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Introduction

At the RAN#112-e meeting, There is WA on RAN visible QoE as below:   
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.

This contribution provides our further consideration for the solution of RAN visible QoE.
Discussion
Metrics of RVQoE 

At the RAN#112-e meeting, some RVQoE metrics of DASH streaming and VR have been captured as working assumption. We have the following further analysis of these metrics.

Buffer Level：According to the TS 26.247[1] and TS 26.118[2], SA4 defines the buffer level for the DASH and VR services. The buffer level is defined as the playout duration for buffered media data starting from the current playout time. During the studying on Context Aware Service Delivery in RAN for LTE, the simulation result for the video buffer-aware scheduling is captured in Annex A in TR36.933[3]. The result shows some capacity gain has achieved by buffer level aware scheduling (The scheduling for the UE is prioritized only when its video playout buffer level is low;When the UE’s buffer level is high, the eNB may deprioritize the schedule to this UE). However, the simulation is based on the following assumptions, “All the video segments have same size, and the data rate is 417kbps”. Therefore, we wonder whether the gain can be achieved in a real scenario.
Considering DASH(dynamic adaptive stream over HTTP) services, the DASH client may have some methods to try to select more high quality representation while to keep enough buffer level as figure1 below. In other words, when the buffer level is long enough and exceeds a certain threshold, the DASH client will choose to download segments of higher quality, which is reflected in higher throughput. If the buffer level is low, the DASH client will try segments of lower quality, which also degrades the throughput. 
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Figure1 dynamic adaptive video rate for next segment
If the RAN node participates in the buffer level guarantee process, if the guaranteed buffer level set on the RAN side is too small, it is obviously easy to cause a decrease in QoE; if the guaranteed buffer level target set on the RAN side is too large, it is easy to cause the DASH client to select representation of higher quality than the current one again and again,until always using the highest quality for playback. So it is easy to decrease the experience of other users. It should be noted that the insufficient buffer level is possibly due to the selection of high-quality video clips, or probably due to the low C/I. Increasing their scheduling priority will affect the throughput of other users. 

Observation 1: The benefit of buffer level for RVQoE needs more evaluation.
Average Throughput：It indicates the average throughput that is observed by the client during the measurement interval. RAN is able to measure RAN side throughput, so it seems not necessary to be reported to the RAN.

Observation 2: The Average Throughput for RVQoE is not necessary for RAN.
Initial Playout Delay: In general, It is the time between the start of the video download and video play out. In [4], it is suggested that “ RAN node can leverage playout delay for media start-up as a time budget to deliver the requested content without video stalling, while, at the same time, not over-allocating the precious radio resources to that service.”  “if the playout delay for media start-up is short, the network should allocate more resources to ensure the delivery of the contents”. However, as shown in the figure2 below, in order to reduce the start-up delay, most DASH clients usually adopt lower quality representation when downloading the first or first few segments, and then gradually download high-quality segments during the playback. In other words, the start-up delay (buffering the first segment) is often more lower than buffering the subsequent segments due to lower quality representation selected. For the RAN side, the selected representation of the first segment and the selected representation of the subsequent segments are all not known. So, we think the Initial Playout Delay can not be used as a time budget constraint for scheduling.

In addition, from the possible DASH client implementation, we wonder,
-> Is it possible the client may include the MPD request/receiving time in the Initial Playout Delay?
-> It is ok to start playback as soon as a segment is in the buffer. However, certain restrictions apply for low latency streaming. For example, some DASH client may configure initial buffer level and then buffer enough segments before playout. Is it possible the client may include the time for initial buffer level (more than one segments buffered) in the Initial Playout Delay?

So, using Initial Playout Delay as a time budget constraint for scheduling is also of high risk due to various DASH client implementations. 
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Figure2  select lower quality segment during initial playback
Observation 3: The benefit of Initial Playout Delay for RVQoE is not clear.
Play List：Considering Play List metric, This metric records the user action of playback during playout. However, it is difficult for RAN to evaluate the user experience based on this play list, such as whether the user experience is better if the number of times of stalling occurs less but the time of each stalling is longer, or if the number of times of stalling occurs more but the time of each stalling is shorter. A more precise model for evaluating user experience of streaming is needed. If such model is defined, then the QoE value like VMOS (Video Mean Opinion Score) can be derived for play list metrics and/or other QoE metrics. In this case, If the RAN can know the RVQoE of VMOS values and the VMOS target, the RAN can adjust the resource allocation of the UE to ensure the user experience.

Observation 4: It is difficult for the RAN to evaluate QoE quality by play list, and a simple QoE value to indicate QoE quality may be more appropriate.
 QoE value of RVQoE 

In the TR38.890, RAN-visible QoE includes RAN-visible QoE metrics and RAN-visible QoE values, and RAN-visible QoE values is defined as “a set of values derived from QoE metrics data through a model/function defined in collaboration with SA4”. We think UE can report simple QoE values to RAN to indicate the quality of the ongoing service. The QoE value could be a number range, e.g, 0 to10, where 10 represents excellent quality and 0 represents poor quality; or it could be a enumerated type to indicate the quality, e.g.,poor, medium, good. 

It is also possible that QoE server derives QoE values based on the received QoE report, and sends the QoE values of the specific service to RAN. This method avoids that different UEs may calculate the QoE value in different ways. 
Proposal 1: To introduce RAN-visible QoE values to indicate the quality of the ongoing service. The QoE value could be a number range, e.g., 0 to10, where 10 represents excellent quality and 0 represents poor quality; or it could be a enumerated type to indicate the quality, e.g., poor, medium, good. RAN can receive RAN-visible QoE values from UE or QoE server.
 Guaranteed QoE value of RVQoE 

We assume RAN node can use these RVOoE for scheduling/RRM optimization, at least the RAN node needs to know an optimization target, i.e., in general, some type of RVQoE target is needed. 

Since the RAN-visible QoE can be of two types, RAN-visible QoE metrics; or RAN-visible QoE values derived from QoE metrics data through a model/function like MOS scores, the RVQoE target can be of two types too, 

QoE target of specific metric; 

or QoE target of QoE value; (for example, The QoE value could be a number range, e.g, 0 to10, where 10 represents excellent quality and 0 represents poor quality; or QoE value could be a enumerated type to indicate the quality, e.g., poor, medium, good. This RVQoE value target indicates the QoE value that needs to be guaranteed by RAN for UE.)

From the above discussion, the benefit of the listed RVQoE metrics is still not clear. So, we suggest only considering the RVQoE value target.
Proposal 2: To introduce RAN-visible QoE value target at RAN side. This RVQoE value target indicates the QoE value that needs to be guaranteed by RAN for UE. 
For Signalling-based QoE, the CN sends the QoE measurement configuration to the NG-RAN node, so the CN can signal the RVQoE value target to NG-RAN together with the QoE configuration. For Management-based QoE, the OAM can configure the RVQoE value target to NG-RAN together with the QoE configuration.

Proposal 3: For Signalling-based QoE, the CN signals the RVQoE value target to NG-RAN together with the QoE configuration. For Management-based QoE, the OAM configures the RVQoE value target to NG-RAN together with the QoE configuration.

However, The introduction of RVQoE values and RVQoE value target requires the evaluation and decision of other groups. If there are agreements on such issues achieved by RAN3, we suggest sending an LS to SA2, SA4 and SA5. 

Proposal 4: If there are agreements on RVQoE values and RVQoE value target, an LS needs to be sent to SA2, SA4 and SA5. The draft LS is provided in [5].
3. Conclusion

In this contribution, the observations and proposals are:

Observation 1: The benefit of buffer level for RVQoE needs more evaluation.

Observation 2: The Average Throughput for RVQoE is not necessary for RAN.

Observation 3: The benefit of Initial Playout Delay for RVQoE is not clear.

Observation 4: It is difficult for the RAN to evaluate QoE quality through the play list, and a simple QoE value that indicates QoE quality may be more appropriate.
Proposal 1: To introduce RAN-visible QoE values to indicate the quality of the ongoing service, where QoE values could be a number range, e.g, 0 to10. where 10 represents excellent quality and 0 represents poor quality, or QoE values could be a enumerated type to indicate the quality, e.g, (poor, medium, good). RAN can receive RAN-visible QoE values for UE or QoE server.

Proposal 2: To introduce RAN-visible QoE value target at RAN side, This RVQoE value target indicates the QoE value that needs to be guaranteed by RAN for UE. 
Proposal 3: For Signalling-based QoE, the CN signals the RVQoE value target to NG-RAN together with the QoE configuration. For Management-based QoE, the OAM configures the RVQoE value target to NG-RAN together with the QoE configuration.

Proposal 4: If there are agreements on RVQoE values and RVQoE value target, a LS needs to be sent to SA2, SA4 and SA5. The draft LS is provided in [5].
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