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Introduction

The Work Item on QoE reporting has been agreed in RAN#91 (RP-210913) with the following objectives:

	Specify the support for QoE measurement collection in NR standalone mode. [RAN2, RAN3]
Specify configuration, activation, and deactivation procedures for both signalling-based and management-based QoE measurement collection and reporting, taking LTE QoE solutions as baseline, as defined in TR 38.890.
Specify configuration and reporting for multiple simultaneous QoE measurements at a UE.
Specify QoE measurement handling at RAN overload, including pause and resume of QoE measurement reporting.
Specify QoE measurement handling in RRC_INACTIVE, i.e. keeping the QoE measurement configuration without measuring and reusing the same configuration upon transition from RRC_INACTIVE to RRC_CONNECTED.
NOTE: RRC segmentation may be needed for transmission of QoE reports, and any potential solutions need detailed technical specification of the procedures (if time allows in RAN2).

Specify the support for QoE measurement collection and reporting continuity in intra-system intra-RAT mobility scenario for signaling based QoE. Mobility support for management based QoE measurements is pending input from SA5. [RAN3, RAN2]

To support RAN visible QoE, evaluate and specify an initial relevant set of RAN-visible QoE parameters, then specify configuration and reporting. [RAN3, RAN2]
Specify the support for per-slice QoE measurement. [RAN3, RAN2]
Specify the necessary mechanism to support alignment of radio-related measurement (i.e. MDT) and QoE measurement. [RAN3, RAN2]



In addition, below agreements about NR QoE mobility have been made by companies in RAN3#113e:

Include signaling based QoE measurement configuration in handover preparation messages i.e. in XnAP: HANDOVER REQUEST, NGAP: at least HANDOVER REQUEST. 

Signalling based QoE can override an existing management based QoE configuration.

Request RAN2 to include pause status information for reporting in RRC container (Source to Target Transparent Container).
The intention of this contribution is to share our views on the QoE mobility FFS points we left in previous RAN3 meeting.
Discussion
Area scope handling

An LS[1] on the area handling for NR QoE during mobility has been sent from RAN3 to RAN2 after RAN3#112e. RAN3 noticed RAN2 and SA4 that RAN3 agreed to support Option 1 which is shown below:

Option 1, where the network is responsible for keeping track of whether the UE is inside or outside the area and configures / releases configuration accordingly.

As far as we know, whether UE should keep performing the QoE measurement when UE is out of the configured area scope has not been discussed by RAN2. And it is impossible for RAN2 to make any decision on this topic since RAN3 has already made agreement that NW is fully responsible for the area handling. In addition, it is clear that SA4 is not responsible for the NW behavior.
Observation 1: It is proposed that RAN3 should discuss whether the QoE measurement should keep performing when UE is out of area scope.
The following content can be found in SA4’s specification TS26.114.
The QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criterias for an ongoing session shall be unaffected by any QoE configuration changes received during that session. This also includes evaluation of any filtering criterias, such as geographical filtering, which shall only be done when the session starts. Thus changes to the QoE configuration will only affect sessions started after these configuration changes have been received.
Based on our understanding, the above content describes that app layer should check the criterion before QoE measurement initiation. After the measurement is initiated, the app layer can not stop an ongoing QoE measurement by itself and will not further check the criterion.

Meanwhile in SA5’s TS28.405,section 4.2.3.1 Forced deactivation(please find this part in annex part), it shows that from SA5’s point of view, RAN node can send a message to UE and stop/release the ongoing QoE measurement. Hence, from data transmission efficiency point of view, we prefer to support that:

Proposal 1: Once UE moves out of the area scope, the QoE configuration should be released. 
More detail explanation on how NW releases the QoE configuration, when a UE moves out of the area scope will be explained in next section in this contribution.
Procedures for signalling based QoE continuity during HO

This section is used illustrate a general procedure on how to support the signalling based QoE continuity during handover and how to release the QoE configuration when UE is out of the area scope. Based on the RAN3 previous agreement shown below:

Option 1 is agreed by RAN3 on area handling for QoE i.e. the network is responsible for keeping track of whether the UE is inside or outside the area and the network configures/releases configuration accordingly.

The network should be responsible for the QoE area handling during the handover. Hence, the AreaScope should always be kept at gNB side. 

Observation 2: The area scope of a QoE should be kept at gNB side instead of UE side.

When the intra-RAT handover occurs, for the signalling based QoE, the source gNB should forward the QoE reference ID, AreaScope, and MCE IP Address which are used to indicate continuity is supported by the relevant QoE session to the target gNB. For a QoE session which does not support QoE continuity(e.g. management based QoE), its QoE reference ID, AreaScope, or MCE Address should not be added into the HANDOVER REQUEST information. In addition, the QoE configuration information which is used for the target gNB to know which QoE sessions are configured at UE side should also be added into RRC Context(e.g. HandoverPreparationInfomation) in the HANDOVER REQUEST message.

And when the target gNB receives the HANDOVER REQUEST message, for each QoE configuration in the RRC Context, it should check whether the QoE reference ID, AreaScope and MCE IP Address can be found in the received message. If so, the target gNB considers that the related QoE session supports QoE continuity. Then the target gNB should perform the area scope checking and add the QoE information into the Target NG-RAN node To Source NG RAN node Transparent Container in the HANDOVER REQUEST ACKNOWLEDGE message if the UE is inside the area scope of the QoE after handover.

The Target NG-RAN node To Source NG RAN node Trasparent Container which contains the valid QoE information will be received by UE via RRCReconfiguration message. Then, the UE believes the QoE measurement whose information can be found in the received RRCReconfiguration message can keep running when UE camps in the target gNB. The QoE measurement whose information cannot be found in the received message may either do not support QoE continuity or be outside the area scope. Then this QoE measurement should be released. 

A general procedure about NR QoE area handling for a QoE during handover is illustrated as below:
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Figure 1. signalling based QoE continuity during handover
For the signalling based QoE, the source gNB knows it supports QoE continuity during handover. 

Source gNB sends the Handover Request message to target gNB and includes QoE reference ID, AreaScope, MCE IP Address and the QoE configuration added in the RRC Context.
For each QoE configurations contained in the RRC Context, the target gNB should check whether the related QoE reference ID, AreaScope, or MCE IP Address can be found in the received message. In this example, the target gNB can find the relevant QoE information in the received message. Hence, the target gNB considers the QoE supports continuity during handover and performs the area scope checking for the QoE. 

2.1 If the target gNB is inside the area scope, the QoE configuration should be added into a transparent container(e.g. Target NG-RAN node To Source NG RAN node Trasparent Container) which will be sent to source gNB.

2.2 If the target gNB is out of the area scope, the related QoE configuration should not be added into the transparent container(e.g. Target NG-RAN node To Source NG RAN node Trasparent Container).

 Target gNB sends the Handover Request Acknowledge message which contains the transparent container to the source gNB.

The source gNB sends the RRCReconfiguration message to the UE indicating the QoE measurement(s) of which it is inside the area scope.
The access stratum in the UE sends the AT command +CAPPLEVMC to application level indicating if the target cell is inside or outside the AreaScope.
The UE sends the message RRCReconfigurationComplete to the target gNB.
The general handover procedure about QoE supporting mobility continuity is shown above. It is proposed that RAN3 shall consider the above procedures as baseline. Detail IEs and steps can base on contribution driven in following meetings.

Proposal 2: RAN3 shall consider the described procedures about signalling based NR QoE continuity during handover. Detail IE can be FFS.
Procedures for management based QoE continuity during HO

The handover procedure for a QoE which does not support mobility continuity(e.g. management based QoE) is similar to the steps described in previous section(but with different IEs). The general procedure is illustrated below:
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Figure 2. management based QoE handling during handover
For the management based QoE, the source gNB knows it does not support QoE continuity during handover. 

Source gNB sends the Handover Request message to target gNB and only includes the QoE configuration of the management based QoE.
For the QoE measurement which can only find the QoE configuration in the RRC Context, the target gNB should consider that the QoE does not support mobility continuity. Hence, the QoE configuration should not be added into the QoE transparent container.

Target gNB sends the Handover Request Acknowledge message which contains the transparent container to the source gNB.

The source gNB sends the RRCReconfiguration message to the UE indicating the QoE measurement(s) of which it is inside the area scope.
In this example, the management-based QoE does not support mobility continuity, so the UE can not find its configuration in the received RRCReconfiguration message. Hence, the UE should release the QoE configuration accordingly. In addition, the access stratum in the UE sends the AT command +CAPPLEVMC which is used to release the related QoE to application level.
The UE sends the message RRCReconfigurationComplete to the target gNB.
The general handover procedure about QoE unsupporting mobility continuity is shown above. It is proposed that RAN3 shall consider the above procedure as baseline. Details can be FFS.

Proposal 3: RAN3 shall consider the described procedure about management based NR QoE handling in handover. Detail IE can be FFS.

Handling of HO to a non-supporting target gNB

Companies have discussed how to handle the QoE configuration when a UE handovers to a gNB which does not support NR QoE. After both online and offline discussion, no consensus has been made in previous RAN3 meeting. From our point of view, it is not appropriate for a gNB which does not support NR QoE to store QoE configuration data. 

Observation 3: If a gNB does not support NR QoE, it can not understand QoE configuration data it received. 
It is clear that storing some unknown data(e.g. NR QoE configuration data) in a gNB is not good for gNB’s resource allocation. Because a gNB which does not support QoE configuration can not perform proper operations to this chunk of unknown data. For example, a QoE non supporting gNB can not release the expired QoE configuration data in time. What’s worse, the data may be handovered and kept in another gNB which does not support NR QoE. In other words, storing NR QoE configuration data in a gNB will have a negative impact on the network optimization, resource allocation, and data transportation efficiency.In addition, based on our understanding, storing unknown data may lead to higher risk on the network security. 

Observation 4: Storing NR QoE configuration data in a QoE non-supporting gNB will have negative impact to the network.

Hence, from our point of view, a gNB which does not support NR QoE can not store a NR QoE configuration propagated from another node.

Proposal 4:A gNB which does not support NR QoE can not store a NR QoE configuration propagated from another node. 

The handover procedure when a UE handovers from NR QoE supporting gNB to a NR QoE non supporting QoE is similar to the procedure described in this contribution. The general procedure is illustrated below:
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Figure 3. handover to a QoE non-supporting gNB
For the signalling based QoE, the source gNB knows it supports QoE continuity during handover. 

Source gNB sends the Handover Request message to target gNB and includes QoE reference ID, AreaScope, MCE IP Address and the QoE configuration added in the RRC Context.

When target gNB receives the Handover Request message, considering the target gNB does not support NR QoE, it can not figure out the QoE configuration data. Hence, the QoE configuration can not be added into the transparent container(e.g. Target NG-RAN node To Source NG RAN node Trasparent Container). 

The target gNB sends the Handover Request Acknowledge message which contains the transparent container without QoE configuration data to the source gNB.

The source gNB sends the RRCReconfiguration message which contains the transparent container to the UE.

In this example, the target node does not support NR QoE, so the UE can not find the QoE configuration data in the received RRCReconfiguration message. Hence, the UE should release all QoE configurations. In addition, the access stratum in the UE sends the AT command +CAPPLEVMC which is used to release the related QoE to application level.

The UE sends the message RRCReconfigurationComplete to the target gNB.

Proposal 5: RAN3 shall consider the described procedure about how NW performs when the target gNB does not support NR QoE as baseline. Detail IE can be FFS.

Overriding configurations

An LS on multiple QoE measurement configurations for one certain service type is received from SA5. The related content is shown below:

Issue 2: Provide multiple QoE measurement configurations for one certain service type

RAN2 is discussing QoE configuration and reporting signalling support, and some companies mention it is possible that multiple QoE measurement configurations can be provided to UE for one certain service type, e.g. different QoE measurement configurations for different slices may be applied to one service type, or different QoE measurement configurations may be applied for different application providers. RAN2 would like to check with SA5/RAN3 whether it is possible to provide multiple QoE measurement configurations for one certain service type?

SA5: The mechanisms of QMC defined in TS 28.405 does not support multiple QoE measurement configurations. The content in the latest version of 28.405 is for UMTS and LTE, it will be enhanced to support NR in release 17. SA5 think it is possible to provide multiple QoE measurement configurations for one certain service type, and how to support multiple QoE measurement configurations for one certain service type will be considered in NR. 

In general, SA5 will wait for further RAN2 progress and then see if some updates to SA5 specifications are needed or not.

As shown as green highlighted above, SA5 believes it is possible to provide multiple QoE measurement configurations for one certain service type. Further updates may be performed based on RAN2 progress.

Meanwhile in RAN3, there is no consensus on how to perform the overriding configurations(e.g. per QoE ID, per service type, etc). Considering the time budget is limited in RAN3 and other WGs(e.g. SA5, RAN2) will further discuss the topics which are high related to the overriding issue, it is proposed that the discussion of the mechanism about how to override the QoE configuration should be postponed until RAN3 receives further inputs from other WGs.

Proposal 6: Discussion of the mechanism about how to override the QoE configuration should be postponed until RAN3 receives further inputs from other WGs.

Inter node transfer of additional information and the interface impact

As described in TR 38.890, in LTE, to support the QoE measurement in mobility scenarios, the QoE configuration is forwarded from the source eNB to the target eNB inside the Trace Activation IE over the X2 interface. The same IE is sent over the S1 interfaces for mobility scenarios when the X2 interface is not established between the source and the target. 

Similar as in LTE, QoE information needed to be introduced in HANDOVER REQUIRED and HANDOVER REQUEST message in NGAP and in HANDOVER REQUEST message in XnAP. To support keeping QoE measurement configuration in RRC_INACTIVE state mobility, QoE measurement configuration for a UE can be fetched from the node hosting the UE Context. Therefore QoE information needed to be introduced in RETRIEVE UE CONTEXT RESPONSE in XnAP.
In RAN3#113e, companies made the agreement on the propagation of QMC configuration during mobility is shown below:

Include signaling based QoE measurement configuration in handover preparation messages i.e. in XnAP: HANDOVER REQUEST, NGAP: at least HANDOVER REQUEST.
Based on this agreement and TR 38.890, further agreement should be made by RAN3 that:

Proposal 7: HANDOVER REQUIRED message in NGAP and RETRIEVE UE CONTEXT RESPONSE in XnAP can be used to carry QoE information for QoE measurement collection and reporting continuity in intra-system intra-RAT mobility scenario. 
In LTE, there are three Items can be carried from source eNB to target eNB. The list of the items including:
1: Container for application layer measurement configuration

2: Area scope

3: Service type

These information can be reused for NR. In addition, since QoE activation can be separated from Trace activation procedure, other information including QoE Reference ID and MCE are also necessary to be convey from source RAN node to the target RAN node. And in order to support multiple QoE function, a QoE configuration list should be supported in QoE information. 

So based on the agreeements of last meeting and our further understanding, we have the proposal as below:
Proposal 8: In order to support multiple QoE function, a QoE configuration list should be supported in QoE information which provide from source RAN node to target RAN node. 

The QoE configuration includes :
1: List of UE Application layer measurement configuration
2: MCE IP Address
3: MDT Trace ID
Where each UE Application layer measurement configuration IE in the list further contains: 
1: QoE Reference ID
2: Area scope

3: Service type
4: Container for application layer measurement configuration

Slice Scope
In LTE, Trace Activation IE is used to carry QoE information for mobility scenario.
However, before RAN3#114e, SA5 sends the reply LS and answers RAN3 questions on (de)activation and failure handling of NR QMC. The related content in the LS is shown below:

Q1: Whether and how the Trace mechanism can handle, or be enhanced to handle, the scenario that QMC is triggered after legacy trace for one UE, while the legacy trace and/or MDT still need to be kept? In this case, will the TR/TRSR for the QMC session be different from the TR/TRSR used for legacy trace and/or MDT session? If yes, will the TR/TRSR for the QMC session and the TR/TRSR used for legacy trace and/or MDT session exist simultaneously for one UE?

SA5: The trace mechanisms defined in TS 32.422 are not reused for QMC. The mechanisms of QMC control and configuration are defined in TS 28.405.  The content in the latest version of 28.405 is for UMTS and LTE, it will be enhanced to support NR in release 17.

Based on our understanding, SA4 clarifies that the trace mechanisms are not reused for QMC. Hence, the QoE configuration IE can not be added into the Trace Activation IE for mobility related signalling, e.g. Handover request in XnAP, Detail discussion about separating QoE from Trace Function can be found in our other contribution[2]. 
Proposal 9: QoE information IE needs to be separated from Trace Activation IE in the message in NGAP and XnAP. 
3. Conclusion

In this contribution , proposals and observations are:
Observation 1: It is proposed that RAN3 should discuss whether the QoE measurement should keep performing when UE is out of area scope.

Proposal 1: Once UE moves out of the area scope, the QoE configuration should be released. 

Observation 2: The area scope of a QoE should be kept at gNB side instead of UE side.

Proposal 2: RAN3 shall consider the described procedures about signalling based NR QoE continuity during handover. Detail IE can be FFS.

Proposal 3: RAN3 shall consider the described procedure about management based NR QoE handling in handover. Detail IE can be FFS.

Observation 3: If a gNB does not support NR QoE, it can not understand QoE configuration data it received. 

Observation 4: Storing NR QoE configuration data in a QoE non-supporting gNB will have negative impact to the network.

Proposal 4:A gNB which does not support NR QoE can not store a NR QoE configuration propagated from another node. 

Proposal 5: RAN3 shall consider the described procedure about how NW performs when the target gNB does not support NR QoE as baseline. Detail IE can be FFS.

Proposal 6: Discussion of the mechanism about how to override the QoE configuration should be postponed until RAN3 receives further inputs from other WGs.

Proposal 7: HANDOVER REQUIRED message in NGAP and RETRIEVE UE CONTEXT RESPONSE in XnAP can be used to carry QoE information for QoE measurement collection and reporting continuity in intra-system intra-RAT mobility scenario. 

Proposal 8: In order to support multiple QoE function, a QoE configuration list should be supported in QoE information which provide from source RAN node to target RAN node. 

The QoE configuration includes :

1: List of UE Application layer measurement configuration

2: MCE IP Address

3: MDT Trace ID

Where each UE Application layer measurement configuration IE in the list further contains: 

1: QoE Reference ID

2: Area scope

3: Service type

4: Container for application layer measurement configuration

5.Slice Scope

Proposal 9: QoE information IE needs to be separated from Trace Activation IE in the message in NGAP and XnAP. 
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Annex A TR 38.890

6.6 
Support for Mobility 

Seamless mobility is a key functionality in NR and its impacts should be measurable at the application layer. To enable measuring the impact of the mobility on the application and users’ QoE, it is required to support QoE measurement reporting continuity in intra-system intra-RAT intra-node and inter-node mobility scenarios: for intra-node mobility for both management-based and signalling-based QoE. At least signalling-based QoE supports this also in case of inter-node mobility. Support for management-based QoE will be discussed in normative phase, with respect to the “Requirements from SA WGs” below.
In LTE, to support the QoE measurement in mobility scenarios, the QoE configuration is forwarded from the source eNB to the target eNB inside the Trace Activation IE over the X2 interface. The same IE is sent over the S1 interfaces for mobility scenarios when the X2 interface is not established between the source and the target. 

In NR, to support mobility for QoE measurements in RRC_CONNECTED state, the QoE measurement configuration transfer is supported on the Xn and NG interfaces, inside the Trace Activation IE as a part of UE Application Layer Measurement Configuration IE that may contain multiple QoE configurations for multiple service types. QoE measurements in RRC_IDLE and RRC_INACTIVE state can be supported for MBS. To support keeping QoE measurement configuration in RRC_INACTIVE state mobility, QoE measurement configuration for a UE can be fetched from the node hosting the UE Context. Whether UE stores its QoE configuration when going to RRC_INACTIVE state for potential use when the UE moves back to RRC_CONNECTED state will be decided in technical specification of the procedures.
In addition, the SA4 requirements for QoE measurements stipulate that the client shall check the QoE configuration only when a session starts (see “Requirements from SA WGs” below). This means that the client shall continue the QoE measurements for an ongoing session even if the UE moves out of the configured area. The SA4 requirements are RAT-independent and shall therefore be applied to the mobility solution for QoE measurement in NR, as well. QoE measurement reporting continuity in intra-system inter-RAT mobility scenarios should therefore be prioritized in Rel-17. QoE measurement reporting continuity in inter-system mobility scenarios may be handled in Rel-18. Appropriate action for the case where the target RAT does not support the source RAT configurations (including QoE configuration) is to be defined in normative phase in coordination with RAN2. Other issues requiring clarification in normative phase include how the area scope is configured to cover inter-RAT mobility, how service continuity is dealt together with QoE measurements for intra-RAT inter-node mobility, how the target RAT/system knows if the source side has configured the QoE measurement for the concerned UE.
For support of MR-DC, a selection between one or more of the following alternatives may be done in normative phase:

-
Alternative 1: No support – only the MN can configure QoE in the UE, and QoE measurement reports are sent from the UE to the MN.

-
Alternative 2: Flexible QoE configuration, i.e. may be done by either the MN or the SN. 

-
Alternative 3: Flexible QoE measurement reporting, i.e. may be done via either the MN leg or the SN leg (e.g. depending on load situation or on a need basis).

Alternatives 2 and 3 may be combined.

One example use case for MR-DC QoE support is that, for a DC-capable UE, the RAN may want to determine whether to set up the DC for this UE or not. For instance, if QoE performance with only one leg set up is sufficiently good, then setting up the other leg may be unnecessary, i.e. it would unnecessarily drain the UE’s battery.

Requirements from SA WGs:

LS [7] from SA5 states “It is essential that handover is supported for QoE measurements”, and refers to:

-
TS 28.404 REQ-EUSPC-CON-1: The operator shall have a capability to request collection of QoE information per end user service/end user service type for a specified area. The request may include an address of a collection centre to which the collected information shall be delivered.

-
TS 26.114 clause 16.3, TS 26.247 clause 10.5 LocationFilter: “When present, this element indicates the geographic area(s) or location(s) where quality metric collection is requested.”

-
TS 26.114 clause 10.1, TS 26.247 clause 16.3: “The QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criterias for an ongoing session shall be unaffected by any QoE configuration changes received during that session. This also includes evaluation of any filtering criterias, such as geographical filtering, which shall only be done when the session starts. Thus changes to the QoE configuration will only affect sessions started after these configuration changes have been received.”

At the time of this study, SA4 has only specified QMC functionality (for QoE configuration and reporting) for UMTS and LTE [8].
Other references that need to be considered for RAN3’s work:

-
TS 26.114 clause 16.5.1: “The QoE configuration AT command +CAPPLEVMC may also indicate with an Within-area Indication if the UE is inside or outside a wanted geographic area. Such an indication may arrive with or without any QoE configuration container attached. If the MTSI client is informed that it is not inside the area, it shall not start any new QoE measurements even if it has received a valid QoE configuration container, but shall continue measuring for already started sessions.” The same behaviour is described for the DASH client in TS 26.247 annex L. 

-
TS 26.114 clause 16.5.2 XML configuration: “Note that if geographical filtering is handled on the network side (i.e. QoE reporting is turned on/off by the network depending on the UE location), no LocationFilter should be specified in the QoE Configuration, as this would mean two consecutive filterings.”
To fulfil the SA4 and SA5 QoE requirements of mobility, the details of Area Handling at mobility shall be addressed in the WI. For the Area Handling at mobility there are three main options, as follows:

-
Option 1, where the network is responsible for keeping track of whether the UE is inside or outside the area and configures / releases configuration accordingly. 

-
Option 2, where the network is responsible for keeping track of whether the UE is inside or outside the area, and the UE responsible to manage start/stop of QoE accordingly. 

-
Option 3, where the UE is responsible for area checking (UE has the area configuration) and to manage start/stop of QoE accordingly.

The mobility procedure adaptation for signalling-based vs. management-based shall be addressed in the WI.

Annex B TS 28.405
4.2.3.1
Forced deactivation

When the operator technician or the management application wants to deactivate a measurement collection job, the management system sends the deactivateQMCJob operation [3] to the eNB. The eNB sets the network request session to ended, but does not delete the UE request session id and the Collection Entity Address parameters [3], as the UE still may send reports which shall be send to the collection centre. For UE request sessions which have reported that a recording session is started, the eNB sends the RRCConnectionReconfiguration message [8] to relevant UEs. The RRCConnectionReconfiguration message is including measConfigAppLayer set to discard application layer measurement report information in otherConfig [8]. The Access stratum sends +CAPPLEVMC AT command [5] to the application with the discard request. The application stops the recording session and stops recording of the requested information. The UE request session id and the Collection Entity Address parameters [3] in the eNB are deleted when the UE request session is ended.


