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1	Introduction
In this paper, we discuss different aspects for supporting QoE measurements in mobility scenarios, including:
· Fulfilling the SA4 requirements upon mobility outside the QoE area scope; and
· QoE support in inter-RAT and inter-system mobility.
[bookmark: _Ref178064866]2	Discussion
The mobility-related QoE issues are discussed in the following subsections.
2.1 Fulfilling the SA4 requirements upon mobility outside the QoE area scope
Regarding QoE support in mobility scenarios, SA4 has specified requirements for QoE measurements, stating that the UE shall check the QoE configuration only when the respective session starts [1], [2]. This means that any potential changes in QoE configuration would not be effective for an ongoing session. See the SA4 requirements in Figure 3. 26.247, clause 10.1: 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.
26.114, 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.









Figure 1: SA4 requirements about checking QoE configuration only upon session start; changes in QoE configuration would not be effective for an ongoing session.
At the RAN3#110-e meeting it was also agreed to discuss the fulfilment of SA4 requirements on QoE measurement for ongoing sessions.Agreement in 3GPP RAN WG3 meeting # 110e
· Discuss the potential solutions fulfilling SA4 requirement that a QoE measurement for an ongoing session shall not be interrupted, even if the UE moves across area boundaries during the session (out of the area or intermittently in and out of the area).






Some motivation for this requirement is that QoE measurements pertaining to parts of sessions, rather than entire sessions, are of little use. Firstly, OAM may not be able to extract any of the information in the file if not the whole file is received. Secondly, UEs at the cell (or area) boundaries might move in and out of the area scope intermittently during the session, and these entries/exits are of high interest, as they might involve different kind of handovers as well as mobility failures and failure recovery. Therefore, ending an ongoing session measurement as soon as the UE moves out of the area may compromise the QoE measurements by excluding perhaps the most interesting part of the measurements. Moreover, for very small areas (say area scope consisting of a single cell), it may not be possible, in practice, to get any measurements at all, since most UEs would move away from the cell at some time during the session (for example handover can be triggered for load balancing purpose).
The SA4 requirements mean that the UE should check the area scope when starting the measurements, but if the UE moves out of the area, the QoE measurements should not be stopped for the ongoing sessions. However, new measurements for the new sessions starting when the UE is outside of the area should not be triggered.
Observation 1: The SA4 requirements for QoE measurements stipulate that the client shall check the QoE configuration when each session starts. 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 above-mentioned requirements are associated to the services and hence are RAT-independent. Therefore, it is obvious that the same requirements should be considered in NR (in addition to LTE) when specifying mobility support for QoE measurements.
Observation 2: The SA4 requirements are RAT-independent and shall therefore be applied to the mobility solution for QoE measurement in all QoE-supported RATs, i.e. in both NR and LTE.
Fulfilling these SA4 requirements is not straightforward, since only the application layer in the UE knows when the session is ongoing or not, while the network layer has no such information. The UE may not be aware of exiting the area if that information only resides in the network. 
In general, we think there might be three different approaches to solve this problem during CONNECTED mode mobility. These three approaches are: 
i. The network sends the entire area scope configuration to the UE;
ii. The network sends the release command to the UE, upon the UE moving outside the area;
iii. The network sends a WithinArea flag to indicate whether the target cell is in the area or not.

Among the above-mentioned solutions, the solution (i) is logged MDT-like solution in which the UE receives the entire area configuration and checks if the serving cell is inside or outside the area. However, in logged MDT, the measurements are performed when the UE moves to IDLE/INACTIVE mode and that is why the entire area configuration is sent to the UE as a UE in IDLE/INACTIVE mode is not accessible by network (compared to RRC_CONNECTED mode). Hence, this solution may not be required for QoE measurements which are performed in RRC_CONNECTED mode and not in IDLE/INACTIVE mode. In addition, further specification work is necessary to fulfil the SA4 requirements. The application layer in the UE is not aware of the area and when handovers occur, so some information needs to be added to AT commands, see TS 27.007, to e.g. transfer the area to the application layer or information about when the UE moves out of the area.
Solution (ii) is to use the ASN.1 release command to instruct the UE to release the existing QoE configuration. However, this approach does not meet the SA4 requirements which is to support QoE measurement for ongoing sessions even if the UE moves outside the area. In fact, in this method, at cell boundaries the QoE configuration for ongoing sessions will be released which is against the SA4 requirements.  One way to make this solution compliant with SA4 requirement is to enhance it as a pending release command which will be received by the UE but will not be executed until the end of the ongoing sessions. However, if session progresses until the UE comes back to the QoE configuration area again, the pending release needs to be cancelled with another indication to the UE. 
Solution (iii) is to implement a WithinArea indication, as requested by SA5 LS [3]. Upon moving outside the area, this indication informs the UE that the target cell is not within the configured area scope. Hence, the UE finalizes the ongoing session even outside the area, but it does not start any new measurement for new sessions starting in the cells that are outside the area. If the UE comes back to the configured area with some ongoing session this IE can indicate it to the UE. Note that this indication is not needed as long as UE only moves inside the area. Hence this approach is compliant with the SA4 requirements and fulfills its requirements. Moreover, in this approach, the UE does not need to release the entire configuration for the ongoing sessions and corresponding ongoing QoE measurements when it moves outside the area. This is beneficial for the scenario where the UE moves continuously in and out of the area, as the QoE configuration does not need to be sent again every time the UE re-enters the area. 
The pros and cons of the above-mentioned solutions are discussed in the Table 1.
Table 1: Pros and cons of different solutions for enabling mobility support for QoE measurement
	[bookmark: _Toc53489959][bookmark: _Toc53497229][bookmark: _Toc53497251][bookmark: _Toc53559348][bookmark: _Toc53646298]Method
	[bookmark: _Toc53489960][bookmark: _Toc53497230][bookmark: _Toc53497252][bookmark: _Toc53559349][bookmark: _Toc53646299]Advantages
	[bookmark: _Toc53489961][bookmark: _Toc53497231][bookmark: _Toc53497253][bookmark: _Toc53559350][bookmark: _Toc53646300]Disadvantages

	[bookmark: _Toc53489970][bookmark: _Toc53497241][bookmark: _Toc53497263][bookmark: _Toc53559360][bookmark: _Toc53646301]#1: Sending the entire area scope configuration to the UE
	· [bookmark: _Toc53489971][bookmark: _Toc53497242][bookmark: _Toc53497264][bookmark: _Toc53559361][bookmark: _Toc53646302]Simplicity - the network sends the configuration to the UE only once, and the UE has the sufficient information to decide when starting a session.
	· [bookmark: _Toc53489972][bookmark: _Toc53497243][bookmark: _Toc53497265][bookmark: _Toc53559362][bookmark: _Toc53646303]Causes more control traffic as the entire area configuration list should be sent to the UE.
· [bookmark: _Toc53646304]It is used in MDT, but in MDT UE performs logged MDT in IDLE/INACTIVE mode, whereas in QoE the UE performs QoE measurements in CONNECTED mode.
· New AT command is required to inform the application layer to continue or release the configuration.

	[bookmark: _Toc53646305]#2: Sending a release command to the UE upon moving outside of the area 
	· [bookmark: _Toc53646307]Reuses the existing release command in LTE for NR case

	· Needs to be enhanced with a pending release command to fulfill SA4 requirements. 
· It requires another indication to cancel the pending release, if UE comes back to the area.

	[bookmark: _Toc53489967][bookmark: _Toc53497238][bookmark: _Toc53497260][bookmark: _Toc53559357][bookmark: _Toc53646309]#3: Sending WithinArea indication to the UE upon mobility
It requires three states:
· True: UE comes back to the area
· False: UE goes outside the area
· Absent: both source and target cells are within area
	· [bookmark: _Toc53489968][bookmark: _Toc53497239][bookmark: _Toc53497261][bookmark: _Toc53559358][bookmark: _Toc53646310]Efficient in terms of traffic (only one bit when UE bounces at cell boundaries)
· [bookmark: _Toc53646311]Fulfills SA4 requirements on continuation of QoE measurements after moving out of the area.
	



Observation 3: QoE measurements in RRC_CONNECTED mode mobility can be supported based on one of the following options:
i. Sending the entire area configuration list to the UE;
ii. Sending release command to UE upon moving outside the area;
iii. Sending WithinArea indication to UE upon handover.
Based on the above analysis, we propose discuss and agree on a solution for QoE measurements considering the SA4 requirements for mobility support for QoE measurements, requiring the UE to check the QoE configuration only when a new session starts.
Proposal 1: RAN2 to discuss and decide on a solution for supporting QoE measurements in mobility scenarios fulfilling SA4 requirements i.e., avoid stopping a QoE measurement for an ongoing session, even if the UE moves across area boundaries.
2.2 QoE support in inter-RAT and inter-system mobility
At the RAN3#110-e meeting it was agreed to discuss whether inter-RAT and/or inter-system mobility for QoE measurement should be supported or not.Agreement in 3GPP RAN WG3 meeting # 110e
· Discuss whether inter-RAT and/or inter-system mobility for QoE measurements should be supported.
· .








QoE measurements are performed at the application layer and application is not aware of the underlying RAT. Hence, we think that QoE measurements can be supported in inter-RAT and even inter-system mobility scenarios. 
However, there might be some cases that the target RAT/system may not support signaling solution and configuration of the QoE measurement configurations and reports. Therefore, a counter action should be taken for such cases i.e., when the target RAT or target system does not support QoE measurements. One example scenario can be that if the target RAT does not understand the RRC configuration of the source cell it sends a fullConfig as part of the RRC Reconfiguration to the UE. This may happen also in intra-system scenarios.
Observation 4: In inter-RAT and/or inter-system mobility, it is likely that the target RAT does not support the QoE measurement signaling and configurations. 
Observation 5: If the target node does not support the source RAT configurations (including QoE configuration) the UE may receive a fullConfig from the target node.
Proposal 2: RAN2 to discuss the case when the target node does not support QoE measurement signaling. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1: The SA4 requirements for QoE measurements stipulate that the client shall check the QoE configuration when each session starts. This means that the client shall continue the QoE measurements for an ongoing session even if the UE moves out of the configured area.
Observation 2: The SA4 requirements are RAT-independent and shall therefore be applied to the mobility solution for QoE measurement in all QoE-supported RATs, i.e. in both NR and LTE.
Observation 3: QoE measurements in RRC_CONNECTED mode mobility can be supported based on one of the following options:
i. Sending the entire area configuration list to the UE;
ii. Sending release command to UE upon moving outside the area;
iii. Sending WithinArea indication to UE upon handover.
Observation 4: In inter-RAT and/or inter-system mobility, it is likely that the target RAT does not support the QoE measurement signaling and configurations. 
Observation 5: If the target RAT does not support the source RAT configurations (including QoE configuration) the UE may receive a fullConfig from target RAT.
Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1: RAN2 to discuss and decide on a solution for supporting QoE measurements in mobility scenarios fulfilling SA4 requirements i.e., avoid stopping a QoE measurement for an ongoing session, even if the UE moves across area boundaries.
Proposal 2: RAN2 to discuss the case when the target RAT does not support QoE measurement signaling.
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