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1 Introduction
This paper further discusses the following objectives in QoE enhancement WID RP-221803 [1]:
-	Specify to support for QoE in NR-DC, e.g. enable QoE reporting via SN [RAN3, RAN2].
-	Specify the QoE configuration, and measurement reporting over MN/SN for NR-DC architecture and specify the QoE measurement reporting over the other DC leg in order to maintain the reporting continuity.
Note 1: The QoE measurements are not performed separately for each leg.
-	Support RAN-visible QoE and radio related measurement configuration and reporting in NR-DC scenarios.
-	Specify the QoE measurement continuity in mobility scenarios in NR-DC.
-	Specify the alignment of QoE measurements (including legacy QoE and RAN visible QoE measurements) and radio related measurement in NR-DC.
2 Discussion
Signalling based QoE Activation
For signalling based QoE activation, it was agreed that
-	MN is responsible to configure the s-based QoE to UE.
-	QoE reports can be transmitted to either MN or SN and the reporting leg (MCG or SCG) can be changed during the application session. 
In NR-DC case, both MN leg and SN leg can be used for the QoE measurement reports. Since the data volume of QoE measurement report would be large in case of network congestion, it is better to have a flexible QoE reporting leg configuration, selection and switching e.g., based on the network overload status or due to fast MCG link recovery. 


Figure 1. Signalling based QoE activation in NR-DC
As shown in Figure 1, when the MN receives the QoE measurement activation from CN for signalling based QoE activation, the MN decides which leg is used for the QoE reporting e.g., according to load situation in MN leg or SN leg, and further decides which SRB type is used for the QoE measurement reporting. The QoE measurement reporting refers to the application layer measurement reports which are received from UE's higher layer and are encapsulated in a transparent container and sent to the network in the MeasurementReportAppLayer message.
-	For example, the MN may decide that the UE only sends the QoE measurement reports to MN directly. In this case, the UE uses SRB4 for the QoE measurement reporting as same with Rel-17.
-	In another example, the MN may decide the UE only sends the QoE measurement reports to SN. The MN further decides the UE uses MN terminated split SRB4 or SRB3 or SRB3-like (e.g. SRB5 which is terminated between UE and SN for QoE measurement reporting and has lower priority than SRB3) for transmitting the QoE measurement reports to the SN. 
-	In another example, the MN may decide that UE sends the QoE measurement reports to both MN and SN. The UE selects the reporting leg based on configured rule(s). The MN further decides whether the UE uses MN terminated split SRB4. 
For signalling based QoE activation and management based QoE activation received by MN, the MN decides which leg is used for QoE measurement reporting, and further decides which SRB type (split SRB4 or SRB3 or SRB3-like) is used for the QoE measurement reporting.
In case that the MN decides that the UE uses MN terminated split SRB4 or SRB3 or SRB3-like (e.g., SRB5 which is terminated between UE and SN for QoE measurement reporting and has lower priority than SRB3) for transmitting the QoE measurement reports to the SN, the MN indicates the requested SRB type to the SN so that the SN can establish the SRB for transmitting the QoE measurement reports. 
The requested SRB type for QoE measurement reporting can be included in Xn-AP S-Node Addition Request message in case of SN addition or XnAP S-Node Modification Request message in case of SN modification.
The SN may send the admitted split SRB4 or SRB3 to the MN in Xn-AP S-Node Addition Acknowledge or S-Node Modification Request Acknowledge message.
The MN indicates the requested SRB type (e.g. MN terminated split SRB4 or SRB3 or SRB3-like) for QoE measurement reporting in Xn-AP S-Node Addition Request message or XnAP S-Node Modification Request message.
The SN responds the admitted SRB for QoE measurement reporting to the MN in Xn-AP S-Node Addition Acknowledge or S-Node Modification Request Acknowledge message.
The MN sends the QoE measurement reporting leg indication to the UE by SRB1. The UE then sends the QoE measurement reports to the network according to the QoE measurement reporting leg indication. 
The MN provides the QoE measurement configuration including the reporting leg indication to UE by SRB1.
[bookmark: _Hlk115090800][bookmark: _Hlk115095191]The SN forwards the received MeasurementReportAppLayer message or the RRC segments of the message to MN over Xn interface. In case the SN receives RRC segments of the MeasurementReportAppLayer message via SRB3 or SRB3-like, the SN concatenates all the RRC segments of the MeasurementReportAppLayer message. And the SN sends the complete MeasurementReportAppLayer message to the MN so that the MN can send the QoE measurement reports to MCE.
In case the SN receives RRC segments of the MeasurementReportAppLayer message via SRB3 or SRB3-like, the SN concatenates all the RRC segments.
In case MN terminated SRB4 is used, the SN forwards the received RRC segments of the MeasurementReportAppLayer message to the MN. The MN then concatenates all the RRC segments.
In case the SN receives RRC segments of the MeasurementReportAppLayer message via MN terminated SRB4, the SN forwards the received RRC segments to the MN. The MN concatenates all the RRC segments.

Management based QoE activation 
For management based QoE activation in case of NR-DC, both MN and SN may receive the QoE measurement configuration from OAM. The following issues may happen without co-ordination between MN and SN.
[bookmark: _Hlk113977928]Issue 1: Without coordination between MN and SN, a UE application layer may receive two same application layer measurement configurations with different measConfigAppLayerIds for a QoE measurement configured by MN and SN respectively. 


Figure 2. Issue 1 for M-based QoE
-	OAM may provide the same QoE activation to both MN and SN separately since OAM is not aware whether NR-DC is configured for a UE or not.
-	Without coordination, MN and SN may select the same UE for the QoE measurement.
-	MN and SN provide the QoE measurement configuration with different allocated measConfigAppLayerIds to the UE respectively.
[bookmark: _Hlk113977940]-	The UE application layer receives two same application layer measurement configurations from RRC layer with the different measConfigAppLayerIds.  This may cause QoE measurement failure in UE’s application layer.
Observation 1:   Without coordination between MN and SN, UE application layer may receive two same application layer measurement configurations with different measConfigAppLayerIds for a M-based QoE measurement.
To solve the issue 1, the following solutions are possible:
Solution 1: UE based solution
When receiving M-based QoE measurement, the MN or SN may select a UE for the QoE measurement and send QoE measurement configuration to the UE. The UE application layer identifies the QoE measurement as duplicated configuration. The UE application layer ignores or rejects the duplicated QoE measurement configuration and feedbacks to UE RRC layer that the QoE measurement is duplicated and ignored. Then the UE RRC layer responds to the MN or SN that the QoE measurement is ignored or rejected due to duplicated configuration.
Solution 2: Network based solution
One network-based solution is when receiving M-based QoE activation from OAM and selecting a UE served by SN, SN sends QoE measurement request info to MN. The QoE measurement request info includes the QoE reference, area scope and service type. MN responds SN whether QoE measurement is allowed. MN may further indicate whether the same QoE measurement is already configured to the UE by MN or not. This can be achieved by SN 
Since UE based solution relies on UE and needs to check with RAN2. RAN3 can assume network-based solution as baseline for discussion.
For M-based QoE activation received by SN, SN selects a UE and sends QoE measurement request info to MN and MN responds SN whether QoE measurement is allowed.
[bookmark: _Hlk113977951]
Issue 2:  Without coordination between MN and SN, same measConfigApplayerId may be allocated for two different QMC configurations in MN and SN respectively.


Figure 3. Issue 2 for M-based QoE
-	OAM may provide the two different QMC configurations to both MN and SN separately.
-	Without coordination, MN and SN may select the same UE for the QoE measurement and allocate the same measConfigApplayerId.
-	MN and SN provide the QoE measurements with the same allocated measConfigAppLayerId to the UE respectively.
-	The UE RRC layer receives two QoE measurement configurations with the same measConfigApplayerId.
[bookmark: _Hlk113977962]The consequence is that the UE RRC layer will treat the first received QoE measurement configuration as replaced by the following second received QoE measurement according to the existing RRC spec.
Observation 2:   Without coordination between MN and SN, same measConfigApplayerId may be allocated for two different QMC configurations in MN and SN respectively for a M-based QoE measurement.
To solve issue 2, the following solutions are possible:
Solution 1: Value range based solution
In solution 1, the MN is responsible for RRC identifier (i.e., measConfigAppLayerId) value range allocation for QoE measurement. The MN allocates the value range of RRC identifier for QoE measurements used by SN. When SN configures a QoE measurement to UE, the SN selects one RRC identifier within the range for a QoE measurement triggered by SN.
Solution 2: SN requests RRC identifier from MN
[bookmark: _Hlk113893912]In solution 2, when receiving M-based QoE measurement and selecting a UE served by SN, SN sends QoE measurement ID required info to MN. The QoE measurement required ID info includes the QoE reference and service type. When receiving the QoE measurement required ID info, the MN allocates the measConfigAppLayerId for the QoE measurement and provides it to SN.
Solution 3: MN/SN independent identifier
In this solution, the MN and SN use independent RRC identifier for QoE measurement configuration. One example is the MN or SN provides an MN or SN index in addition to the measConfigAppLayerId when configuring the QoE measurement. The UE identifies the QoE measurement uniquely by the MN or SN index and the measConfigAppLayerId.
For M-based QoE activation, RAN3 discusses how to coordinate RRC identifier (i.e., measConfigApplayerId) allocation between MN and SN. 

QoE pause/resume in NR-DC
In Rel-17, QoE Measurement Collection pause/resume procedure is used to pause/resume the reporting for all QoE reports or to pause/resume QoE reporting per QoE configuration in a UE in RAN overload situation. However, in NR-DC, since both MN/MCG leg and SN/SCG leg can be used for the QoE measurement reports, how to configure QoE measurement pause/resume function needs to be addressed. 
For example, the MN configures QMC pause/resume taking both MN and SN overload information into account. The UE then pauses or resumes the QoE measurement reporting on both DC legs. The MN can infer the SN overload status for QoE measurement reporting by implementation e.g. according to the flow control info.
The MN decides to pause to the QoE measurement reporting if both MN and SN are overloaded for QoE measurement reporting. The MN sets pauseReporting to true and send it to UE.
When setting ‘pause or resume’, both MN and SN overload should be taken into account. The UE shall then pause or resume the QoE measurement reporting on both DC legs.

QoE measurement continuity in mobility scenarios in NR-DC
SN Change
It is assumed that both MN and SN can configure QoE measurement independently. For example, the MN configures QoE measurement by SRB1 while SN can configure QoE measurement by SRB3. During SN change procedure, in order to support delta configuration in target SN, the source SN provides source SCG related QoE configuration information to the MN. One of solution is the source SCG related QoE configuration information is provided by scg-CellGroupConfig IE in the CG-Config IE that is an IE of inter-node RRC message as specified in TS 38.331:
:
	scg-CellGroupConfig
Contains the RRCReconfiguration message (containing only secondaryCellGroup and/or measConfig and/or otherConfig and/or conditionalReconfiguration and/or bap-Config and/or iab-IP-AddressConfigurationList and/or appLayerMeasConfig)



The MN provides the source SCG related QoE configuration information to the target SN. The MN may also provide the MN related QoE configuration information. The MN includes the information in the SN Addition Request message.  Specifically, the MN includes the source SCG related QoE configuration information in the sourceConfigSCG IE in the CG-ConfigInfo IE that is an IE of inter-node RRC message:
	sourceConfigSCG
Includes all of the current SCG configurations used by the target SN to build delta configuration to be sent to UE, e.g. during SN change. The field contains the RRCReconfiguration message, i.e. including secondaryCellGroup and measConfig, and appLayerMeasConfig. The field is signalled upon change of SN, unless MN uses full configuration option. Otherwise, the field is absent.



The target SN uses the source SCG related QoE configuration information to generate the delta configuration of the QoE configuration.
[bookmark: OLE_LINK4]In order to support delta configuration of a QoE measurement configuration in target SN during SN change procedure, source SN provides the source SCG related QoE configuration information to target SN, forwarded via MN.
SCG Failure
The following cases are considered as when SCG failure occurs:
-	A QoE Measurement is configured by MN, but the QoE measurement reporting is configured as SCG that means that the UE sends the QoE measurement report to network by SCG leg either by a MN terminated split SRB or a SN terminated SRB.
-	A QoE Measurement is configured by SN, and the QoE measurement reporting is configured as MCG or SCG that means that the UE sends the QoE measurement report to network by MCG leg or SCG leg either by a SN terminated split SRB or a SN terminated SRB.
When SCG failure is detected, it is possible that the QoE measurement report is available at UE RRC layer (e.g. application layer measurement report container has been received from upper layers when SCG failure happens) since QoE measurement reporting has lower priority. Since the reporting leg is configured as ‘SCG’, the UE is not able to send the QoE measurement report via SCG leg due to SCG failure. In this case, the following solutions can be considered:
-	Option 1: The UE switches the reporting leg to be MCG automatically upon detecting SCG failure;
-	Option 2: The UE suspends the QoE measurement reporting via SCG leg and buffers the QoE measurement report in RRC until instruction from MN is received. the UE may also send ‘QoE measurement result available’ indication to MN in the SCGFailureInformation message.
-	Option 3: The UE discards the QoE measurement report that reporting leg is configured as ‘SCG leg’.
RAN3 discusses how to handle the available QoE measurement report in SCG leg when SCG failure happens.
3	Conclusion
This contribution further discusses how to support QoE measurement in NR-DC from RAN3 perspective. And we propose:
Signalling based QoE activation:
1. For signalling based QoE activation and management based QoE activation in SN, the MN decides which leg is used for QoE measurement reporting, and further decides which SRB type (split SRB4 or SRB3 or SRB3-like) is used for the QoE measurement reporting.
The MN indicates the requested SRB type (e.g. MN terminated split SRB4 or SRB3 or SRB3-like) for QoE measurement reporting in Xn-AP S-Node Addition Request message or XnAP S-Node Modification Request message.
The SN responds the admitted SRB for QoE measurement reporting to the MN in Xn-AP S-Node Addition Acknowledge or S-Node Modification Request Acknowledge message.
The MN provides the QoE measurement configuration including the reporting leg indication to UE by SRB1.
In case the SN receives RRC segments of the MeasurementReportAppLayer message via SRB3 or SRB3-like, the SN concatenates all the RRC segments.
In case the SN receives RRC segments of the MeasurementReportAppLayer message via MN terminated SRB4, the SN forwards the received RRC segments to the MN. The MN concatenates all the RRC segments
Management based QoE activation:
Observation 1: Without coordination between MN and SN, UE application layer may receive two same application layer measurement configurations with different measConfigAppLayerIds for a M-based QoE measurement.
For M-based QoE activation received by SN, SN selects a UE and sends QoE measurement request info to MN and MN responds SN whether QoE measurement is allowed.
Observation 2: Without coordination between MN and SN, same measConfigApplayerId may be allocated for two different QMC configurations in MN and SN respectively for a M-based QoE measurement.
For M-based QoE activation, RAN3 discusses how to coordinate RRC identifier (i.e., measConfigApplayerId) allocation between MN and SN. 
QoE pause/resume in NR-DC:
When setting ‘pause or resume’, both MN and SN overload should be taken into account. The UE shall then pause or resumes the QoE measurement reporting on both DC legs.
QoE measurement continuity in mobility scenarios in NR-DC:
In order to support delta configuration of a QoE measurement configuration in target SN during SN change procedure, source SN provides the source SCG related QoE configuration information to target SN, forwarded via MN.
RAN3 discusses how to handle the available QoE measurement report in SCG leg when SCG failure happens.
The text proposals to TS 38.420 are provided in [2].
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