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1. Introduction 
The support for alignment of radio-related measurement (i.e. MDT) and QoE measurements was included in the QoE WI [1] as shown below:
· Specify the necessary mechanism to support alignment of radio-related measurement (i.e. MDT) and QoE measurement. [RAN3, RAN2]

In this paper, we discuss the details further based on the initial study captured in the TR [2].
1. Discussion
The main purpose of MDT measurements is to collect radio measurements (e.g. signal strength of serving and neighbouring cells) along with location information to detect coverage holes by building coverage maps and thereby optimize the network deployment or configurations to avoid outages and performance degradations.
The main purpose of QoE measurements is to collect application layer measurements e.g. jitter, buffer level, frame rate etc. of different services to optimize application layer performance. Application-layer related QoE measurements are only collected when the application session is ongoing. 
In order for the network to further evaluate and improve the QoE, it is useful to be aware of the radio related measurements when an application is running to determine if a certain degradation in QoE is due to bad radio condition or otherwise.
1. Radio-related measurements
It was discussed in SI phase and captured in the TR that RAN could trigger radio-related measurements (e.g. via existing MDT procedure in NR) towards a certain UE, based on the QoE measurement configuration received from the OAM to assist in NR QoE management. 
It was also discussed that new MDT measurements than what is currently specified could be defined for NR QoE management. However, we believe that there is no strong need to introduce new MDT measurements for the sake of NR QoE management and existing MDT measurements would suffice if the MDT and QoE reports can be correlated together for post processing purposes.
Proposal 1: Existing MDT measurements are sufficient to assist NR QoE management and no new radio-related measurements are to be introduced 
1. Radio-related information
It was discussed in SI phase and captured in TR that certain radio-related information may also be reported besides radio-related measurements. We believe that there is no need to introduce new radio related information as well, at least from UE side to assist NR QoE management.
Proposal 2: Additional radio related information is not reported by UE besides already existing radio-related MDT measurements
1. Alignment of Radio-related measurement and QoE measurement
From 28.405,
A network request session is a session in the mobile network when the network checks for UEs that have the capability to provide requested information.
A UE request session is a session in the network when the network has found a UE that has the capability to provide the requested information and the request is forwarded to the UE.
A recording session is a session in the UE when it initiates recording of the requested end user service/end user service type and record the requested information.
Observation 1: Application-layer related QoE measurements are only collected when the recording session is ongoing. 
MDT can be configured by the OAM/CN to a specific UE (signaling-based) or a group of UEs (management-based) anytime using Trace activation procedure and is either reported periodically or based on an event trigger as shown below for M1 immediate MDT configuration from TS 38.423.
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This IE defines the parameters for M1 measurement collection.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	M1 Reporting Trigger
	M
	
	ENUMERATED (periodic, A2event-triggered, A2event-triggered periodic, …)
	

	M1 Threshold Event A2
	C-ifM1A2trigger
	
	
	Included in case of event-triggered or event-triggered periodic reporting for measurement M1.

	>CHOICE Threshold
	M
	
	
	

	>>RSRP
	
	
	
	

	>>>Threshold RSRP
	M
	
	INTEGER (0..127)	
	This IE is defined in TS 38.331 [18].

	>>RSRQ
	
	
	
	

	>>>Threshold RSRQ
	M
	
	INTEGER (0..127)	
	This IE is defined in TS 38.331 [18].

	>>SINR
	
	
	
	

	>>>Threshold SINR
	M
	
	INTEGER (0..127)	
	This IE is defined in TS 38.331 [18].

	M1 Periodic reporting
	C-ifperiodicMDT
	
	
	Included in case of periodic or event-triggered periodic reporting for measurement M1.

	>Report interval
	M
	
	ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, min1, min6, min12, min30, min60)
	This IE is defined in TS 38.331 [18].

	>Report amount
	M
	
	ENUMERATED (1, 2, 4, 8, 16, 32, 64, infinity)
	Number of reports.



Similarly, QoE can also be configured by the OAM/CN to a specific UE (signaling-based) or a group of UEs (management-based) anytime and is either reported periodically or at the end of an application session as configured.
Observation 2: If MDT measurements are used for assisting application-related QoE measurements, it is beneficial and efficient if measurement collection and reporting can start at the same time. 
Observation 3: MDT and QoE measurements could be reported at different time instants (even if configured together) as the reporting criteria for MDT and QoE could be different based on radio conditions and recording session start/stop time.
Following three cases/solutions are possible when we look to develop a solution to align MDT and QoE measurements 
Solution 1: NG-RAN configures MDT upon recording session start/stop indication by UE
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Figure 1: MDT measurements collected after recording session is started
QoE is configured independently with MDT config using different trace activation commands. Figure 1 shows an example where QoE is configured first and MDT is configured only some time after a recording session is started, either blindly or could be upon session start indication from UE. A drawback with this solution is that there could be no MDT measurements available to be correlated with QoE measurements for some time at the start of recording session if MDT config from NG-RAN takes some time.
Observation 4: Configuring QoE and MDT independently without the knowledge of recording session start might lead to no MDT measurements available for certain duration in order to correlate with QoE reports.
Observation 5: Alignment of MDT and QoE measurements can be done by NG-RAN configuring the QoE measurements first, and then NG-RAN activating or deactivating the MDT measurements upon information from UE e.g., by an indication from UE whether a recording session has started/stopped
However, with multiple QMC support in NR, it is possible that multiple recording sessions for different QoE reference ID are ongoing at the same time. This makes it complex at UE to send a recording session start/stop indication each time for the different QoE reference IDs
Observation 6: Multiple recording session start/stop indication in case of parallel concurrent QoE configurations for each QoE reference ID makes it complex to align MDT and QoE measurements
Proposal 3: UE doesn’t indicate the recording session start or stop to NG-RAN in order to align MDT and QoE measurements
Solution 2: UE starts/stops MDT measurements based on recording session start/stop
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			Figure 2: MDT and QoE measurements are collected together
MDT and QoE measurements are configured together by including QoE reference ID in MDT config. MDT and QoE measurements are then aligned by starting/stopping MDT measurements appropriately with the knowledge of recording session start/stop at the UE.
Observation 7: Alignment of MDT measurements and QoE measurements can be done by NG-RAN configuring MDT measurements with a reference to QoE measurements e.g. by adding QoE reference ID in MDT configuration. UE starts/stops the MDT measurements when session starts/stops for the indicated QoE reference ID respectively.
This solution is possible but adds restriction on the UE to start/stop MDT measurements based on application start/stop.
Proposal 4: No restriction should be added in the UE to start/stop MDT measurements based on recording session start/stop.
Solution 3: Post-processing at RAN with same trace reference and time aligned configuration
MDT and QoE is configured together using same trace activation command and time aligned. Correlation of the results may be done by post processing based on time stamps.
Figure 3 shows an example where recording session is started a while after MDT measurements are configured. Therefore, it is possible that MDT measurements are reported even before recording session is started. This MDT measurement will be wasted if MDT is being configured only to assist NR QoE management. Although this might not be the most efficient, we prefer solution 3 to avoid unnecessary UE impacts (as in case 1 and case 2) and achieve alignment of QoE and MDT at RAN via post-processing.
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Figure 3: MDT measurements collected before recording session is started
Proposal 5: If MDT and QoE measurements are configured together e.g. using same trace reference and time aligned, e.g. based on time stamps, correlation of the results may be done by post processing. 
1. Conclusion
Proposal 1: Existing MDT measurements are sufficient to assist NR QoE management and no new radio-related measurements are to be introduced 
Proposal 2: Additional radio related information is not reported by UE besides already existing radio-related MDT measurements
Observation 1: Application-layer related QoE measurements are only collected when the recording session is ongoing. 
Observation 2: If MDT measurements are used for assisting application-related QoE measurements, it is beneficial and efficient if measurement collection and reporting can start at the same time. 
Observation 3: MDT and QoE measurements could be reported at different time instants (even if configured together) as the reporting criteria for MDT and QoE could be different based on radio conditions and recording session start/stop time.
Observation 4: Configuring QoE and MDT independently without the knowledge of recording session start might lead to no MDT measurements available for certain duration in order to correlate with QoE reports.
Observation 5: Alignment of MDT and QoE measurements can be done by NG-RAN configuring the QoE measurements first, and then NG-RAN activating or deactivating the MDT measurements upon information from UE e.g., by an indication from UE whether a recording session has started/stopped
Observation 6: Multiple recording session start/stop indication in case of parallel concurrent QoE configurations for each QoE reference ID makes it complex to align MDT and QoE measurements
Proposal 3: UE doesn’t indicate the recording session start or stop to NG-RAN in order to align MDT and QoE measurements
Observation 7: Alignment of MDT measurements and QoE measurements can be done by NG-RAN configuring MDT measurements with a reference to QoE measurements e.g. by adding QoE reference ID in MDT configuration. UE starts/stops the MDT measurements when session starts/stops for the indicated QoE reference ID respectively.
Proposal 4: No restriction should be added in the UE to start/stop MDT measurements based on recording session start/stop.
Proposal 5: If MDT and QoE measurements are configured together e.g. using same trace reference and time aligned, e.g. based on time stamps, correlation of the results may be done by post processing. 
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