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1 Introduction
In last meetings, RAN2 made the following agreements for QoE measurement in RRC_IDLE and RRC INACTIVE.
	RAN2#119-e (Aug. 2022)
· QoE measurements in RRC_IDLE INACTIVE


- No need to send LS to SA4 since RAN3 is already sending an LS.

- The gNB can send the QoE configuration for MBS broadcast service to UE by RRC message in RRC_CONNECTED via dedicated signalling. The UE stores the configuration for QoE and performs the application layer measurement for MBS broadcast service.


- The baseline principles for QoE measurement collection for MBS services in RRC_INACTIVE and RRC_IDLE states are:

1)  
The UE is configured with IDLE/INACTIVE QoE via RRC.

2)
The UE buffers the QoE reports generated while in RRC IDLE/INACTIVE state.

- When the UE moves to RRC_CONNECTED state, the UE sends the QoE measurements availability indication to the gNB.
- For buffering of QoE reports generated in RRC IDLE/INACTIVE state, RAN2 should discuss at least the minimal memory size requirement. 

RAN2#120 (Nov. 2022)
· QoE measurements in RRC_IDLE INACTIVE

- Ask SA4 if we can use application layer information for QoE measurements in IDLE/INACTIVE the Rel-18 area scope given that the needed information requires cell knowledge.

- For buffering of QoE reports generated in RRC IDLE/INACTIVE state, RAN2 will make some assumptions on the minimal memory size requirement and the buffering layer. We can indicate these to SA4/SA5 to see if they think those assumptions are realistic.

- Ask SA4/5 on how network would handle reports based on when they were collected, and whether it matters how “old” they are.

- UE can be configured to do QoE measurements for MBS broadcast in all RRC states.

- As a baseline, UE does not tigger RRC Resume – RRC Setup just for the sake of reporting QoE.
RAN2#121 (Feb. 2023)
· QoE measurements in RRC_IDLE INACTIVE

- Rel-18 QoE configuration can be provided to UE as in Rel-17 (RRCreconfiguration, RRCresume). 

- FFS if RRCRelease can be used – proponents should provide detailed proposals on what is in RRCRelease, why it is needed, how to handle RRCReconfiguration + RRCRelease together.
- RAN2 thinks existing paging can be used to bring UE to CONNECTED, where NW can release QoE configuration. This requires no specification changes.

- If UE moves outside of area scope for QoE configuration, UE keeps the QoE configurations and does not start new QoE sessions.

- If the AS layer buffer is full, RAN2 thinks AS layer should discard the QoE data. Can revisit this if SA5 LS reply indicates something that would create issues with this.
- FFS what the minimum AS layer buffer size (at least 64 kBytes, can consider whether larger value is used in UE capability discussions). 

- Same as the RRC_CONNECTED state, when the UE transfer to the IDLE state, the UE AS layer stores QoE configurations (except for QoE container) for MBS broadcast.  FFS what exactly AS layer stores

- Same as the RRC_CONNECTED state, when the UE transfer to the IDLE state, the UE APP layer should store QoE configurations (at least QoE container) for MBS broadcast. FFS what exactly is sent to AL.


Based on these agreements, in this contribution, we discuss on way-forwards to support QoE measurement in RRC_IDLE and RRC_INACTIVE.
2 Discussion
2.1 Additional QoE configuration method
As per the highlighted agreements, RAN2 agreed QoE configuration can be configured when UE is RRC_CONNECTED. Now, we would like to discuss on whether configuration can be done even when UE is in RRC_IDLE and RRC_INACTIVE. In the last meetings, some companies brought this issue, but not discussed due to limited time. This may be beneficial in that QoE configuration can be done at any time NW wants to configure regardless of UE’s RRC state. However, to implement this, a new signaling procedure which is quite different from Rel-17 QoE configuration may be needed.
Proposal 1. Discuss on whether QoE configuration for MBS broadcast can be done even when UE is in RRC_IDLE and RRC_INACTIVE.
Besides, as seen in highlighted agreement, it is FFS whether RRCRelease message can be used for QoE configuration. RAN3 agreed QoE configuration for MBS broadcast service is common for all RRC states including RRC_CONNECTED. Thus, we do not see the necessity to include QoE configuration in RRCRelease.
	RAN3#117-e (Aug. 2022)
- If the UE receives the configuration in RRC connected state, a common QoE configuration mechanism is used to support QoE measurement configuration pertaining to MBS broadcast service for all RRC states, where the Rel-17 QoE configuration mechanism is adopted as baseline. 

RAN3#118 (Nov. 2022)
- Use the same set of parameters in QMC configuration for all RRC states.


Besides, when CN or OAM activates QoE measurement first, all QoE configuration is already determined. It means gNB can provide all QoE configuration information (including configuration used in RRC_IDLE or RRC_INACTIVE) via RRCReconfiguration or RRCResume. Therefore, QoE measurement for MBS broadcast can work without enabling QoE configuration via RRCRelease
Proposal 2. RRCRelease is not used to provide QoE configuration.
2.2 QoE reporting procedure
According to the highlighted agreement, RAN2 agreed to introduce an availability indicator before sending QoE measurement report stored in RRC_IDLE and RRC_INACTIVE. When transiting to RRC_CONNECTED with a new gNB, UE can send an availability indicator to inform the gNB that UE stores QoE measurement report. In our understanding, QoE report should be under control of gNB. In other words, after receiving the availability indicator from UE, gNB should determine whether to retrieve the QoE reports stored in UE. If gNB wants to retrieve the QoE reports, it needs to send retrieval request to UE. This allows UE to report stored QoE data to gNB in the end.

Proposal 3. After receiving availability indication from UE, gNB can send retrieval request to UE as response.

Based Proposal 2, when UE is configured with QoE configuration for RRC_IDLE and RRC_INACTVE, QoE report measured/stored in RRC_IDLE and RRC_INACTIVE can be reported after UE sends availability indication and receives retrieval request from gNB. By the way, according to RAN3 agreements above, a common QoE configuration for MBS broadcast service applies to all RRC states. It means the same QoE configuration is used to QoE measurement also in RRC_CONNECTED. When UE performs QoE measurement and generates QoE reports during RRC_CONNECTED, UE does not have to rely on procedure of availability indication and retrieval request. UE itself can start QoE reporting as in Rel-17.  

Proposal 4. When UE is configured with a common QoE configuration pertaining to MBS broadcast service for all RRC states, 
- QoE reports measured in RRC_IDLE and RRC_INACTIVE are reported after UE sends availability indicator and receives retrieval request.
- QoE reports measured in RRC_CONNECTED can be reported immediately (as in Rel-17, without availability indicator and retrieval request). 
2.3 Memory issue
In the last meetings, RAN2 discussed buffering of QoE reports in RRC_IDLE and RRC_INACTIVE and made the highlighted agreements. There are two options to store buffered QoE reports. Firstly, when UE APP layer creates QoE reports while in UE is in RRC_IDLE or RRC_INACTIVE, UE APP layer can buffer it rather than forwarding it to AS layer. Alternatively, the QoE report be forwarded to AS layer, and AS layer can store it. In our understanding, if APP layer is responsible for storing QoE reports, whenever sending availability indicator to gNB, UE AS needs to ask APP whether there is buffered data or not. Then, APP layer also needs to reply. This incurs signalling between AS and APP. In addition, if retrieval request is introduced, corresponding signalling between AS and APP is also needed to retrieve stored QoE data in APP layer. Therefore, it is efficient in terms of signalling overhead aspect that AS layer is responsible for storing QoE reports generated in RRC_IDLE and RRC_INACTIVE.

Proposal 5.  AS layer is responsible to store QoE report measured in RRC_IDLE and RRC_INACTIVE.

SA5 sent reply LS (i.e., S5-232760) with their view on UE behaviour when storage for QoE report is full:
	S5-232760
SA5 thanks RAN2 for the LS in R2-2213054 on QoE measurements in RRC IDLE/INACTIVE states. 

SA5 has the following responses to RAN2's questions:

Question 3: Is there a time after which the QoE reports collected by the UE are no longer useful for the OAM?

SA5: There is no time limit after which the QoE reports are no longer useful for the consumer, e.g. OAM, assurance or analytics functions. When a consumer has enough data, the QoE session shall be completed.

Question 4: In case of limited storage space for QoE reports at the UE, is there any preference from the OAM side on which QoE reports should be reported and which should be discarded, e.g. is there a principle that newer or older reports are more useful for the network?

SA5: From SA5’s point of view, some selection policies from consumers could be possible, but there are no use cases for it yet.But as a consistent behavior is wanted from all UEs, a default behavior should be to prioritize new data.


Taking SA5’s view into account, it is proposed that AS layer discards from the oldest data to accommodate new data from APP layer, when AS layer buffer is full.

Proposal 6. AS layer discards from the oldest data to accommodate new data from APP layer, when AS layer buffer is full.

2.3 Area scope

As response for LS from RAN2 (i.e., R2-2213054), reply LS (i.e., S4-230369) from SA4 has arrived.
	S4-230369
SA4 thanks RAN2 for its liaison on the QoE measurements in RRC IDLE/INACTIVE states. 

Regarding the questions 1-4, SA4 would like to provide following replies below:

Question 1: Can information about the applicable area scope of a QoE configuration be provided to the application layer in the UE as part of the QoE configuration container? If it can, how is this information defined at the application layer, e.g. does it indicate applicable tracking area, applicable cells etc.?

SA4 reply: For QMC of 3GP-DASH Streaming, VR Streaming and MTSI, the area scope of a QoE configuration can be provided within the QoE configuration container and it can be indicated via the Location Filter, which can be a list of cell IDs and/or a geographic area expressed with one or more instances of polygonList and/or circularAreaList. Tracking area is not supported.
Question 2: Can the application layer know the UE location on the proper level (e.g. tracking area, cell) and use this information to decide whether to start QoE measurements when triggering conditions are met?
SA4 reply: The application layer can know the UE’s location on a proper level (e.g. cell ID, geographical coordinates). The QoE configuration is then evaluated by the client at the start of a QoE measurement and reporting session (“QoE session”) associated with a streaming session. This includes evaluation of any filtering criteria such as by geographical area or cell ID. When the trigger conditions are met, e.g. the UE is in the target area at the start of the session, the QoE session is started for QoE measurement and reporting.

As a reminder, SA4 specifications assume that LocationFilter can only be included in the QoE configuration container, if geographical filtering is not handled on the network side, i.e. to avoid otherwise redundant location filtering at network and UE sides, as mentioned in TS 26.247 and TS 26.114. As for AS layer filtering, SA4 assumes that the area scope filtering will not be based on GNSS locations and polygon/circular shapes, but rather on radio network parameters like Cell Id or Tracking Area. 


SA4 thinks LocationFilter can be used for QoE configuration for RRC_INACTIVE and RRC_IDLE. However, they do not have strong preference on AS layer filtering, which is actually RAN2 scope. Taking SA4’s view into account, we propose to reuse LocationFilter as baseline. Meanwhile, there are two options for AS layer area scope. In Option 1, AS area scope is not defined, and thus LocationFilter should be mandatory for QoE configuration for RRC_INACTIVE and RRC_IDLE. Alternatively (i.e., Option 2), AS area scope is used if LocationFilter is absent. It means, UE APP performs QoE measurement anywhere, but UE AS discards QoE reports from UE APP, which was measured outside AS area scope.
Proposal 7. LocationFilter can be used as area scope for QoE configuration for RRC_INACTIVE and RRC_IDLE.

Proposal 8. Discuss whether to define AS area scope:

- Option 1. AS area scope is not defined. LocationFilter is mandatory for QoE configuration for RRC_INACTIVE and RRC_IDLE.
- Option 2. AS area scope can be used if LocationFilter is absent. (i.e., UE APP performs QoE measurement anywhere, but UE AS discards QoE reports from UE APP, which was measured outside AS area scope)
Area scope (i.e., LocationFilter or AS area scope) we have discussed so far is used for UE to check whether to perform QoE measurement. Inside the area scope, UE performs QoE measurement and stores QoE report correspondingly. Outside the area scope, UE does not perform QoE measurement or does not store QoE report. Here, we wonder if UE also needs to check the area scope when UE performs QoE reporting. In our understanding, UE can send QoE report or availability indicator outside (regardless) of the area scope. We would like to clarify it.

Proposal 9. UE can send QoE report or availability indicator outside (or regardless) of the area scope (i.e., LocationFilter or AS area scope)
2.4 QoE measurement per MBS session
There can be multiple MBS broadcast sessions (or services) the cell provides. Each MBS session provides different service content (e.g., public safety and mission critical, V2X applications, IPTV, live video, radio, or text information). If QoE measurement is supported for MBS broadcast, it is natural to configure different QoE configuration for each MBS broadcast session, because each MBS broadcast session provides different service with different service requirement. What/how to measure for QoE of each MBS broadcast session can be different. In addition, OAM may want to configure QoE measurement for some MBS broadcast sessions (e.g., with high service requirement, or with many served UEs), while not for other MBS broadcast (with low service requirement, or with little served UEs). Therefore, we propose to support QoE measurement per MBS broadcast session.
Proposal 10. Support QoE measurement per MBS broadcast session.

2.5 Signalling-based Override Protection

2.5.1 Signalling-based MDT Override Protection

As background, MDT is classified as signalling-based and Management-based MDT. From TS32.422, the definition is as follows:

Signalling-based MDT

MDT data is collected from one specific UE. The UE that is participating in the MDT data collection is specified as IMEI(SV) or as IMSI. The signalling based MDT is an enhancement of the signalling based subscriber and equipment trace. A signalling based MDT can be either a logged MDT or Immediate MDT.
Management-based MDT

MDT data is collected from UEs in a specified area. The area is defined as a list of cells (UTRAN or E-UTRAN) or as a list of tracking/routing/location areas. The management based MDT is an enhancement of the management based trace functionality. Management based MDT can be either a logged MDT or Immediate MDT.

Since the signalling-based MDT is configured to a specific UE by OAM, the signalling-based MDT is usually prioritized over the management-based MDT. Sine UE can keep just a single MDT configuration, it has to be avoided for the network to reconfigure the managment-based MDT for UE already configured by the signalling-based MDT.
There is no issue for the connected UE because gNB has already identified if the UE has been configured by the signalling-based MDT, i.e. the network can control. However, for Logged MDT, a new serving gNB cannot identify it and may reconfigure a new MDT configuration. It means to override the signalling-based MDT. Thus, in Rel-17, a simple solution was introduced that the UE informs the new serving gNB of whether to store the signalling-based MDT (see sigLogMeasConfigAvailable-r17).

Observations 1: Since signalling-based MDT is prioritized over management-based MDT, a simple solution has been introduced in Rel-17, in order to prevent the network overriding ongoing signaling-based MDT by configuring management-based MDT.
2.5.2 Signalling-based QoE Override Protection

Both signalling-based and management-based QoE measurement collection are also supported. As we see the descriptions on the signalling-based and the management-based QoE from TS38.300 (see below), the fundamental concept is same as MDT.

For signalling-based QoE measurements, the OAM initiates the QoE measurement activation for a specific UE via the 5GC, and the gNB receives one or more QoE measurement configurations by means of UE-associated signalling. The QoE measurement configuration for signalling-based activation includes an application layer measurement configuration list and the corresponding information for QoE measurement collection, e.g., QoE reference, service type, MCE IP address, slice scope, area scope, MDT alignment information and the indication of available RAN visible QoE metrics.

For management-based QoE measurement activation, the OAM sends one or more QoE measurement configurations directly to the gNB. The QoE measurement configuration for management-based activation also includes an application layer measurement configuration list and the corresponding information for QoE measurement collection. The gNB selects UE(s) that meet the required QoE measurement capability, area scope and slice scope.

Similar to MDT, since the signalling-based QoE is configured to a specific UE by OAM, the signalling-based QoE should be prioritized over the management-based QoE. In Rel-17, QoE is supported for the connected UEs only, and the network can control so that the signalling-based QoE can be prioritized. However, in Rel-18, the QoE operation in idle/inactive mode has to be also supported for specific service type, e.g. MBS. It means the new serving gNB may not identify if a UE reselecting the serving gNB has kept the signalling-based QoE, and the gNB may override the signalling-based QoE configuration.  

Observations 2: The signalling-based QoE should be prioritized over the management-based QoE, because the signalling-based QoE is configured to a specific UE by OAM.

Observations 3: For idle/inactive mode QoE, the signalling-based QoE may be overrided by the managmeent-based QoE. 
In fact, in Rel-17, RAN3 already noticed this issue:
	RAN3#112-e 
 Management based QoE should not override an existing signaling based QoE configuration.


From the observations and agreement from RAN3, RAN2 also needs to discuss and clarify this overriding issue. RAN2 may consider a similar option as in MDT, or other alternative, e.g. to allow multiple idle/inactive mode QoE configurations.
Proposal 11: RAN2 discusses the signalling-based QoE override protection, and makes a way-forward.
3 Conclusion
Based on the above, RAN2 is requested to discuss on the following proposals:
Proposal 1. Discuss on whether QoE configuration for MBS broadcast can be done even when UE is in RRC_IDLE and RRC_INACTIVE.
Proposal 2. RRCRelease is not used to provide QoE configuration.
Proposal 3. After receiving availability indication from UE, gNB can send retrieval request to UE as response.
Proposal 4. When UE is configured with a common QoE configuration pertaining to MBS broadcast service for all RRC states, 
- QoE reports measured in RRC_IDLE and RRC_INACTIVE are reported after UE sends availability indicator and receives retrieval request.
- QoE reports measured in RRC_CONNECTED can be reported immediately (as in Rel-17, without availability indicator and retrieval request). 
Proposal 5.  AS layer is responsible to store QoE report measured in RRC_IDLE and RRC_INACTIVE.

Proposal 6. AS layer discards from the oldest data to accommodate new data from APP layer, when AS layer buffer is full.

Proposal 7. LocationFilter can be used as area scope for QoE configuration for RRC_INACTIVE and RRC_IDLE.

Proposal 8. Discuss whether to define AS area scope:

- Option 1. AS area scope is not defined. LocationFilter is mandatory for QoE configuration for RRC_INACTIVE and RRC_IDLE.
- Option 2. AS area scope can be used if LocationFilter is absent. (i.e., UE APP performs QoE measurement anywhere, but UE AS discards QoE reports from UE APP, which was measured outside AS area scope)
Proposal 9. UE can send QoE report or availability indicator outside (or regardless) of the area scope (i.e., LocationFilter or AS area scope)
Proposal 10. Support QoE measurement per MBS broadcast session.

Proposal 11: RAN2 discusses the signalling-based QoE override protection, and makes a way-forward.
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