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Introduction
This paper discusses the following QoE aspects:
· QoE support for new services; 
· QoE measurement configuration;
· Handling for QoE configuration and QoE reporting;
· Handling at RAN overload;
· The alignment of radio measurements and QoE reports;
· LSs to other WGs.
A pCR for TR 38.890 is given in the Annex.
Discussion
The aforementioned issues are discussed in the following subsections.
QoE support for new services
Among the new services that can make use of 5G connectivity, some deserve to be considered for NR QoE management with high priority. 
For industrial applications subject to SLAs, monitoring of SLA fulfilment is essential.
In previous normative work, RAN3 agreed on signalling aspects related to Time Sensitive Communication (TSC). For example, in TS 38.413, TSC Traffic Characteristics of a TSC QoS flows and PDU Session Type of type “ethernet” can be specified. Stage 2 normative text for TSC is given in TS 23.501, e.g. w.r.t to how a 5GS, seen as an IEEE Std 802.1 AS “time-aware system”, can support Time Sensitive Network (TSN) time synchronization (see TS 23.501, clause 5.27.1). 
Industrial applications are very diverse, and in many cases, a 3GPP-standardized interface may not even exist between the UE providing 5G connectivity and the industrial application (e.g. an application executed by a sensor or an actuator). For industrial applications based on TSC, synchronization is crucial, both when an application works independently, and when a tight collaboration is needed between applications. These concepts are captured, e.g. in TS 22.104, Annex D (different and multiple time domains for synchronization). 
It is of course outside RAN3 scope to decide if/which metrics could be more suitable for TSC. Nevertheless, considering that for various use cases (e.g. factory of the future), industrial applications are expected to rely to a large extent on TSC, we think it is relevant to allow QoE management for such applications. 
Hence, we propose that RAN3 evaluates the support for a new service type pointing at industrial applications requiring TSC, and to prepare an LS to SA4 to further study the feasibility of QoE metrics for such type of applications.
Furthermore, we propose that RAN3 evaluates the support of a generic service type, indicated as “Non-3GPP”, to enable QoE management for those services for which QoE is/will be deemed of interest, but for which no 3GPP standard interface is defined between the 5G connectivity layer and the application. The generic service type may be used e.g. to indicate industrial applications until standardized QoE metrics are available.  
[bookmark: _Hlk61456290]To enable QoE configuration and QoE reporting for such applications, a possibility is to add both to the QoE configuration and to the QoE reporting - as an IE visible to RAN - a generic tag (e.g. a string containing a hash, or other type of application identifier) related to a non-3GPP resource. Assuming that a 5G RAN operator has an SLA with the application provider, the 5G RAN operator can use this tag together with supplementary information from the application provider to understand the content of the QoE configuration and the QoE report. 
Proposal 1: A service type indicating services making use of Time Sensitive Communication is introduced.
Proposal 2: In order to support non-3GPP standardized applications, a generic tag, visible to RAN, that can be used to understand the QoE configuration and the QoE report, is introduced.
QoE measurement configuration
In this section, we discuss three aspects related to QoE measurement configuration.
Configuring individual UEs in management-based solution
With respect to the Management-based solution, we think that it is beneficial to support the option to address an individual, specific UE.
The use case for which we think this is needed is the following: the OAM identifies a performance degradation for a given service in a certain area. To address the situation, OAM wants to observe the performance of a certain UE for some time and potentially issue per-UE policies to solve the issue. As of today, OAM is not informed about when UEs served by a certain gNB become RRC_CONNECTED. To enable this, OAM can send a request to the gNBs serving the area of interest, to provide OAM with UE identifiers. OAM would then prepare QoE configurations including the area of interest and the retrieved UE identifier.  The QoE reports collected at the TCE/MCE can be used for further analysis and resolution of the issue.
We propose then that a Management-based QoE measurement configuration can include:
1) A container for application layer measurement configuration (transparent to RAN);
2) An area scope, similar to the area scope defined for QoE in LTE;
3) An indication of one or more applications for which UEs can be configured to perform QoE measurements on;
4) An optional UE identifier, in case QoE measurements are to be collected for individual UE.
Proposal 3: Support Management-based QoE solution where a UE identifier is optionally included in the QoE measurement configuration, to enable collecting QoE reports from an individual UE.
A possible signalling flow is shown in the figure below.
[image: ]
Figure 1: A signalling flow of Management-based QoE capable of targeting an individual UE
Support for multiple QoE measurement configurations
In principle, the possibility to configure QoE measurements associated to a list of applications using a single signalling procedure instead of multiple signalling procedures, where each one relates to QoE measurements for a single application, would enable an overall signalling reduction. This mechanism can be used for all the concerned interfaces (e.g. NGAP, XnAP, S1AP, X2AP). The details can be left for the normative phase. 
We think that this approach will be particularly beneficial in NR, due to the increase in number of services and applications, compared to LTE. This would be applicable to both Management-based and Signaling -based QoE. Meanwhile, an LS should be sent to RAN2 to discuss and agree on the possibility for this support over RRC.
Considering the existing LTE signalling as baseline, one simple way to extend the support of QoE measurement configuration from one to multiple services can be realized by reusing the Trace mechanism and including a list of configurations, per service, into the UE application layer measurement configuration IE, currently present in the S1AP and X2AP specifications where the S1AP version is shown below. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	
[Irrelevant IEs omitted]


	MDT Configuration
	O
	
	9.2.1.81
	
	YES
	ignore

	UE Application layer measurement configuration
	O
	
	9.2.1.128
	
	YES
	Ignore

	MDT Configuration NR
	O
	
	OCTET STRING
	Defined in TS 38.413 [44]. Only the immediate MDT configurations are included in the IE in this version of the specification.
	YES
	ignore

	Trace Collection Entity URI
	O
	
	URI 
9.2.2.4
	For Streaming based Reporting.
Defined in TS 32.422 [10]
Replaces Trace Collection Entity IP Address if present
	YES
	ignore



Proposal 4: Signalling for Management-based and Signalling-based QoE supports a list of QoE measurement configurations for different service types for the same UE.
Handling of QoE configuration and QoE reporting 
We propose two different types of handling, the first applicable to “legacy” QoE measurements (i.e. not visible to RAN), the second applicable to Lightweight QoE (visible to RAN).
The special handling at RAN overload is discussed separately in 2.4.
· For QoE measurements not visible to RAN:
· QoE measurement triggering (except at RAN overload): 
· RAN can configure a UE to start QoE measurements only based on QoE configurations previously received from OAM. The gNB receives, outside the container for application layer measurement configuration (i.e. in a format that is visible to RAN), the conditions to start the QoE measurements. For example, the triggering condition can be time-based (e.g. indicating to start collecting QoE measurements from a certain time of the day), or to start collecting QoE measurements depending on radio conditions, (e.g. RSRP below a certain threshold). 
· QoE measurement stop (except at RAN overload): 
· OAM instructs the RAN to stop an ongoing QoE measurement. The gNB receives, outside the container for application layer measurement configuration (i.e. in a format that is visible to RAN), the conditions for stopping the measurement. For example, the triggering condition can be time-based (e.g. indicating to start collecting QoE measurements from a certain time of the day), or to start collecting QoE measurements depending on radio conditions, (e.g. RSRP below a certain threshold). 
· RAN can reconfigure a UE to stop previously started QoE measurements: 
· (1) based on the indication received from OAM; or 
· (2) independently from OAM. 
· QoE measurement pause and resume (except at RAN overload): 
· OAM can instruct the RAN to pause or resume ongoing QoE measurements in a similar way as for start and stop. 
· RAN can pause and resume previously started QoE measurements:
· (1) based on the indication received from OAM; or 
· (2) independently from OAM. 
· QoE reporting suspension:
· OAM can indicate to RAN to suspend ongoing QoE reporting. RAN can indicate the suspension of reporting to the UE. 

· For Lightweight QoE: 
· QoE measurement configuration: 
· RAN can trigger, stop, pause and resume QoE measurement configuration independently.
· QoE reporting suspension:
· RAN can instruct the UE to suspend the reporting. 
Proposal 5: For QoE measurements not visible to RAN: 
(1) OAM signals to RAN the conditions to start, stop, pause or resume QoE measurements; 
(2) RAN cannot alter the received QoE configuration; 
(3) RAN can reconfigure UEs to start, stop, pause or resume QoE measurements according to the QoE configuration received from OAM;
(4) RAN can reconfigure UEs to stop, pause or resume QoE measurement configuration independently of OAM;
(5) OAM can signal RAN to suspend ongoing QoE reporting; RAN can suspend QoE reporting from UE.
Proposal 6: For Lightweight QoE: 
(1) RAN can start, stop, pause or resume QoE measurement configuration;
(2) RAN can suspend QoE reporting from the UE.
[bookmark: _Ref59123331]Handling at RAN overload
Regarding QoE management handling at RAN overload, we propose a “basic” solution (suitable for both Standalone connectivity and Dual Connectivity) and a more “advanced” solution, suitable for Dual Connectivity. The two solutions are described in the table below.
	Solution
	Description

	Basic
	Applicable to: (1) NR Standalone, (2) EN-DC or NR-DC when both nodes are overloaded
Actions
· RAN stops new QoE measurement configurations;
· RAN can release or suspend ongoing QoE measurement configurations, targeting to fulfil SA4 requirements and RAN2 agreements;
· RAN suspends QoE measurement reporting.

	Advanced
	Applicable to: (1) EN-DC or NR-DC when only one node is overloaded
Actions
If only one node (e.g. MN) is overloaded and the other is not overloaded (e.g. SN), the proposed handling is the following (see also figure below):
1) Transfer the QoE reporting towards the non-overloaded RAN node. The SRB used for QoE reporting is reconfigured (e.g. from MCG bearer to SCG bearer). Note: this has no impact on existing standard.
2) When overload is solved, if some analysis is required by the node previously in overload, such node may request and obtain from the other node QoE reports received by the other node during the overload. This has the impact on X2AP (for EN-DC) and XnAP (for NR-DC).
[image: ]
If both MN and SN nodes are in overload, the basic handling is used.



Proposal 7: For QoE handling at RAN overload:
(1) In a basic handling (applicable to SA, MR-DC): RAN stops new QoE measurement configuration; RAN releases ongoing QoE measurement configurations; RAN pauses QoE measurement reporting.
(2) In an advanced handling (applicable to MR-DC): transfer QoE reporting to non-overloaded RAN node; when overload is solved, the node previously in overload may request and obtain from the other node QoE reports received by the other node during the overload.
The alignment of radio measurements and QoE reports
At the RAN3#110-e meeting, the following was agreed:
Radio related measurement and QoE report should be aligned and correlated at OAM using Trace ID, FFS using other info, e.g. time stamp.
The above agreement refers to aligning the measurements during post processing. However, good alignment also requires that the actual measurements are taken in an aligned manner. In other words, radio and QoE measurements should also be triggered at the same time. To achieve an alignment between radio related measurement and QoE report, we think that OAM should send to RAN a specific indication, visible to RAN, as part of the QoE configuration. Radio related measurements should be based on the existing MDT framework. We propose that RAN3 discusses the following approaches:
1. Extend Immediate MDT configuration with reference to QoE measurements (e.g.: QoE reference ID) and start the MDT measurements when session starts.
2. For a UE configured with QoE measurements, RAN triggers MDT when UE sends to RAN an indication of session start.
Proposal 8: NG-RAN can receive a QoE configuration including a request, visible to RAN, for aligning radio measurements and QoE reports. Two options for RAN3 discussion and agreement: (1) Immediate MDT configuration extended with reference to QoE measurements, MDT measurements started at session start; (2) QoE measurement configured first, RAN triggers MDT upon indication from UE of session start.
Based on the above discussions, we propose the following:
Proposal 9: RAN3 to agree the pCR for TR 38.890, presented in the Annex.
LSs to other WGs
Certain considerations discussed above require coordination across various 3GPP groups. Hence, we propose the following:
Proposal 10: RAN3 sends an LS to SA4 to further study the feasibility of QoE metrics for industrial applications requiring Time Sensitive Communications.
Proposal 11: RAN3 sends an LS to RAN2 to discuss support over RRC for:
· A list of QoE measurement configurations;
· Starting, stopping, pausing, resuming QoE measurement configuration;
· Suspending QoE measurement reporting;
· Releasing ongoing QoE measurement configurations;
· Reconfiguration of SRB for QoE reporting;
· Alignment between radio measurements and QoE reports based on MDT framework;
· Indication of slicing identity in QoE measurement configuration and QoE reporting.
Conclusion
[bookmark: _In-sequence_SDU_delivery]The conclusions of the presented discussion are listed below.
Proposal 1: A service type indicating services making use of Time Sensitive Communication is introduced.
Proposal 2: In order to support non-3GPP standardized applications, a generic tag, visible to RAN, that can be used to understand the QoE configuration and the QoE report, is introduced.
Proposal 3: Support Management-based QoE solution where a UE identifier is optionally included in the QoE measurement configuration, to enable collecting QoE reports from an individual UE.
Proposal 4: Signalling for Management-based and Signalling-based QoE supports a list of QoE measurement configurations for different service types for the same UE.
Proposal 5: For QoE measurements not visible to RAN: 
(1) OAM signals to RAN the conditions to start, stop, pause or resume QoE measurements; 
(2) RAN cannot alter the received QoE configuration; 
(3) RAN can reconfigure UEs to start, stop, pause or resume QoE measurements according to the QoE configuration received from OAM;
(4) RAN can reconfigure UEs to stop, pause or resume QoE measurement configuration independently of OAM;
(5) OAM can signal RAN to suspend ongoing QoE reporting; RAN can suspend QoE reporting from UE.
Proposal 6: For Lightweight QoE: 
(1) RAN can start, stop, pause or resume QoE measurement configuration;
(2) RAN can suspend QoE reporting from the UE.
Proposal 7: For QoE handling at RAN overload:
(1) In a basic handling (applicable to SA, MR-DC): RAN stops new QoE measurement configuration; RAN releases ongoing QoE measurement configurations; RAN pauses QoE measurement reporting.
(2) In an advanced handling (applicable to MR-DC): transfer QoE reporting to non-overloaded RAN node; when overload is solved, the node previously in overload may request and obtain from the other node QoE reports received by the other node during the overload.
Proposal 8: NG-RAN can receive a QoE configuration including a request, visible to RAN, for aligning radio measurements and QoE reports. Two options for RAN3 discussion and agreement: (1) Immediate MDT configuration extended with reference to QoE measurements, MDT measurements started at session start; (2) QoE measurement configured first, RAN triggers MDT upon indication from UE of session start.
Proposal 9: RAN3 to agree the pCR for TR 38.890, presented in the Annex.
Proposal 10: RAN3 sends an LS to SA4 to further study the feasibility of QoE metrics for industrial applications requiring Time Sensitive Communications.
Proposal 11: RAN3 sends an LS to RAN2 to discuss support over RRC for:
· A list of QoE measurement configurations;
· Starting, stopping, pausing, resuming QoE measurement configuration;
· Suspending QoE measurement reporting;
· Releasing ongoing QoE measurement configurations;
· Reconfiguration of SRB for QoE reporting;
· Alignment between radio measurements and QoE reports based on MDT framework;
· Indication of slicing identity in QoE measurement configuration and QoE reporting.
Annex: pCR to TR 38.890
------------------------------------------- Change 1 -------------------------------------------

[bookmark: _Toc527969755][bookmark: _Toc56437914]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
QoE	Quality of Experience
MTSI	Multimedia Telephony Service for IMS
VR	Virtual Reality
MBMS	Multimedia Broadcast and Multicast Service
URLLC	Ultra-Reliable Low Latency Communication
TSC	Time Sensitive Communication
TSN	Time Sensitive Network

------------------------------------------- Change 2 -------------------------------------------

[bookmark: _Toc56437916]5	5G services, QoE metrics and UE KPI information
Editor’s NOTE: Description of typical 5G services (e.g. VR/AR, URLLC), QoE metrics and UE KPI information for certain services (e.g. latency for URLLC service) 
NR QoE supports the Application Layer Measurement Collection functionality.
This functionality enables the collection of application layer measurements from the UE. The supported service types include:
- Streaming services [3];
- MTSI services [4];
- VR [5];
- MBMS [6];
- TSC services;
- Non-3GPP.
- URLLC related services in addition to VR, the details are FFS.
In addition to the QoE metrics, the radio related measurements and information to assist the NR QoE management functionality are considered. Whether the radio related measurements and information are collected from the RAN node and/or from the UE is FFS.
Non-3GPP service type is a generic service type, for which QoE measurements are of interest, but no 3GPP standard interface is defined between the 5G connectivity layer and the application. The generic service type may be used e.g. to indicate industrial applications until standardized QoE metrics are available.  

------------------------------------------- Change 3 -------------------------------------------


[bookmark: _Toc56437921]6.2 	Management-based procedures (FFS)
[bookmark: _Toc56437922]6.2.1	Management-based activation procedures
Editor’s NOTE: The section concerns activation of measurement collection job. It needs to be further checked if specific UEs can be targeted by the management based QoE measurement configuration.
The procedure is used for activating the QoE measurement configured and triggered by OAM shown in figure 6.2.1-1.
The OAM sends the QoE measurement configuration to NG-RAN node. NG-RAN finds multiple qualified UEs that meet the criteria (e.g. area scope, application layer capability, service type, etc.) or a single specific UE. NG-RAN node sends the QoE measurement configuration to the AS layer of the specific UE or each qualified UE. UE AS layer sends the QoE measurement configuration to UE application layer. When a session starts, the application layer in UE checks the criteria (e.g. cell list, service type, etc.), if the criteria are met, start QoE measurement and reporting.
FFS whether Mmultiple QoE measurements could may be configured for a UE for different service types at the same time.
UE application layer sends the QoE report to the UE AS layer. UE AS layer sends the QoE report to NG-RAN node. Then the NG-RAN node transmits the QoE report to the final destination configured (e.g. the MCE). 
Editor’s NOTE: the QoE report may also be visible at the NG-RAN node. (to be confirmed)
The OAM may identify a performance degradation for a given service in a certain area. 
To resolve the situation, the OAM can decide to observe the performance of a certain UE and potentially trigger per-UE policies accordingly. 
To enable this case: 
(1) the OAM sends a request to the NG-RAN nodes serving the area of interest; 
(2) the NG-RAN nodes send to the OAM with UE identifiers; 
(3) the OAM prepares QoE configuration for an individual UE, including the area of interest and the retrieved UE identifier.
Management based QoE configuration should not override signalling based QoE configuration.(FFS)
Regarding Management-based configuration towards an individual specific UE, the following needs to be considered: 
· The OAM is currently not capable of sending the QoE measurement configuration for a specific UE towards its serving gNB when the targeted UE becomes RRC connected. This is because OAM is not informed about when a specific UEs served by a certain gNB become RRC connected.
· There is currently no UE identifier available in OAM which can be used to identify an UE connected to a certain gNB.
· Although it is acknowledged that QoE measurement configuration towards an individual specific UE is already possible using signalling based configuration (via the CN), it should be noted that OAM can issue per-user policies for which the feedback in terms of user experience is required.
[image: ]
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Figure 6.2.1-1 Management-based NR QoE activation procedure

------------------------------------------- Change 4 -------------------------------------------

6.3 	QoE measurement configuration and reportingtriggering and stopping
6.3.1	General
NG-RAN can configure a UE for QoE measurements associated to a list of applications using a single signalling procedure (instead of multiple signalling procedure, each one related to QoE measurements for a single application). This mechanism can be used for all the concerned interfaces (e.g. NGAP, XnAP, S1AP, X2AP).
The above applies to both Signaling-based QoE management and Management-based QoE.
QoE measurement configuration for a list of services can be realized by reusing the mechanism of the Trace procedure and including a list of configurations, per service, into the UE application layer measurement configuration IE, as defined in the S1AP and X2AP specifications.
An NG-RAN node cannot alter a QoE measurement configuration prepared by OAM.
QoE measurement configuration and QoE reporting at RAN overload is discussed separately in 6.5.

6.3.2	QoE measurement triggering
For QoE measurement not visible to NG-RAN, an NG-RAN node can configure a UE to start QoE measurements only based on QoE configurations previously prepared by OAM. The NG-RAN can receive from OAM, outside the container for application layer measurement configuration (i.e. in a format visible to RAN), the conditions to start the QoE measurements. For example, the triggering condition can be time-based (e.g. indicating to start collecting QoE measurements from a certain time of the day), or to start collecting QoE measurements depending on radio conditions, (e.g. RSRP below a certain threshold).
For Lightweight QoE, an NG-RAN node can trigger QoE measurement configuration independently from OAM.

6.3.3	QoE measurement stopping
For QoE measurement not visible to NG-RAN, an NG-RAN node can stop ongoing QoE measurements based on requests prepared by OAM or independently from OAM. The NG-RAN can receive from OAM, outside the container for application layer measurement configuration (i.e. in a format visible to RAN), the conditions to stop the QoE measurement. For example, the triggering condition can be time-based (e.g. indicating to start collecting QoE measurements from a certain time of the day), or to start collecting QoE measurements depending on radio conditions, (e.g. RSRP below a certain threshold).
For Lightweight QoE, an NG-RAN node can stop an ongoing QoE measurement configuration independently from OAM.

6.3.4	QoE measurement pause and resume
For QoE measurement not visible to NG-RAN, an NG-RAN node can pause or resume ongoing QoE measurements based on requests prepared by OAM, or independently from OAM. The NG-RAN can receive from OAM, outside the container for application layer measurement configuration (i.e. in a format visible to RAN), the conditions to stop the QoE measurement. For example, the triggering condition can be time-based (e.g. indicating to start collecting QoE measurements from a certain time of the day), or to start collecting QoE measurements depending on radio conditions, (e.g. RSRP below a certain threshold).
For Lightweight QoE, an NG-RAN node can pause or resume a ongoing QoE measurements independently from OAM.

6.3.5	QoE reporting suspension
For QoE measurement not visible to NG-RAN, OAM can indicate to NG-RAN to suspend ongoing QoE reporting. NG-RAN can indicate the suspension of reporting to the UE. 
For Lightweight QoE, an NG-RAN node can send an indication to a UE to suspend the QoE reporting.

6.3.6	Alignment of radio measurements and QoE reports
[bookmark: _GoBack]NG-RAN can support alignment of radio related measurements and QoE reports by means of Immediate MDT configuration with reference to QoE measurements (e.g.: QoE reference ID) and starting the MDT measurements when session starts, or by configuring the QoE measurement first, and NG-RAN triggering the MDT measurements upon indication from UE of session start. 

QoE measurement triggering and stopping can be realized using time-based and/or threshold-based criteria, configured by the OAM. Time-based QoE measurement triggering and stopping in NR is achieved by reusing mechanisms specified in LTE for the start and stop of QoE measurements. Threshold-based QoE measurement triggering and stopping allows to start and stop QoE measurement when given thresholds are passed.
Meanwhile, RAN is not allowed to intervene, i.e. pause, activate or de-activate an ongoing QoE measurement collection unless instructed otherwise by the OAM. 

[bookmark: _Toc56437926][bookmark: _Ref61457965]------------------------------------------- Change 5 -------------------------------------------
6.5 	QoE measurement handling at RAN overload
In case of RAN overload in standalone connectivity and in MR-DC connectivity, RAN can stop new QoE measurement configurations, release or suspend existing QoE measurement configurations and pause suspend QoE measurement reporting. FFS for details under EN-DC/MR-DC operation.
In case of RAN overload in MR-DC connectivity, the overloaded RAN node can transfer the QoE reporting towards the non-overloaded RAN node. When RAN overload is solved, the RAN node previously in overload may request and obtain from the other RAN node the QoE reports received during the overload.

-------------------------------------------End of Changes-------------------------------------------
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