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Introduction
In this paper we discuss the aspects related to QOE and RVQoE measurement support for application sessions carried by the MBS communication service.

Discussion

The following issues are discussed:
· Indication of RRC state information in QoE reports.
· MBS-specific QoE configuration and reporting parameters.
· Storing the QoE measurement configuration while the UE is in RRC_IDLE state.
· Area Scope handling while the UE is in RRC_IDLE state.

Indication of RRC state information in MBS QoE reports
RAN3#118 meeting notes capture the following point for further discussion:
Whether the UE needs to indicate the RRC state in the QoE report will be discussed in next RAN3 meeting
In the context of services deployed over MBB, e.g., DASH, owing to the buffered nature of the application, the user session can proceed when the UE is in different RRC states. For example, when the buffer level is considerably high, the application may not fetch new video segments until the buffer is consumed below a lower threshold. During the period when the buffered data is consumed, depending on network implementation (e.g., inactivity timers), the UE may be sent to INACTIVE or IDLE state during the application session. 
In our understanding, indication of RRC state in QoE reports enables a better understanding of measurement results. The reason is that the traffic intensity, radio resource management, link adaptation, and, consequently, the QoE/RVQoE measurements results will likely be significantly different across different RRC states. Here are two examples of RRC state impact on QoE:
· When the UE is in one of the low-activity RRC states (IDLE or INACTIVE), UE specific radio link adaptation protocols are not activated. 
· The MBS transmissions in CONNECTED state can use HARQ feedback and can use both PTP and PTM transmission modes, while this is not possible in IDLE/INACTIVE states. 
The above implies that the RRC state of the UE performing QoE measurements impacts the measurement results.
Observation 1: The RRC state of the UE performing QoE measurements impacts the measurement results.
Consequently, an indication of RRC state in which the measurements were collected helps for the recipient of QoE/RVQoE reports to better understand the measurement results. In principle, the motivation behind the proposal is identical to the motivation for introducing the alignment between QoE and MDT measurements – provision of additional information, to provide better understanding of measurement results.
Furthermore, given that the UE may have undergone RRC state transition in-between two QoE report transmissions, it seems necessary to ensure that the RRC state indication refers to the time instant when a measurement result was generated, rather than the time when the report is sent to the network. 
Proposal 1: A UE can provide RRC state indications in QoE reports pertaining to MBS. The RRC state indication refers to the instant when the measurement result was generated.
Finally, even though the RVQoE reports stored in INACTIVE/IDLE state are not useful for real-time RAN optimization, they can be used by the AI/ML entity in the RAN. Once the UE returns to CONNECTED, it may transmit a burst of RVQoE reports to the RAN. Note that the RAN does not know the RRC state of the UE at any given moment, so the RRC state indication pertaining to the time when a measurement should be considered for inclusion in RVQoE reports.
Proposal 2: Discuss whether RRC state indication should be provided in the RVQoE reports pertaining to MBS. 

MBS-specific QoE configuration and reporting parameters
The following TBC was captured in RAN3#117-bis-e meeting notes:
FFS on whether parameters, e.g. MBS session ID, MBS service area, etc. need to be included in MBS QoE configuration over NGAP.
With respect to the MBS session ID, RAN3 sent an LS to SA4 from the RAN3#118 meeting, asking whether the UE application layer is aware of the MBS session ID. RAN3 is still awaiting reply.
Moreover, the RAN3#118 meeting notes state the following WA:
WA: MBS service area can be expressed by QoE area scope IE, FFS on whether any enhancements of this IE are needed.
An MBS service area corresponds to the geographical area in which an MBS service is available. The MBS service area can be expressed either as a list of cells and/or a list of TAIs (both lists can be simultaneously present in the corresponding MBS Service Area Information IE). In our understanding the Area Scope IE cannot be used to mimic an MBS service area for several reasons:
· In the existing Area Scope IE, the cell list and TAI list cannot be present at the same time, while, in the MBS Service Area Information IE, they can be present simultaneously.
· The MBS service area may contain up to 8192 cells and/or 1024 TAIs, while the Area Scope can contain either up to 32 cells or up to 8 TAIs.
· There is no guarantee that the MBS service area and the QoE area scope will have complete or partial overlap, and, from QoE data collection perspective, it may still be a valid use-case to collect measurements when a UE leaves an MBS service area (and starts receiving data via unicast) but remains within the QoE area scope.
Observation 2: The Area Scope IE cannot mimic an MBS service area.
Based on the above, we propose that the RAN3#118 WA about mimicking the MBS service area by means of Area Scope is reverted and that the existing MBS Service Area Information IE is included in the UE Application Layer Measurement Configuration Information XnAP and NGAP IEs.
Proposal 3: Revert the RAN3#118 WA stating that MBS service area can be expressed by QoE area scope IE.
Proposal 4: Include the existing MBS Service Area Information IE in the UE Application Layer Measurement Configuration Information XnAP and NGAP IEs.
In addition to the above, the following MBS-specific features also have an impact on QoE and RVQoE results and should be considered for QoE measurement configuration and reporting:
· The MBS mode used: broadcast, unicast or multicast.
· Whether Point-to-Point and/or Point-to-Multipoint transmissions were used.
Proposal 5: A UE can be configured to perform QoE and/or RVQoE measurements:
· For specific MBS modes, e.g., Broadcast.
· For Point-to-Point and/or Point-to-Multipoint transmissions.
Proposal 6: A UE can include in the QoE and/or RVQoE reports indications of:
· Whether Broadcast or Unicast was used during the session.
· Whether Point-to-Point and/or Point-to-Multipoint transmissions was used.
Similar to the RRC state, the MBS mode may change in-between two RVQoE report transmissions. Given that the RVQoE report may contain buffer level list, the MBS mode indication should be included in an RVQoE report with the same frequency as the buffer level values, so that the two can be correlated.
Proposal 7: For each buffer level value included in an RVQoE report, an indication of MBS mode used when the value was collected can be included in an RVQoE report.

Storing the QoE measurement configuration while the UE is in RRC_IDLE state
At the RAN3#117-e meeting, the following was agreed:
UE shall keep the QoE configuration for MBS broadcast service configured in RRC_CONNECTED even when UE switches to RRC_IDLE and RRC_INACTIVE.
The discussion continued during RAN3#117-bis-e, and the following was captured in meeting notes:
Whether UE or CN stores the network instance of QoE configuration when UE in the RRC_IDLE state needs further discussion. To be continued...
RAN3 continues to discuss how to handle the QoE reports sent at new gNB when UE was in RRC_IDLE. FFS on whether CN-based solution or UE-based solution.
· Option 1 (CN-based solution): Old gNB stores the entire network instance QoE configuration at AMF before going to RRC_IDLE and new gNB retrieves the stored QoE configuration from AMF during reconnection.
· Option 2 (UE-based solution): New gNB doesn’t need to know the QoE configuration of old gNB upon reconnection. It is sufficient if new gNB is informed by UE via QoE report. 
FFS whether RAN add QoE reference as an explicit IE in QoE report from gNB to MCE.
Finally, the related TBCs from the RAN3#118 meeting are the following:
· How the MBS broadcast QoE measurements can proceed after the UE switches from RRC_IDLE to RRC_CONNECTED?
· Whether/how to handle the potential overriding issue for MBS broadcast QoE configurations after UE switches from RRC_IDLE to RRC_CONNECTED.
· After UE switches from RRC_IDLE to RRC_CONNECTED, how does network retrieve the configured MBS broadcast QoE configuration related information.
In the UE-based solution, only the UE’s instance of the configuration will “survive” the RRC_IDLE state, while the RAN’s instance will be deleted. As explained in previous discussions, the content of the UE’s instance and the content of the RAN’s instance of QoE/RVQoE measurement configuration are not identical. Hence, RAN3 should discuss which parameters from the RAN’s instance of QoE/RVQoE measurement configuration for MBS should be stored while the UE is in RRC_IDLE state.
Proposal 8: Discuss which parameters from the RAN’s instance of QoE/RVQoE measurement configuration for MBS should be stored while the UE is in RRC_IDLE state.
During the RAN3#117-bis-e meeting, we expressed a preference for the CN-based solution, and we indicated several concerns with respect to the UE-based solution. In our view, there may exist security issues with storing the network’s instance of QoE/RVQoE measurement configuration at the UE, especially at the UE’s application layer. Therefore, in case RAN3 adopts the UE-based solution, the following is required:
· That the network instance of QoE/RVQoE measurement configuration is stored at the UE AS layer.
· That the network instance of QoE/RVQoE measurement configuration is stored as an OCTET STRING.
Proposal 9: When the UE is in RRC_IDLE state, the network instance of QoE/RVQoE measurement configuration for MBS is stored as an OCTET STRING.
Proposal 10: In case RAN3 adopts the UE-based solution for storing the network instance of QoE/RVQoE measurement configuration for MBS, when the UE is in RRC_IDLE state, the configuration is stored in the UE Access Stratum as an OCTET STRING.

Area Scope handling while the UE is in RRC_IDLE state
The following RAN3#117-e agreements are related to Area Scope checking while the UE is in RRC_INACTIVE or RRC_IDLE state:
UE handles Area Scope checking for QoE measurements in RRC INACTIVE/IDLE mode. 
Whether UE AS layer or UE APP layer handle the Area Scope is to be discussed based on RAN2 progress.
We notice that, even though RAN3 agreements explicitly refer to Area Scope, RAN2 is discussing whether the LocationFilter can be used to mimic the Area Scope, and has even liaised 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. 
Nevertheless, regardless of the outcome of the above RAN2 discussion, there is an additional issue to be addressed. A UE in RRC_INACTIVE or RRC_IDLE state may leave the Area Scope during the session. For the RRC_CONNECTED state, in Rel-17 it was agreed that the network decides whether to stop the measurements. Considering the above agreement, the compliance with the principle that the network decides how to handle the UE exiting the Area Scope can be ensured by enabling the RAN node to send to the UE (e.g., together with the Area Scope) an indication of whether to stop or continue ongoing measurements in RRC_INACTIVE or RRC_IDLE, should the UE leave the Area Scope.
Proposal 11: The RAN node can send to the UE an indication of whether the UE should stop or continue ongoing QoE/RVQoE measurements, should the UE leave the Area Scope while in RRC_IDLE and RRC_INACTIVE states.

Conclusion
This paper discusses QoE/RVQoE measurement support for MBS. The following is observed and proposed:
Observation 1: The RRC state of the UE performing QoE measurements impacts the measurement results.
Proposal 1: A UE can provide RRC state indications in QoE reports pertaining to MBS. The RRC state indication refers to the instant when the measurement result was generated.
Proposal 2: Discuss whether RRC state indication should be provided in the RVQoE reports pertaining to MBS. 
Observation 2: The Area Scope IE cannot mimic an MBS service area.
Proposal 3: Revert the RAN3#118 WA stating that MBS service area can be expressed by QoE area scope IE.
Proposal 4: Include the existing MBS Service Area Information IE in the UE Application Layer Measurement Configuration Information XnAP and NGAP IEs.
Proposal 5: A UE can be configured to perform QoE and/or RVQoE measurements:
· For specific MBS modes, e.g., Broadcast.
· For Point-to-Point and/or Point-to-Multipoint transmissions.
Proposal 6: A UE can include in the QoE and/or RVQoE reports indications of:
· Whether Broadcast or Unicast was used during the session.
· Whether Point-to-Point and/or Point-to-Multipoint transmissions was used.
Proposal 7: For each buffer level value included in an RVQoE report, an indication of MBS mode used when the value was collected can be included in an RVQoE report.
Proposal 8: Discuss which parameters from the RAN’s instance of QoE/RVQoE measurement configuration for MBS should be stored while the UE is in RRC_IDLE state.
Proposal 9: When the UE is in RRC_IDLE state, the network instance of QoE/RVQoE measurement configuration for MBS is stored as an OCTET STRING.
Proposal 10: In case RAN3 adopts the UE-based solution for storing the network instance of QoE/RVQoE measurement configuration for MBS, when the UE is in RRC_IDLE state, the configuration is stored in the UE Access Stratum as an OCTET STRING.
Proposal 11: The RAN node can send to the UE an indication of whether the UE should stop or continue ongoing QoE/RVQoE measurements, should the UE leave the Area Scope while in RRC_IDLE and RRC_INACTIVE states.
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