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1. Introduction 
In this paper, we continue the discussion on enhancements for RVQoE based on open issues identified last meeting.
2. Discussion
2.1  Threshold-based triggers for RAN visible QoE
Introduce buffer level as a threshold-based trigger for RVQoE reporting
Do not introduce the threshold-based trigger for reporting playout delay for media startup

In the previous RAN3 meeting, buffer level was agreed as a threshold-based trigger for RVQoE reporting. But we didn’t discuss any details e.g., the signaling over RRC and AT commands or how the threshold is represented. So, in this section, we go into more details on the same.

Observation 1: Buffer level was agreed as a threshold-based trigger for RVQoE reporting

Consider the figure below which describes how the signaling works to configure threshold-based triggers for reporting buffer level. In addition to the thresholds, we think we can also define a “Time-to-Trigger” (TTT) for buffer level reporting. The motivation behind this is same as the TTT defined for RRM measurements i.e., to avoid reporting if the event was met only “momentarily”. UE APP should ensure that the buffer level continuously meets the threshold for TTT duration and report only then.
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Proposal 1: NG-RAN node indicates the threshold and Time-to-Trigger (TTT) for reporting buffer level to UE AS via RRC. UE AS then forwards this threshold and TTT to UE APP via AT command.

Proposal 2: Threshold evaluation for buffer level (e.g., whether buffer level is greater or less than a certain threshold) should be done at UE APP. Buffer level is reported from UE APP to UE AS only if the threshold is met for TTT duration.

The threshold for reporting buffer level can be represented in several ways e.g., report buffer level if greater than a threshold or less than a threshold or within a range (lower threshold and upper threshold is provided). We therefore make the following proposal:

Proposal 3: RAN3 should discuss which of the following representations for threshold should be considered:
a. Report buffer level if greater than a threshold
b. Report buffer level if less than a threshold
c. Report buffer level if the value is within a range (lower threshold and upper threshold is provided)
 
Proposal 4: Send an LS to RAN2 and CT1 to provide necessary specification support for threshold-based buffer level reporting

In Rel-17, the buffer level measurement periodicity is calculated by the UE APP as the buffer level reporting periodicity divided by numberOfBufferLevelEntries. But if threshold-based reporting for buffer level is configured by NG-RAN node in Rel-18, it might not configure the reporting periodicity. Then it is not clear how the 

Proposal 5: RAN3 should confirm that ran-VisiblePeriodicity (reporting periodicity) will not be configured in case threshold-based triggers are used for reporting RVQoE metrics (e.g., buffer level).
If Proposal 5 is agreed, then it is not clear how frequently that the buffer level should be measured at UE APP for RVQoE reporting.

By default, the buffer level will be measured every n seconds (as configured by the container-based QoE) and can be measured more frequently (ran-VisiblePeriodicity divided by numberOfBufferLevelEntries) in case periodic reporting is configured. In case of threshold-based reporting, the following options can be considered for determining the buffer level measurement periodicity:
· Option 1: NG-RAN explicitly configures the buffer level measurement periodicity in case threshold-based triggers are configured
· Option 2:  Same as configured by the container-based QoE (every n seconds)
· Option 3: Up to UE implementation

Proposal 6: RAN3 should discuss how the UE APP should determine the buffer level measurement periodicity in case threshold-based triggers are used:
· Option 1: NG-RAN explicitly configures the buffer level measurement periodicity in case threshold-based triggers are configured
· Option 2:  Same as configured by the container-based QoE (every n seconds)
· Option 3: Up to UE implementation

In case of option 1, NG-RAN would blindly configure the buffer level measurement periodicity without even knowing how/when the threshold will be met. So, it can be discussed whether NG-RAN can configure an event for buffer level measurements as well. In this case, Event 1 will dictate when to start buffer level measurements (e.g., if threshold > X) and Event 2 will dictate when to report buffer level (e.g., if threshold > Y)

Proposal 7: In case option 1 is selected in Proposal 6, RAN3 should discuss whether a threshold-based trigger for buffer level measurements can be defined in addition to the threshold-based trigger for buffer level reporting.

2.2  Event-based triggers for RAN visible QoE

FFS the benefit and necessity of event-based triggers of RVQoE.

Event-based triggers e.g., radio-quality based event triggers or handover etc. were discussed last time. These are all “nice” to have, but this would mean higher UE complexity e.g., APP needs to be made aware when these events are triggered, or UE AS needs to discard/store the RVQoE measurements obtained from UE APP and report only when interesting event happens

Observation 2: Introducing radio quality-based triggers would mean higher UE complexity e.g., APP needs to be made aware when these events are triggered, or UE AS needs to discard/store the RVQoE measurements obtained from UE APP and report only when interesting event happens 

Also, we already have QMC/MDT alignment which enables efficient post-processing in the MCE. And the RAN is of course already aware of all these events and scenarios and can do its own processing if needed. An event-based trigger could save OTA signaling (and post-processing efforts in the MCE). But drawbacks are increased UE complexity and "hard-coded" replacement of existing flexible and implementation based post-processing functionality.

Proposal 8: There is no need to introduce event-based triggers to report RVQoE only during handover (or when radio quality is less than a threshold).
2.3  RAN visible QoE value
SA4 sent a reply LS to RAN3 on RVQoE value in R3-230046 as follows:
In general, SA4 believes that while in principle it is possible to define a RAN visible QoE value as described above by RAN3, the absence of the necessary standards makes it not feasible in practice at this stage. The above conclusion in TR 26.909 as cited by RAN3 still holds, and furthermore, additional factors for consideration are described below:
a) As a general principle, MOS-based QoE characterization must be performed according to standardized algorithms. The development of objective streaming quality standards is within the responsibility of ITU-T SG12. One example is the standard ITU-T P.1203 "Parametric bitstream-based quality assessment of progressive download and adaptive audio-visual streaming services over reliable transport", which was approved in 2016. 
b) ITU-T P.1203 addresses both individual short-term video and audio MOS estimation, as well as longer-term A/V MOS integration (minutes or longer, e.g., for the entire media session). The standardized algorithms include also low-complexity modes intended for implementation in receiving streaming client devices. However, its algorithms are somewhat outdated, and only cover H.264 up to HD quality. 
c) There is related follow-up ITU-T work to P.1203 in P.1204, which addresses MOS estimation for other, more modern codecs including H.265 and VP9, and up to 4K/UHD resolution. However, the planned specification of low-complexity quality assessment modules in P.1204 has not yet concluded in ITU-T SG12.
d) A measure of the overall QoE value for an ongoing service must in principle estimate the experience of the human user of the service. For multimedia services this inherently means that the overall service QoE cannot be evaluated “instantly”, but rather must be based on data covering longer periods of time, i.e., at a “human time-scale”. This input time-scale may vary from 10 seconds to the whole duration of the associated media content. For instance, P.1203 states 30 seconds as the shortest valid calculation interval. In other words, a provided MOS value would likely not support real-time RAN resource optimization.
e) Another characteristic of a MOS value is the inherent absence of granular information regarding the contributing components, making it difficult to know what aspect of the transmission chain to improve. Therefore, SA4 suggests that RAN3 evaluate the means to determine, when a quality degradation is detected, whether that is mainly attributable to the network itself, and if so, which network “knobs and dials” to adjust towards achieving dynamic and practical improvement in subjective QoE. 
f) The MOS-based QoE assessment methods of ITU-T, when applied to 3GPP, incurs additional processing overhead on the UE, especially at the application layer in executing the associated algorithms, the degree of which depends on the complexity of algorithm design. As stated earlier, the low-complexity algorithms of P.1204 are still not standardized.
Due to the relation to the ITU-T P.1204 work, SA4 also addresses this LS reply to ITU-T SG12, with inquiry on their plans for further work/completion of that work item. 
Observation 3: SA4 reply LS on RVQoE mentions that “while in principle it is possible to define a RAN visible QoE value as described above by RAN3, the absence of the necessary standards makes it not feasible in practice at this stage”

ITU-T SG12 also sent a reply LS in R3-230389 with the following text:

Question 1: "SA4 kindly requests ITU-T SG12 to check the above responses provided by SA4 to RAN3 and provide your comments and suggestions, along with any corrections."
ITU-T SG12 confirms that the current understanding of SA4 is correct.

Question 2: "In addition, SA4 requests ITU-T SG12 to inform 3GPP (esp. SA4, RAN3 and RAN2) about your plans regarding the P.1204 work item."
ITU-T SG12 have discussed the plans for completion of ITU-T P.1204 with low-complexity parametric models. However, although the P.1204 work item is still formally open, there is currently no clear roadmap for when such low-complexity models might be added into P.1204.

As it is not feasible from SA4 and ITU-T SG12 perspective to support RVQoE value at this stage, we propose RAN3 doesn’t work further to support RVQoE value in Rel-18.

Proposal 9: RAN3 doesn’t work further to support RVQoE value in Rel-18 

2.4 Assistance information for handling of QoE reporting upon RAN overload

RAN2 has made the following agreements related to priorities of QoE configuration:

FFS on whether to send the priority information 1) UE and gNB or 2) only to gNB
To wait for RAN3 decision on granularity of priority

We have been discussing for a long time whether OAM can provide some assistance e.g., priorities for QoE configuration that can be used as assistance on which QoE configuration(s) to pause/resume during overload. But some companies think this is just an assistance and won’t be useful at the gNB. So we propose to discuss the motivation before discussing any further.
Proposal 10: RAN3 should discuss whether gNB can ignore the OAM configured priorities for QoE configuration (if provided) and still pause/resume QoE configurations in any order based on its own implementation. If yes, the benefit of these OAM configured priorities seems limited and the motivation needs to be clarified.

If the OAM configured priorities has to absolutely obeyed by the gNB, then the priorities can be configured at different granularities e.g, per QoE Reference, per service type or per slice. 

Proposal 11: Priorities for QoE configurations (if deemed necessary and signaled from OAM to gNB) can be at different granularities e.g., per QoE Reference, per service type or per slice. RAN3 should discuss which of the granularities is to be supported.

2.5 gNB-DU initiated activation/deactivation/pause/resume of RVQoE reporting over F1

In Rel-17, we defined a F1AP message QOE INFORMATION TRANSFER which is sent from gNB-CU to gNB-DU to convey the RVQoE metrics. The F1AP message can also include other radio resource related details, e.g., PDU session ID, QoS flow ID, DRB ID used by the application session so that the scheduler in gNB-DU can appropriate optimizations. 

A concern was raised that currently gNB-DU can’t decide whether it wants to receive RVQoE reports or not. Currently, the gNB-CU just blindly sends it to all the gNB-DUs or can selectively sends it based on implementation e.g., send it to only those gNB-DUs which are not having overload.

We think it will useful if the gNB-DU can indicate to the gNB-CU its interest in receiving the RVQoE reports rather than gNB-CU taking a blind decision or depend on implementation.

Proposal 12: The gNB-DU can indicate to the gNB-CU its interest in receiving the RVQoE reports (i.e., whether it wants to start receiving or stop receiving the RVQoE reports) 

Further we don’t think we need a mechanism to pause/resume the QoE reporting. A simple stop/start indication should be enough

Proposal 13: There is no need to define a mechanism for gNB-DU to pause/resume the RVQoE reporting from gNB-CU to gNB-DU (start/stop is enough)  

2.6 gNB-DU participation in assembling the RVQoE configuration

It was further proposed that DU should be able to participate in assembling the RVQoE configuration e.g., it should be able to propose periodicity for RVQoE reporting, or which metrics is interested to receive. While we think it is reasonable, contrasting assistance from different gNB-DUs under the same gNB-CU would lead to conflicts and the gNB-CU would be confused what to configure the UE.

Observation 4: Even if gNB-DU participates in assembling the RVQoE configuration (e.g., by proposing periodicity for RVQoE reporting or the list of interested RVQoE metrics), gNB-CU would have the final say in the RVQoE configuration.

Observation 5: In case different gNB-DUs under the same gNB-CU provide contrasting suggestions for assembling the RVQoE configuration, this assistance from gNB-DU(s) is not useful.

We therefore propose to not consider the gNB-DU participation in assembling the RVQoE configuration

Proposal 14: There is no need for gNB-DU to participate in assembling the RVQoE configuration

3. Conclusion
Threshold-based triggers for RAN visible QoE

Observation 1: Buffer level was agreed as a threshold-based trigger for RVQoE reporting

Proposal 1: NG-RAN node indicates the threshold and Time-to-Trigger (TTT) for reporting buffer level to UE AS via RRC. UE AS then forwards this threshold and TTT to UE APP via AT command.

Proposal 2: Threshold evaluation for buffer level (e.g., whether buffer level is greater or less than a certain threshold) should be done at UE APP. Buffer level is reported from UE APP to UE AS only if the threshold is met for TTT duration.

Proposal 3: RAN3 should discuss which of the following representations for threshold should be considered:
· Report buffer level if greater than a threshold
· Report buffer level if less than a threshold
· Report buffer level if the value is within a range (lower threshold and upper threshold is provided)

Proposal 4: Send an LS to RAN2 and CT1 to provide necessary specification support for threshold-based buffer level reporting

Proposal 5: RAN3 should confirm that ran-VisiblePeriodicity (reporting periodicity) will not be configured in case threshold-based triggers are used for reporting RVQoE metrics (e.g., buffer level).
Proposal 6: RAN3 should discuss how the UE APP should determine the buffer level measurement periodicity in case threshold-based triggers are used:
· Option 1: NG-RAN explicitly configures the buffer level measurement periodicity in case threshold-based triggers are configured
· Option 2:  Same as configured by the container-based QoE (every n seconds)
· Option 3: Up to UE implementation

Proposal 7: In case option 1 is selected in Proposal 6, RAN3 should discuss whether a threshold-based trigger for buffer level measurements can be defined in addition to the threshold-based trigger for buffer level reporting.

Event-based triggers for RAN visible QoE
Observation 2: Introducing radio quality-based triggers would mean higher UE complexity e.g., APP needs to be made aware when these events are triggered, or UE AS needs to discard/store the RVQoE measurements obtained from UE APP and report only when interesting event happens 

Proposal 8: There is no need to introduce event-based triggers to report RVQoE only during handover (or when radio quality is less than a threshold).

RAN visible QoE value

Observation 3: SA4 reply LS on RVQoE mentions that “while in principle it is possible to define a RAN visible QoE value as described above by RAN3, the absence of the necessary standards makes it not feasible in practice at this stage”

Proposal 9: RAN3 doesn’t work further to support RVQoE value in Rel-18

Assistance information for handling of QoE reporting upon RAN overload

Proposal 10: RAN3 should discuss whether gNB can ignore the OAM configured priorities for QoE configuration (if provided) and still pause/resume QoE configurations in any order based on its own implementation. If yes, the benefit of these OAM configured priorities seems limited and the motivation needs to be clarified.

Proposal 11: Priorities for QoE configurations (if deemed necessary and signaled from OAM to gNB) can be at different granularities e.g., per QoE Reference, per service type or per slice. RAN3 should discuss which of the granularities is to be supported.

gNB-DU initiated activation/deactivation/pause/resume of RVQoE reporting over F1

Proposal 12: The gNB-DU can indicate to the gNB-CU its interest in receiving the RVQoE reports (i.e., whether it wants to start receiving or stop receiving the RVQoE reports) 

Proposal 13: There is no need to define a mechanism for gNB-DU to pause/resume the RVQoE reporting from gNB-CU to gNB-DU (start/stop is enough)  

gNB-DU participation in assembling the RVQoE configuration

Observation 4: Even if gNB-DU participates in assembling the RVQoE configuration (e.g., by proposing periodicity for RVQoE reporting or the list of interested RVQoE metrics), gNB-CU would have the final say in the RVQoE configuration.

Observation 5: In case different gNB-DUs under the same gNB-CU provide contrasting suggestions for assembling the RVQoE configuration, this assistance from gNB-DU(s) is not useful.

Proposal 14: There is no need for gNB-DU to participate in assembling the RVQoE configuration
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