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1	Introduction
At RAN2#116-e meeting, RAN2 discussed RAN visible QoE and made some agreements. In our paper [1], we also provided some technical analysis on details. It is noted that RAN3 made a number of agreements on different aspects of QoE and gathered those with an impact to other WGs, including RAN2, in the LSes [2] and [3]. RAN2 also sent a LS [4] to ask RAN3 to provide more explanations about RAN visible QoE measurements usage to assist RAN2 in determination which SRB should be used for RAN visible QoE reporting.
In this paper, we focus on RAN2 impacts on RAN visible QoE.
2	Discussion
2.1	Latest progresses in RAN2 and RAN3
The following agreements with respect to RAN visible QoE are provided by RAN3 in [2]:
	RAN-Visible QoE
· RAN3 agree that the service types supported in the Rel17 RAN-visible QoE framework are DASH streaming and VR.
· RAN3 agree that 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).
· RAN3 agree that together with the QoE measurements, the RAN visible QoE is supported in the following aspects:
· Activation, and deactivation procedures 
· Multiple simultaneous QoE measurements
· The UE is assumed to indicate to the RAN its capability with respect to providing RAN visible QOE metrics (LS to RAN2 seems needed).
· RAN3 agree on:
· RAN visible QoE measurement activation, UE AS indicates to UE APP that RAN visible QoE measurement has been triggered, potentially with RAN visible QoE metrics needed to be collected at UE APP as requested by RAN.
· RAN visible QoE measurement deactivation, UE AS indicates to UE APP that RAN visible QoE measurement has been terminated, and then UE APP stops to provide RAN visible QoE measurement results to UE AS.
· RAN3 agree that RAN generates the RAN visible QoE measurement configuration.
· RAN3 agree that the ID used to identify QoE measurements is reused for identifying the RAN visible QoE measurements.
· RAN3 agree that RAN visible QoE metrics collection can be configured only if QoE measurements are configured for the same service type.
· RAN3 agree that multiple simultaneous RAN visible QoE measurements are supported.
· RAN3 agree that the RAN visible QoE configuration can be configured flexibly (i.e., it is not fixed).
· RAN3 agree that the RAN visible QoE configuration sent to UE should contain:
· Metrics to be reported, should contain at least as a mandatory IE.
· RAN3 agree that the RAN visible QoE report is provided inside a dedicated IE, outside the QoE report container.
· RAN3 agree that the RAN decides whether RAN visible QOE measurement collection and reporting is activated.



Furthermore, there is one direct question asked to RAN2:
	1) RAN3 is discussing whether RAN visible QoE metrics and legacy QoE measurement report can be reported separately, or they should be reported together. RAN3 is also discussing whether RAN visible QoE reports can be delivered to the RAN with higher priority with respect to legacy QoE measurement report. To help the discussion, RAN3 wants to check with RAN2 on the potential solutions:
a. Whether RAN visible QoE be reported over high-priority SRB (SRB1 or SRB3) while legacy QoE still be reported over SRB4.
b. Or whether low-priority SRB (SRB4) should be used for RAN visible QoE as well.
Please note that RAN3 agreed that the RAN visible QoE report is sent in a dedicated IE.



The following agreements with respect to RAN visible QoE are provided by RAN3 in [3]:
	RAN3 has made certain agreements on RAN visible QoE in R3#114e, of which the following might be of interest to RAN2 in their specification work.
RVQoE metrics
Interaction latency or comparable quality viewport switching latency metric is NOT considered as a RAN visible QoE metric in Rel-17
Buffer level is confirmed as a RAN visible QoE metric for DASH and VR service types 
Playout delay for media startup is confirmed as a RAN visible QoE metric for DASH and VR service types
RVQoE configuration
RAN Visible QoE and legacy QoE can be configured together or separately. In case RAN visible QoE is configured separately, it can be configured only after configuring legacy QoE.
NG-RAN can release a list of RAN visible QoE configurations while not releasing the corresponding legacy QoE configurations  
If the legacy QoE configuration is released, the corresponding RAN visible QoE configuration is released as well
RAN visible QoE configuration can include at least the RAN visible QoE metrics to be reported, service type and a measurement ID for the RAN visible QoE. Whether existing IEs can be reused for service type and measurement ID and the signaling design is up to RAN2
There is no need to consider Start Time, Duration and Sample Percentage in the RAN Visible QoE configuration in Rel-17
RVQoE reporting
RAN3 should discuss whether the existing identified RAN visible QoE metrics (or values if agreed) justifies the need of a separate reporting periodicity for RAN visible QoE

RAN3’s decision on whether to have a different reporting periodicity for RAN visible QoE is independent of RAN2’s decision on which SRB to use for RAN visible QoE

Misc proposals
NG-RAN can configure RAN visible QoE for only a subset of those metrics which are already configured as part of legacy QoE configuration. 
The OAM sends a list of the available RAN visible QoE metrics to the RAN node, outside the legacy QoE configuration container.



At RAN2#116-e meeting, the following agreements were made:
RAN2 assumes that RAN2 is responsible to define the procedure to support RVQOE configuration and reporting, and leave the definition of RAN QoE metrics and what should be included in RVQOE configuration and report to other WGs, e.g. RAN3, SA4.
RAN2 confirms the following is feasible from RAN2 point of view.
It is feasible to configure RVQOE using explicit RRC IEs
Multiple simultaneous QoE measurements can be supported for RVQOE.  Each RVQOE measurement configuration is identified by the MeasConfigAppLayerId (or change to another generic term) corresponding to the regular QoE configuration.
UE RRC layer forwards the received RVQOE configuration to the upper (application) layer, indicating the service type.

Based on the discussions in section 2.1, an overall procedure for configuring and reporting RAN visible QoE will look in the following way:
[image: ]
Figure 1: An overall procedure for configuring and reporting RAN visible QoE

2.2	Technical discussions on RAN visible QoE
2.2.1	RAN visible QoE configuration
RAN3 agreed the following on this topic:
· RVQOE collection can be configured only if QoE measurements are configured for the same service type and if the legacy QoE configuration is released, the corresponding RAN visible QoE configuration is released as well.
· RAN Visible QoE and legacy QoE can be configured together or separately. In case RAN visible QoE is configured separately, it can be configured only after configuring legacy QoE.
· NG-RAN can release a list of RAN visible QoE configurations while not releasing the corresponding legacy QoE configurations  
· The ID used to identify QoE measurements is reused for identifying the RVQOE measurements. 
· RAN visible QoE measurement activation, UE AS indicates to UE APP that RAN visible QoE measurement has been triggered, potentially with RAN visible QoE metrics needed to be collected at UE APP as requested by RAN.
· RAN visible QoE configuration can include at least the RAN visible QoE metrics to be reported, service type and a measurement ID for the RAN visible QoE. Whether existing IEs can be reused for service type and measurement ID and the signaling design is up to RAN2
· Buffer level and playout delay are confirmed as a RAN visible QoE metrics for DASH and VR service types.

When it comes to RAN visible QoE configuration in RRC, the simplest way to achieve the principles agreed by RAN3, is to include RAN visible QoE configuration in the same configuration IE as application layer QoE configuration. AppLayerMeasConfig IE can be reused for this purpose, but its name would have to be modified to something more general, covering both RAN visible and application layer QoE, e.g. QoEMeasConfig (similar changes would be required for other IEs/fields as well). 
Based on the latest NR RRC running CR [7], an exemplary ASN.1 structure considering this may look as follows (the metrics and other contents of measConfigRAN-QoE depend on further RAN3 progress):
AppLayerMeasConfig information element
-- ASN1START
-- TAG-APPLAYERMEASCONFIG-START


[bookmark: _Hlk89074849]AppLayerMeasConfig-r17 ::=            SEQUENCE {
    measConfigAppLayerToAddModList-r17    SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayer-r17   OPTIONAL, -- Need N
    measConfigAppLayerToReleaseList-r17   SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayerId-r17 OPTIONAL, -- Need N
    rrc-SegAllowed-r17                        ENUMERATED {enabled} 												  OPTIONAL,  -- Need M
    ...
}

MeasConfigAppLayer-r17 ::=        SEQUENCE {
    measConfigAppLayerId-r17          MeasConfigAppLayerId-r17,
    measConfigAppLayerContainer-r17	  OCTET STRING                                                             OPTIONAL,  -- Need N
    serviceType-r17				      ENUMERATED {streaming, mtsi, vr, spare5, spare4, spare3, spare2, spare1} OPTIONAL,  -- Need N
    pauseReporting                    BOOLEAN,
	measConfigRAN-QOE-r17				SEQUENCE {
		metrics-r17 	SEQUENCE {
			bufferLevel-r17			ENUMERATED { true }			OPTIONAL,
			playoutDelay-r17		ENUMERATED { true }			OPTIONAL
		},
	}	OPTIONAL,	-- NEED R
    ...
}

-- TAG-APPLAYERMEASCONFIG-STOP
-- ASN1STOP

Proposal 1: RAN visible QoE configuration should be included in the same configuration IE as application layer QoE configuration (the ASN.1 structure proposed above can be used as a baseline). The detailed definitions of metrics are pending for further RAN3 progress.

At RAN2#114-e meeting, it was agreed:
RAN2 assumes that QoE configuration modification does not need to be supported from RAN2 signalling point of view (in RRC), and send LS to SA5/SA4 to confirm the assumption. 

We understand that the above working assumption is applied to container based QoE.
For RAN visible QoE, it is a question whether the IE measConfigRAN-QOE-r17 can be modified or not, e.g. gNB firstly configures the metric bufferLevel-r17 to the UE, and then gNB can configure both the metrics bufferLevel-r17 and playoutDelay-r17 to the UE (modification of RAN visible QoE configuration). In our understanding, it is flexible for the network and it seems to be few impacts to UE AS and APP layers, so it should be allowed. Furthermore, RAN3 has already agreed that “NG-RAN can release a list of RAN visible QoE configurations while not releasing the corresponding legacy QoE configurations “. Hence, we propose the following:
Proposal 2: Modification of RAN visible QoE configuration is allowed.

2.2.2	RAN visible QoE reporting
RAN3 agreed the following on this topic:
· The RVQOE report is provided inside a dedicated IE, outside the QoE report container.
· It is FFS whether RVQoE and legacy QOE can be reported separately (e.g. with a separate reporting periodicity) and RAN3 will continue to discuss this topic.
· Buffer level and playout delay are confirmed as a RAN visible QoE metrics for DASH and VR service types.

Additionally, RAN3 asks RAN2 in the LS in [1] whether RAN visible QoE can be reported over high-priority SRB (SRB1 or SRB3) while legacy QoE would still be reported over SRB4, or whether low-priority SRB (SRB4) should be used for RAN visible QoE as well. This topic was discussed during RAN2#116-e meeting which resulted in sending an LS in [4] and asking RAN3 to clarify the intended usage of RAN-visible QoE, e.g. whether it is supposed to be used in the real-time manner by RAN to adjust RRM configuration or rather is a more semi-static manner, e.g. as input to SON algorithms. Hence, for the moment, RAN2 needs to wait for RAN3 reply on this matter. This aspect, together with the second bullet above, will impact the RRC signalling design, in particular whether to use RAN visible QoE dedicated reporting message or reuse the one specified for application layer QoE reporting.
Observation 1: Whether to use RAN visible QoE dedicated reporting message or reuse the one specified for application layer QoE reporting depends on the SRB selected for RAN visible QoE reporting and on RAN visible QoE reporting periodicity, which are both pending further RAN3 input.

What can be discussed by RAN2 is how to define the metrics to be reported by the UE for RAN visible QoE (i.e. buffer level and playout delay) in RRC signalling. According to the TS 26.247 and ISO/IEC 23009-1, the detailed definitions of both metrics are as below:
	[bookmark: _Toc26283704]10.2.6	Buffer Level
Annex D.4.5 in ISO/IEC 23009-1 [43] defines the metrics  for buffer level status events.
[bookmark: tab_qm_buffer_level]Table 29: Void

ISO/IEC 23009-1, Second edition, 2014-05-15:
[image: ]




	[bookmark: _Toc26283707]10.2.9	Playout Delay for Media Start-up
This metric in Table 31a indicates the waiting time that the user experiences for media start-up.
The metric is only logged at the time point when the media start-up happens.
Table 31a: Playout Delay for Media Start-up
	Key
	Type
	Description

	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.






For buffer level, the ISO/IEC 23009-1 defines the list and each entry has a time information and level information inside. When application layer generates the metric measurement, it can send the measurement from APP layer to AS layer, and there may be the following options to define the metric in RRC specification:
(1) capture the metric as a list but following RRC ASN.1 manner. 
(2) capture the metric as a single value in RRC ASN.1. 
As discussed in our related RAN3 paper [6], we think that the RAN will only use the buffer level value to optimize the radio resource and does not need the time of the measurement. Also we think the list of buffer levels would not be very useful to the gNB and that it would be more beneficial if the UE only reported the average buffer level during the measurement interval. The application layer of the UE can calculate the average buffer level based on the list of the buffer levels during the measurement interval.
Proposal 3: For buffer level metric for RAN visible QoE purpose, there are the following options to define it in UL RRC message:
(1) capture the metric as a list but following RRC ASN.1 manner
(2) capture the metric as a single value, e.g. average buffer level
For playout delay, currently the metric is just a single value in milliseconds, so it is efficient to capture the metric as a single value in RRC ASN.1. gNB will receive the value of the playout delay and perform optimization for user experience.
Proposal 4: For RAN visible QoE purpose, playout delay metric is defined as an INTEGER denoting its value in milliseconds. 
Regardless of the exact metrics definitions, we assume that the value of the metric to be reported will be generated and provided to the AS layer by the APP layer in the UE.
Proposal 5: RAN visible QoE report is sent by the UE when the RAN visible QoE metric measurement is provided to AS layer from application layer.
2.3	Expected outcome from RAN2 discussions and cross-WG impacts
For RAN2#116b-e, it is expected to focus on the requirements of RAN visible QoE, and reach some initial agreements, e.g. candidate solutions on configuration/reporting in RRC messages.
For RAN2#117-e, it is expected to finalize the configuration and reporting parts, especially on ASN.1 impacts. For the combination of RAN visible QoE and other QoE features, RAN2 may have some discussions if time allows. Some examples are listed as below:
· RAN visible QoE with pause/resume
· RAN visible QoE with mobility
· RAN visible QoE with inactive handling

Based on the above technical analysis, we think there may be some cross-WG impacts, and our understandings are as below.
Firstly, there are some dependencies between container based QoE and RAN visible QoE. At RAN2#116-e meeting, RAN2 had some initial discussions on RAN visible QoE, and some of discussions are about the dependencies (based on the RAN3 LS). We think that RAN3 may be also discussing other aspects on the dependencies, and RAN2 can take more RAN3 progress into account if any.
Secondly, once RAN2 has agreed on details about RAN visible QoE configuration and reporting, RAN2 could check potential AS-APP interactions, and then RAN2 should inform other WGs about the impacts in order to finalize the QoE features from E2E point of view.
Thirdly, there may be some SA5 impacts, and we understand that:
· For configuration aspects, e.g. what parameters would OAM send to RAN, RAN2 can just rely on the co-ordinations between RAN3 and SA5
· For reporting aspects, we think that RAN visible QoE measurements are just utilized by gNB, and there should be no requirements for MCE to collect such measurements. So we expect no impacts to SA5 regarding RAN visible QoE reporting

In general, we propose to consider the following time plan:
Proposal 6: It is proposed to have the following plan for the next 2 RAN2 meetings:
· RAN2#116b-e: focus on the requirements and aim at reaching some initial agreements, e.g. candidate solutions on definitions in RRC messages
· RAN2#117-e: finalize the configuration and reporting parts, especially on ASN.1 impacts

And we have the following observation regarding the cross-WG impacts for RAN visible QoE:
Observation 2: There are potential cross-WG impacts for the feature RAN visible QoE.

[bookmark: _GoBack]3	Conclusions
Based on the discussion in this paper, the following is observed and proposed:
Observation 1: Whether to use RAN visible QoE dedicated reporting message or reuse the one specified for application layer QoE reporting depends on the SRB selected for RAN visible QoE reporting and on RAN visible QoE reporting periodicity, which are both pending further RAN3 input.
Observation 2: There are potential cross-WG impacts for the feature RAN visible QoE.

Proposal 1: RAN visible QoE configuration should be included in the same configuration IE as application layer QoE configuration (the ASN.1 structure proposed above can be used as a baseline). The detailed definitions of metrics are pending for further RAN3 progress.
Proposal 2: Modification of RAN visible QoE configuration is allowed.
Proposal 3: For buffer level metric for RAN visible QoE purpose, there are the following options to define it in UL RRC message:
(1) capture the metric as a list but following RRC ASN.1 manner
(2) capture the metric as a single value, e.g. average buffer level

Proposal 4: For RAN visible QoE purpose, playout delay metric is defined as an INTEGER denoting its value in milliseconds. 
Proposal 5: RAN visible QoE report is sent by the UE when the RAN visible QoE metric measurement is provided to AS layer from application layer.
Proposal 6: It is proposed to have the following plan for the next 2 RAN2 meetings:
· RAN2#116b-e: focus on the requirements and aim at reaching some initial agreements, e.g. candidate solutions on definitions in RRC messages
· RAN2#117-e: finalize the configuration and reporting parts, especially on ASN.1 impacts
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D.4.5 Buffer level

Table D.4 defines the metric for buffer level status events. The key in Table D.4 shall be used to refer to the
metric as defined in Table D.4.

Table D.4 — List of buffer level

Key Type Description
BufferLevel List List of buffer occupancy level measurements
during playout at normal speed.
Entry Object One buffer level measurement.
t Real-Time Time of the measurement of the buffer level.
level Integer Level of the buffer in milliseconds. Indicates the

playout duration for which media data of all active
media components is available starting from the
current playout time.

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




