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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last meeting, RAN3 discussed the RAN-visible QoE and had the following agreements:
The service types supported in the Rel17 RAN-visible QoE framework are DASH streaming and VR.
WA: The following metrics, pertaining to DASH streaming and VR services, should be supported in the Rel17 RVQOE framework:
- Buffer Level 
- Average Throughput
- Playout Delay
- Play List (FFS)
Additional metrics are FFS; detailed descriptions are FFS.
LS to other WGs, based on the resolution of the WA above, is expected at the next RAN3 meeting.
The following is supported within the RVQOE framework:
- RAN-visible QoE metrics: a subset of legacy 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 (pending SA4).
WA: The RAN generates the RVQOE measurement configuration
The UE is assumed to indicate to the RAN its capability with respect to providing RVQOE metrics (LS to RAN2 seems needed).
WA: RVQOE collection can be configured only if QoE measurements are configured for the same service type.
Together with the QoE measurements, the RVQOE is supported in the following aspects:
- Activation, and deactivation procedures 
- WA: Multiple simultaneous QoE measurements
- QoE measurement handling in case of RAN overload (FFS)
- Per-slice QoE (FFS)
The support for RVQOE in other aspects (e.g. mobility, alignment with radio-related measurements) is FFS.
WA: the ID used to identify QoE measurements is reused for identifying the RVQOE measurements. 
WA: the RVQOE report is provided inside a dedicated IE, outside the QoE report container. 
FFS whether the RVQOE reporting is upon RAN request.
Send an LS asking SA4 input on how RVQOE values can be defined, for the metrics selected for RVQOE support and whether the UE can generate RVQOE values.
Whether transfer of RVQOE configuration to the target be supported will be discussed after the basic solution for mobility has been defined.
Whether the RVQOE report can be signaled from the target to the source at handover will be discussed after the basic solution for mobility has been defined.
WA: gNB-CU may signal RVQoE report to gNB-DU over F1
This contribution focuses on the further analysis on RAN visible QoE.
2. Discussion
2.1 RAN visible metrics
In the last meeting, RAN3 has agreed to focus on the RAN visible QoE for the DASH streaming and VR, and also has agreed that the RAN-visible QoE metrics are a subset of legacy QoE metrics data collected from UE, which are useful for RAN.
RAN3 has the following WA:
WA: The following metrics, pertaining to DASH streaming and VR services, should be supported in the Rel17 RVQOE framework:
- Buffer Level 
- Average Throughput
- Playout Delay
- Play List (FFS)
Additional metrics are FFS; detailed descriptions are FFS.
The buffer level is defined as the playout duration for which media data of all active media components is available starting from the current playout time as defined in ISO/IEC 23009-1. As described in the TR 38.890, the RAN can adjust the resource allocation of the UE to ensure there is enough buffer for the streaming based on the reported buffer level. It can help to improve the scheduling efficiency.
[image: ]
Observation 1: Buffer level can be used to adjust the resource allocation of the UE to ensure there is enough buffer.
The average throughput is observed by the client during the measurement interval. SA5 had defined the DL UE throughput and DL PDCP SDU data volume measurement in TS 28.552. In our understanding, RAN can estimate the average throughput based on these existing measurements. Therefore we do not see the benefits of reporting the average throughput.
Observation 2: RAN can estimate the average throughput based on the DL UE throughput or DL PDCP SDU data volume measurement defined by SA5.
According to the TS 26.247, SA4 defines the initial playout delay and the playout delay for media start-up. The initial playout delay only indicates the performance at the start of the streaming of the presentation. In our understanding, the RAN cannot use it to optimize the user experience for the following packets transmission.
Observation 3: RAN cannot use the initial playout delay to optimize the user experience for the following packets transmission. The benefits of reporting the playout delay for media start-up is not clear.

	Key
	Type
	Description

	InitialPlayoutDelay
	Integer
	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.



The playout delay for media start-up indicates the waiting time that the user experiences for media start-up. The RAN does not know when the next media start-up will happen and does not know when to use this metric. Also this delay is not equal to the delay of DL or UL data transmission. Therefore we do not see the benefits of reporting this metric.
 
	PlayoutDelayforMediaStartup
	Integer
	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.
-	If the MPD has been delivered earlier before the user clicks, it may include the process time of MPD, the fetch time of some media segments which are required for media presentation, the process time of segments, and the time for media decode and render to the user.
-	If no MPD has been fetched earlier, it also needs to add the fetch time of MPD.



Observation 4: RAN does not know when the next media start-up will happen. The benefits of reporting the playout delay for media start-up is not clear.
The play list defines 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. In our understanding, the metric includes user actions. Therefore this metric may have potential privacy issues. In the last meeting, some companies propose a simplified version of play list to indicate the representation quality (i.e. whether there is stalling events and the list of stalling events). In our understanding, the stalling events can be indicated by the buffer level (i.e the buffer level is 0). 
	Key
	Type
	Description

	PlayList
	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.

	
	Entry
	Object
	A record of a single playback period.

	
	
	start
	Real Time
	Timestamp of the user action that starts the playback period.

	
	
	mstart
	Media Time
	The presentation time at which playout was requested by the user action.

	
	
	starttype
	Enum
	Type of user action which triggered playout
- New playout request (e.g. initial playout or seeking)
- Resume from pause
- Other user request (e.g. user-requested quality change)
- Start of a metrics collection period (hence earlier entries in the play list not collected)

	
	
	Trace
	List
	List of periods of continuous rendering of decoded samples.

	
	
	
	Traceentry
	Objects
	Single entry in the list.

	
	
	
	
	representationid
	String
	The value of Representation@id from which the samples were taken.
This is an optional parameter and should not be reported in case of progressive download.

	
	
	
	
	subreplevel
	Integer
	If not present, this metric concerns the Representation as a whole. If present, subreplevel indicates the greatest value of any SubRepresentation@level being rendered.
This is an optional parameter and should not be reported in case of progressive download.

	
	
	
	
	start
	Real Time
	The time at which the first sample was rendered.

	
	
	
	
	sstart
	Media Time
	The presentation time of the first sample rendered.

	
	
	
	
	duration
	Integer
	The time in milliseconds of the duration of the continuously presented samples (which is the same in real time and media time). "Continuously presented" means that the media clock continued to advance at the playout speed throughout the interval.

	
	
	
	
	playbackspeed
	Real
	The playback speed relative to normal playback speed (i.e.normal forward playback speed is 1.0).

	
	
	
	
	stopreason
	Enum
	The reason why continuous presentation of this representation was stopped. Either:
- representation switch (not relevant in case of progressive download)
- rebuffering
- user request
- end of period
- end of content
- end of a metrics collection period
- failure
- other

	
	
	
	
	stopreasonother
	String
	The stopreasonother attribute shall be included only if stopreason attribute is included and has the enum value other. In this release of the specification, the sender of this string shall set its value to one of the following::
- switch from unicast to broadcast
- switch from broadcast to unicast
The  receiver of this attribute shall ignore this attribute if its string is set to differerent value than the values listed above.



Observation 5: The buffer level can indicate the stalling events in the simplified version of play list. The benefits of reporting the play list is not clear.
According to the TS 26.247 and TS 26.118, the QoE metrics for streaming and VR also include the representation switch events, MPD information and Device information. And the QoE metrics for VR also include the rendered viewports.  We does not see the benefits for reporting these metrics in RAN visible QoE.
[bookmark: _Toc528271054]The QoE metrics for VR also include the comparable quality viewport switching latency. This 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. In our understanding, the RAN does not know when the viewport will be changed and does not know when to use this metric. Also this delay is not equal to the delay of DL or UL data transmission. Therefore we do not see the benefits of reporting this metric.
Proposal 1: Agree to include the buffer level as one of RAN visible metrics, continue to discuss the necessity of including Average Throughput, Playout Delay, Play List.
2.2 Configuration and Reporting
In the last meeting, there is one WA about how to generate the configuration of RVQOE.
WA: The RAN generates the RVQOE measurement configuration
In our understanding, the motivation of RVQOE is to optimize the radio resource configuration/scheduling of the UE in order to improve the QoE. Therefore it should be the RAN to generate the RVQOE measurement configuration.
 Proposal 2: The RAN generates the  configuration of collecting RAN visible QoE metrics.
In the last meeting, RAN3 has the following agreement and work assumption:
The following is supported within the RVQOE framework:
- RAN-visible QoE metrics: a subset of legacy 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 (pending SA4).
WA: RVQOE collection can be configured only if QoE measurements are configured for the same service type.
If the RAN visible QoE and legacy QoE measurements can be configured independently, the APP of the UE need to perform two measurement mechanisms. It will increase the complexity of the UE. Also if they can be configured simultaneously, RAN3 need to discuss whether the UE will perform both of these measurement or only perform one of them. It will increase the work of RAN3. 
Proposal 3: Collection of RAN visible QoE metrics for a service type  can be configured only if QoE measurements are configured for the same service type.
According to the agreements in RAN3, RAN-visible QoE metric is a subset of legacy QoE metrics data 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.
Another point is, QoE metrics are explicitly listed in the container, which actually indicate implicitly that these metrics are configurable, otherwise there is no need to list them but just a fixed set defined in the spec. This would further lead to a situation that some QoE metrics might be required as visible ones and to be configured by RAN but are not listed in the container of QoE measurement configuration, the UE will not measure and report these RAN visible QoE metrics for an ongoing session according to the rules in SA4. Such situation might cause unpredicted behaviour and may also increase the complexity of the UE.
Observation 6: QoE metrics of QoE measurements for each service type are configurable, which would require that RAN visible QoE metrics should not exceed the ones configured by application layer.  
Also, different gNB may have different requirements on the RAN visible metrics, if the gNB does not know which RAN visible QoE metrics will be measured based on the QoE measurement configuration container, the RAN will only indicate the UE to report all the metrics that specified in RAN3. The UE will report all the RAN visible QoE metrics for the service type even if the RAN does not need it. In our understanding, it will increase the overhead of Uu if RAN3 agrees some RAN visible QoE metrics for the same service type.
Taking all the analysis above into account, we think CN/OAM should explicitly indicate to RAN the metrics which could be visible in RAN and are also configured in the container, RAN will finally decide which metric(s) to be reported as visible.
Proposal 4: For the RAN visible metrics, it should explicitly indicate to RAN the metrics which could be visible in RAN and are also configured in the container..
Proposal 4bis: The reporting of RAN visible QoE metrics is upon RAN request. RAN indicates which RAN visible QoE metrics to be reported in the RAN visible QoE configuration.
If the RAN visible QoE and normal QoE can be reported in different periods, the UE may need to measure the metrics in different periods. It will increase the complexity of the UE and the overhead of reporting signalling in Uu as well. Therefore we think the RAN visible QoE metrics should be reported together with the legacy QoE measurement results. 
As discussed in SI, the RAN will not decode the content in the container of QoE measurement. Therefore we think the RAN visible QoE metrics  are reported as a dedicated and explicit IE over Uu, outside the QoE report container.
Proposal 5: The RAN visible QoE metrics are reported together with the QoE report container, as an explicit IE outside the QoE report container over Uu. 
2.3 Others
In the last meeting, there are other WAs and FFSs for the RAN visible QoE metrics.
Together with the QoE measurements, the RVQOE is supported in the following aspects:
- Activation, and deactivation procedures 
- WA: Multiple simultaneous QoE measurements
- QoE measurement handling in case of RAN overload (FFS)
- Per-slice QoE (FFS)
The support for RVQOE in other aspects (e.g. mobility, alignment with radio-related measurements) is FFS.
WA: the ID used to identify QoE measurements is reused for identifying the RVQOE measurements. 
Whether transfer of RVQOE configuration to the target be supported will be discussed after the basic solution for mobility has been defined.
Whether the RVQOE report can be signaled from the target to the source at handover will be discussed after the basic solution for mobility has been defined.
WA: gNB-CU may signal RVQoE report to gNB-DU over F1
In the last meeting, RAN3 has agreed to support the activation and deactivation procedures for RAN visible QoE metrics. According to the above proposals, the RAN visible QoE metrics collection can be configured only if the QoE measurements are configured for the same service type and also it is the RAN to generate the RAN visible QoE metrics configuration. Therefore we think the activation and deactivation procedures does not have RAN3 impacts.
RAN3 and RAN2 has agreed to support simultaneously the legacy QoE measurement for different service types. According to the above proposals, the RAN visible QoE metrics collection can be configured only if the legacy QoE measurements are configured and reported together with the legacy QoE measurement results. In our understanding, it is easy to support the multiple simultaneous RAN visible QoE metrics and we think the RAN visible QoE metrics handling in case of RAN overload is same to the handing for the legacy QoE measurement, and the ID used to identify QoE measurement is reused for identifying the RAN visible QoE metrics.
In our understanding, the RAN may only want to optimize the radio resource configuration/scheduling for specific slice. Therefore RAN3 can support the RAN visible QoE metrics per slice. Also we think the DU may use the RVQOE report to optimize the RRM configuration/scheduling. Therefore we can think the CU may send the RAN visible QoE metrics report to DU. 
Proposal 6: Support the followings for the RAN visible QoE metrics
· Multiple simultaneous RAN visible QoE metrics measurement
· QoE measurement handling in case of RAN overload
· Per slice QoE
· the ID used to identify QoE measurements is reused for identifying the RAN visible QoE metrics measurements
· gNB-CU may signal RAN visible QoE metrics report to gNB-DU over F1
In the last meeting, RAN3 has agreed to send the LSs to other WGs for the agreements of RAN visible QoE metrics in this meeting. Therefore we prepare the draft LS in [1].
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposal.
Observation 1: Buffer level can be used to adjust the resource allocation of the UE to ensure there is enough buffer
Observation 2: RAN can estimate the average throughput based on the DL UE throughput or DL PDCP SDU data volume measurement defined by SA5.
Observation 3: RAN cannot use the initial playout delay to optimize the user experience for the following packets transmission. The benefits of reporting the playout delay for media start-up is not clear.
Observation 4: RAN does not know when the next media start-up will happen. The benefits of reporting the playout delay for media start-up is not clear.
Observation 5: The buffer level can indicate the stalling events in the simplified version of play list. The benefits of reporting the play list is not clear.
Observation 6: QoE metrics of QoE measurements for each service type are configurable, which would require that RAN visible QoE metrics should not exceed the ones configured by application layer.  
Proposal 1: Agree to include the buffer level as one of RAN visible metrics, continue to discuss the necessity of including Average Throughput, Playout Delay, Play List.
Proposal 2: The RAN generates the  configuration of collecting RAN visible QoE metrics.
Proposal 3: Collection of RAN visible QoE metrics for a service type can be configured only if QoE measurements are configured for the same service type.
Proposal 4: For the RAN visible metrics, it should explicitly indicate to RAN the metrics which could be visible in RAN and are also configured in the container.
Proposal 4bis: The reporting of RAN visible QoE metrics is upon RAN request. RAN indicates which RAN visible QoE metrics to be reported in the RAN visible QoE configuration.
Proposal 5: The RAN visible QoE metrics are reported together with the QoE report container, as an explicit IE outside the QoE report container over Uu. 
Proposal 6: Support the followings for the RAN visible QoE metrics
· Multiple simultaneous RAN visible QoE metrics measurement
· QoE measurement handling in case of RAN overload
· Per slice QoE
· the ID used to identify QoE measurements is reused for identifying the RAN visible QoE metrics measurements
· gNB-CU may signal RAN visible QoE metrics report to gNB-DU over F1
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Table D.4 — List of buffer level

Busferievel List List of buffer occupancy level measurements during
playout at normal speed.
{ (Entry Object One buffer level measurement.
® Real-Tine Time of the measurement of the buffer level.
Tevel Integer Level of the buffer in milliseconds. Indicates the playout

duration for which media data of all active media compo-|
nents is available starting from the current playout time.

The key is Buzzerievel (x), where n is a positive integer defined to refer to the metric in which the
buffer level is recorded every n ms.




