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1         Introduction
Multicast and Broadcast Service (MBS) was specified in LTE and NR, in [1], while Quality of Experience (QoE) was specified for Virtual Reality (VR) and Dynamic Adaptive Streaming over HTTP (DASH) in [2]. The WID [3] for Release 18, entitled “Enhancement on NR QoE management and optimizations for diverse services”, aims at introducing enhanced QoE support for diverse services, such as MBS. This contribution addresses the following objective defined in [3]: “Specify for QoE measurement configuration and collection in RRC_INACTIVE and RRC_IDLE states for MBS, at least for broadcast service [RAN3, RAN2]” and further discusses the issues raised in the RAN2#120 meeting. 
In this contribution, QoE measurements and reporting are discussed with respect to the RRC INACTIVE and RRC IDLE states, according to the objective defined in the WID [1].
2	Discussion
2.1	QoE report storing in RRC INACTIVE/IDLE states 
In the RAN2#120 meeting, it was decided that RAN2 will discuss where the QoE reports buffered while the UE was in RRC_INACTIVE or RRC_IDLE state could be stored, i.e., in UE AS or UE application layer. Additionally, it was left for further discussions, what should be the minimum memory size requirement. In the contribution R2-2212938 it was discussed that in the case the reports stored in RRC INACTIVE/RRC IDLE states would exceed 64 kB, then both the UE AS and application layers were responsible for storing the reports until the UE re-enters the RRC CONNECTED state. In rel-17, when QoE reports were agreed to be stored during pause of QoE reporting, it was decided to store the reports in UE AS in order not to reveal to the application layer when the network is overloaded. Information related to the UE being in RRC_IDLE or RRC_INACTIVE may not be as sensitive information and the application layer could possibly be used for storing of QoE reports. A minimum size is desired to specify though, to ensure that the UE stores QoE reports at least of the minimum size.
[bookmark: _Toc127956093]For storing of the QoE reports while a UE is in an RRC INACTIVE or RRC IDLE state, a minimum memory requirement is 64 kBytes.

In the case that the UE AS memory becomes full and a UE is still in the RRC_INACTIVE or RRC_IDLE state, the UE may inform the network about this, dependent on the UE implementation. As it was discussed in the RAN2#120, the UE should not move to RRC_CONNECTED state just to forward the QoE reports. A similar principle could be applied for when the UE AS memory is about t become full. That is, a UE should not proactively inform the network about the filled UE AS memory, to avoid UE transitioning to the RRC_CONNECTED state. Instead, the QoE reports could then be stored in the UE application layer.

[bookmark: _Toc127956094]When a UE’s memory is full, the UE does not indicate this to the network. 
[bookmark: _Toc127956095]When the UE memory is full, if the UE does not inform the network about this, the UE may store the buffered QoE reports (while a UE still is in RRC_INACTIVE or RRC_IDLE state) in the UE application layer instead.
2.3	Issues with using LocationFilter for area handling
In RAN2#120, RAN2 sent an LS, [2], to SA4 asking if the LocationFilter inside the QoE configuration file could be used for sending the area configuration to for RRC_IDLE/RRC_INACTIVE the UE. Using the LocationFilter means that the application in the UE would ensure that the UE performs the QoE measurements in the right area. However, this would lead to substantial additional impact compared to letting the UE AS handle the area scope as shown below. 
In RRC_CONNECTED, the network handles the area of the measurements with the help of the session start/stop indications from the UE to ensure that the measurements are not stopped in the middle of the session. In RRC_IDLE/RRC_INACTIVE, the UE needs to handle the area as the network may not be aware of in which cell the UE is located. If the application would handle the area by means of the LocationFilter, it would mean that the application needs to get information about every change of RRC state in the UE, as the application should only handle the area in RRC_IDLE/RRC_INACTIVE and not in RRC_CONNECTED. The application needs the information in order to know when to handle the area and when to not handle the area. This introduces a first issue that an AT-command needs to be introduced containing the RRC state of the UE and the UE AS needs to transmit the AT-command to the application at each change of RRC state, at least when the UE is transferred between RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED.
[bookmark: _Toc127956086]The AS layer would need to inform the application of RRC state changes or at least changes between connected and non-connected state if the LocationFilter is used for area handling.
Currently the LocationFilter only contains polygons and cell list, whereas the QoE area is defined by a cell list, TA list or PLMN. The second issue is that the  LocationFilter would need to be updated to contain also TA and PLMN. 
[bookmark: _Toc127956087]The LocationFilter would need to be updated to include also TA and PLMN if the LocationFilter is used for area handling.

A third problem is that the application may not be aware of the cell, TA or PLMN where the UE is located. The AS layer may have to transmit information about any change of cell, TA or PLMN to the application, probably also by means of a new AT-command. Thia causes additional impact and also some vendors may prefer not to revel the location of the UE to the application.
[bookmark: _Toc127956088]The AS layer would need to inform the application of cell changes if the LocationFilter is used for area handling.
 
A fourth problem is that the LocationFilter is sent to the application transparently to the AS layer and the AS layer may not know that the application has received it. That means that the application may need to inform the AS layer that it will use the LocationFilter and that it needs to subscribe to changes of RRC state and change of cell. This would also require a new AT command.
[bookmark: _Toc127956089]The application may need to inform the UE AS that it needs to subscribe to changes of RRC state and changes of cell, tracking area or PLMN.
 
Another problem is that the QoE configuration is done in the RRC message, and the configuration may contain instructions related to the area handling. The message could e.g., contain instruction related to whether the measurements should stop directly at the area border or continue until session is completed. Any kind of configuration related information concerning the area handling would also need to be transferred to the application.
[bookmark: _Toc127956090]Any type of configuration related to the area handling needs to be sent to the application if the LocationFilter is used for area handling.
 
A sixth problem is that if the area handling would be handled by the application, the handling would need to be implemented by each and every application. If the UE AS would handle the area, it only needs to be implemented in one place. Still, there is anyhow substantial impact to the UE AS even if the application would handle the area, so any benefits for the UE AS is difficult to identify.
[bookmark: _Toc127956091]If the application would handle the area by means of the LocationFilter, every application needs to implement the area handling.
 
The impacts listed above arise due to the fact that the application is not the best place to handle the area. If the UE AS would handle the area, the UE AS has all the information it needs. The UE AS knows the current cell of the UE, it knows the RRC state, it receives the QoE configuration in the RRC message and it knows whether there is a session ongoing or not by means of the session start/stop indication. No additional updates are needed.
[bookmark: _Toc127956092]If the UE AS would handle the area, it has already all the necessary information and all the additional impacts listed above are not needed.
 
RAN2 needs to take the considerations above into account when deciding whether the application layer or the AS layer should handle the area when the UE is in RRC_IDLE/RRC_INACTIVE.  
[bookmark: _Toc127956096]When RAN2 receives a reply from SA4 and discusses the area handling when a UE is in RRC_IDLE or RRC_INACTIVE, the above considerations need to be taken into account.
Conclusion
[bookmark: _In-sequence_SDU_delivery]RAN2 is kindly asked to discuss the following observations and proposals: 
Observation 1	The AS layer would need to inform the application of RRC state changes or at least changes between connected and non-connected state if the LocationFilter is used for area handling.
Observation 2	The LocationFilter would need to be updated to include also TA and PLMN if the LocationFilter is used for area handling.
Observation 3	The AS layer would need to inform the application of cell changes if the LocationFilter is used for area handling.
Observation 4	The application may need to inform the UE AS that it needs to subscribe to changes of RRC state and changes of cell, tracking area or PLMN.
Observation 5	Any type of configuration related to the area handling needs to be sent to the application if the LocationFilter is used for area handling.
Observation 6	If the application would handle the area by means of the LocationFilter, every application needs to implement the area handling.
Observation 7	If the UE AS would handle the area, it has already all the necessary information and all the additional impacts listed above are not needed.

Proposal 1	For storing of the QoE reports while a UE is in an RRC INACTIVE or RRC IDLE state, a minimum memory requirement is 64 kBytes.
Proposal 2	When a UE’s memory is full, the UE does not indicate this to the network.
Proposal 3	When the UE memory is full, if the UE does not inform the network about this, the UE may store the buffered QoE reports (while a UE still is in RRC_INACTIVE or RRC_IDLE state) in the UE application layer instead.
Proposal 4	When RAN2 receives a reply from SA4 and discusses the area handling when a UE is in RRC_IDLE or RRC_INACTIVE, the above considerations need to be taken into account.
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