations in a reception report for a session, each of which identified with a cell identity in which the measurement was performed

In E-UTRAN, the cell is identified by the E-UTRAN Cell Global Identification (ECGI) which is a concatenation of the PLMN Identifier (PLMN-Id) and the E-UTRAN Cell Identity (ECI).
	

	Loss of Objects
	Indicates the number of objects lost in a FLUTE session during a resolution period. 
	

	Distribution of Symbol Count Underrun for Failed Blocks
	Calculated by subtracting the total number of source symbols, from the number of received symbols for a failed block in a failed object
	

	Representation Switch Events
	Annex D.4.4 in ISO/IEC 23009-1 [43] defines the metrics for representation switch events.
	User behaviour

	Average Throughput
	Indicates the average throughput that is observed by the client during the measurement interval.
AvgThroughput can include the following:
	numbytes
	The total number of the content bytes, i.e. the total number of bytes in the body of the HTTP responses, received during the measurement interval. 

	activitytime
	The activity time during the measurement interval in milliseconds. The activity time during the measurement interval is the time during which at least one GET request is still not completed (i.e. excluding inactivity time during the measurement interval).

	t
	The real time of the start of the measurement interval

	duration
	The time in milliseconds of the measurement interval 

	accessbearer
	Access bearer for the TCP connection for which the average throughput is reported

	inactivitytype
	Type of the inactivity, if known and consistent throughout the reporting period:
User request (e.g. pause)
Client measure to control the buffer
Error case



	RAN can measure by itself, not needed?

	Initial Playout Delay
	The initial playout delay is measured as the time 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.
	

	Buffer Level
	Annex D.4.5 in ISO/IEC 23009-1 [43] defines the metrics for buffer level status events.
A list of buffer occupancy level measurements during playout at normal speed.
Level of the buffer is included in milliseconds. Indicates the playout duration for which media data of all active media components is available starting from the current playout time.
Time of the measurement of the buffer level is also included.

	Could be useful to adjust resource allocation and improve scheduling efficiency

	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.
But can network decode this structure?
[image: ]
Example for Playout
- 5 seconds of initial stalling
- 10 seconds playing with representation 1
- 15 seconds of stalling
- 20 seconds playing with representation 2
- 30 seconds playing with representation 1
	Maybe useful

	MPD 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.
	Not useful

	Playout Delay for Media Start-up
	The playout delay for media start-up is measured as the time in milliseconds from the time instant of DASH player receives play-back-start trigger to the instant of media playout.
	

	Device information
	This metric contains information about the displayed video resolution as well as the physical screen characteristics. If the video is rendered in full-screen mode, the video resolution usually coincides with the characteristics of the full physical display. If the video is rendered in a smaller subwindow, the characteristics of the actual video window shown shall be logged.
	May have privacy concerns. But could be useful to know videoWidth and videoHeight

	Comparable quality viewport switching latency
	The comparable quality viewport switching latency metric reports 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
	The rendered viewports metric reports a list of viewports that have been rendered during the media presentation. 
	Privacy concerns

	VR Device information
	This metric contains information about the device, and is logged at the start of each session and whenever changed (for instance if the rendered field-of-view for the device is adjusted). If an individual metric cannot be logged, its value shall be set to 0 (zero) or to the empty string.
	



It was also discussed in SI phase whether RAN-visible QoE metrics can be simplified values derived from individual useful SA4-defined QoE metrics or combinations of these values in the form of e.g.:
· Numeric values on scale from 0 to x;
· Binary flags;
· Objective qualitative representations (“good QoE”, “moderate QoE”, “bad QoE”)
The SA4 defined QoE metrics identified in Proposal 1 can also be expressed qualitatively as a numeric/objective value based on some predefined formula defined by SA4. 
	Metric
	Unit
	Formula for qualitative QoE metric

	Buffer level
	milliseconds
	Example:
· Buffer level < X ms – small buffer
· Buffer level >= X ms – large buffer

	Corruption duration
	milliseconds
	

	Jitter duration
	seconds
	

	Round-trip Time
	milliseconds
	

	Rebuffering duration
	seconds
	

	Initial buffering duration
	seconds
	

	Content Access/Switch Time
	seconds
	

	Average Throughput
	bytes
	Example:
· Avg. Throughput < Y bytes – small buffer
· Avg. Throughput >= Y bytes – large buffer



For the above to work, the formula to represent the QoE metrics should be defined explicitly in SA4 e.g. define X or Y. We propose to send an LS to SA4 to check if this qualitative representation of SA4 metrics is feasible.
Observation 2: Qualitative representation of QoE metrics in terms of a numerical value or an objective representation requires a model/function to be defined for each RAN visible QoE metric
Proposal 2: Send LS to SA4 to check if RAN visible QoE values can be supported i.e. certain QoE metrics of interest to RAN can be represented qualitatively in terms of a numerical QoE score or objective representation 
1. [bookmark: _Toc63666549][bookmark: _Toc63698360][bookmark: _Toc63722795][bookmark: _Toc63723240][bookmark: _Toc65082784][bookmark: _Toc68707546]RAN visible QoE configuration and reporting 
To keep RAN visible QoE configuration simple, we think RAN should just add an indication to report a fixed set of RAN-visible QoE metrics predefined per service type and not be allowed to explicitly ask the UE to report certain RAN-visible QoE metrics. UE will report the RAN visible QoE metrics whichever is available.
Proposal 3: RAN visible QoE configuration should simply be a 1 bit indication requesting UE to report a fixed set of RAN-visible QoE metrics predefined per service type i.e. RAN is not allowed to explicitly ask the UE to report certain RAN-visible QoE metrics
Since RAN visible QoE is derived from legacy QoE metrics, the RAN should be able to configure RAN-visible QoE autonomously for a given service type only if the application layer QoE for the same service type is already configured. UE should ignore the RAN visible QoE configuration if RAN visible QoE is configured without configuring application layer QoE for the same service type.
Proposal 4: UE should ignore the RAN visible QoE configuration if RAN visible QoE is configured without configuring application layer QoE for the same service type.
It was also captured in TR as a principle that the RAN is responsible for assembling and triggering the RAN-visible QoE measurement configuration. Again, to keep it simple, RAN should not define any specific periodic or event triggers for RAN visible QoE and UE should report RAN visible QoE together with application layer QoE.
Proposal 5: RAN is not allowed to define specific periodicity or event trigger for RAN-visible QoE and UE should report RAN visible QoE together with application layer QoE, if configured.
The RAN-visible 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 RAN-visible report, along with the QoE report container, but as a separate IE, in the MeasReportAppLayer IE, and sends it to the RAN.
Proposal 6: The RAN-visible QoE report is provided from the application layer of the UE to the UE’s RRC layer by means of an AT command which is included along with the QoE report container as a separate IE, in the MeasReportAppLayer IE, and sent to the RAN. Send LS to RAN2 and CT1 to confirm.
Figure 1 shows the message flow for RAN-visible QoE information configuration and reporting as captured in the TR.


Figure 1: RAN-visible QoE information reporting
1. Handling RAN visible QoE during mobility
In case of handovers or resume from RRC_INACTIVE,  target node needs to know whether RAN visible QoE was configured in the source node for each service type to be able to collect RAN visible QoE reports and forward it back to source node. 
Proposal 7: RAN visible QoE configuration transfer is supported on the Xn and NG interface by including a RAN visible QoE Configured IE in UE Application Layer Measurement Configuration inside the Trace Activation IE.
Proposal 8: RAN visible QoE report is signaled from the target node back to the source node over Xn in HANDOVER REPORT or a new Xn message
Also RAN visible QoE might include QoE metrics which would be of relevance to gNB-DU and optimizations can be performed accordingly at the DU. We therefore propose to forward the QoE report from gNB-CU to gNB-DU.
Proposal 9: RAN visible QoE report from UE is forwarded over the F1 interface i.e. from gNB-CU to gNB-DU.
1. Conclusion
Observation 1: RAN visible QoE can be either RAN visible QoE metrics (subset of legacy QoE metrics of interest to RAN) or RAN visible QoE values (derived from legacy QoE metrics through a model/function)
Proposal 1: The following QoE metrics could be included as RAN visible QoE metrics for the corresponding service types:
· MTSI - Corruption Duration, Jitter duration, Round-trip time
· MBMS - Corruption Duration, Jitter duration, Rebuffering duration, Initial buffering duration, Content Access/Switch Time, Network Resource
· DASH and VR – Average Throughput, Buffer level, Play List
Observation 2: Qualitative representation of QoE metrics in terms of a numerical value or an objective representation requires a model/function to be defined for each RAN visible QoE metric
Proposal 2: Send LS to SA4 to check if RAN visible QoE values can be supported i.e. certain QoE metrics of interest to RAN can be represented qualitatively in terms of a numerical QoE score or objective representation 
Proposal 3: RAN visible QoE configuration should simply be a 1 bit indication requesting UE to report a fixed set of RAN-visible QoE metrics predefined per service type i.e. RAN is not allowed to explicitly ask the UE to report certain RAN-visible QoE metrics
Proposal 4: UE should ignore the RAN visible QoE configuration if RAN visible QoE is configured without configuring application layer QoE for the same service type.
Proposal 5: RAN is not allowed to define specific periodicity or event trigger for RAN-visible QoE and UE should report RAN visible QoE together with application layer QoE, if configured.
Proposal 6: The RAN-visible QoE report is provided from the application layer of the UE to the UE’s RRC layer by means of an AT command which is included along with the QoE report container as a separate IE, in the MeasReportAppLayer IE, and sent to the RAN. Send LS to RAN2 and CT1 to confirm.
Proposal 7: RAN visible QoE configuration transfer is supported on the Xn and NG interface by including a RAN visible QoE Configured IE in UE Application Layer Measurement Configuration inside the Trace Activation IE.
Proposal 8: RAN visible QoE report is signaled from the target node back to the source node over Xn in HANDOVER REPORT or a new Xn message
Proposal 9: RAN visible QoE report from UE is forwarded over the F1 interface i.e. from gNB-CU to gNB-DU.
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