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In the WID [1], one of the objectives is to specify a support for QoE measurements in RRC_IDLE and RRC_INACTIVE states for MBS Broadcast services. Both RAN2 and RAN3 made a number of agreements on this topic during the previous WG meetings, as summarized in the Annex.
Based on RAN2 and RAN3 progress made in previous meetings, in the subsequent sections, we provide our views on the issues related to QoE collection for MBS broadcast that remain to be solved in RAN2. It should be noted there are also some further issues still under discussion in RAN3 and SA4/SA5 which will likely impact RAN2 specifications, e.g. area scope handling, whether MBS is treated as a QoE service type or not, whether to distinguish when the service is provided over MBS and when over unicast, whether the QoE configuration details are stored at the UE or at the network etc. These aspects are skipped in this paper, but they will require discussions in RAN2 in future, once other working groups make sufficient progress.

Observation 1: There are multiple issues still under discussion in RAN3 and SA4/SA5 which will likely impact RAN2 specifications and will have to be discussed by RAN2 in future, e.g. area scope handling, whether MBS is treated as a QoE service type or not, whether to distinguish when the service is provided over MBS and when over unicast, whether the QoE configuration details are stored at the UE or at the network etc.
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Selection of UEs for MBS QoE configuration
RAN2 has captured the following FFS during the previous meeting:
	FFS how does gNB determine which UEs can be configured with MBS QoE measurements



When the UE is in RRC_CONNECTED state, the network will know the UE capability to perform QoE for MBS broadcast. The issue is how to know whether the UE is interested in receiving a specific MBS broadcast session/service. In R17 MBS, the UE in RRC_CONNECTED state sends the MBS interest indication to inform the network it is receiving or interested to receive a particular MBS broadcast sessions/service(s). However, according to the procedure text of MBS interest indication in TS 38.331, the UE reports the MBS interest indication only if the MBS session is ongoing or about to start. The UE will not report the MBS interest indication to inform the gNB that the UE will (or is likely to) receive an MBS session in the RRC_IDLE/INACTIVE in the future. In consequence, the network is not able to know which of the QoE configurations it should provide to the UE. The network can use blind configuration, i.e. the network may configure all MBS broadcast QoE configurations received from the OAM to all MBS broadcast QoE capable UEs which move to RRC_CONNECTED state, but this means most of these configurations will never be used by the UEs. Also, the network does not really know how many of the configured UEs will actually perform the QoE measurements for a specific MBS session. Alternatively, the network could wait for the MBS session to start and when a UE receiving such session moves to RRC_CONNECTED state, it could be configured with proper QoE configuration. However, most of the UEs receiving MBS broadcast session will remain in RRC_IDLE/INACTIVE as much as possible and will only connect to the network due to other reasons. This means that the network may have very limited opportunities to configure QoE measurements for an already ongoing MBS session and applying QoE measurements from the beginning of the session would also be very hard.
Observation 2: Forcing the gNB to utilize blind configuration of MBS broadcast QoE to all MBS capable UEs is sub-optimal for both the UE and the network in terms of signaling overhead, memory/storage requirements, predictability of receiving QoE measurements etc.
One way to address this issue would be to allow sending QoE configurations to the UEs that are in RRC_IDLE/INACTIVE state, but this approach presents many drawbacks and has been already excluded by RAN2. On the other hand, without any change, the network is forced to utilize blind configuration which is also very sub-optimal for both the UE and the network, as mentioned above. Therefore, we think RAN2 should investigate other possibilities to optimize the selection of the UEs for MBS broadcast configurations, e.g.:
1. Lift the limitation in the MBS Interest Indication procedure that the UE reports only the MBS broadcast sessions, which are ongoing or “about to start”. E.g. based on knowing the MBS broadcast QoE capability of the UE, the network may request the UE to include in MII all the MBS broadcast sessions that upper layers configured it to receive (e.g. via USD), even if they are supposed to start at a later time, e.g. in an hour etc.
2. Allow the network to indicate to the UE the IDs of MBS broadcast sessions for which it is interested in receiving QoE measurements (i.e. the ones for which OAM provided QoE configurations). Based on such indication, the UE could inform the network in case it is configured to receive this MBS session or when it is about to start receiving this session, so that the network may configure the UE with proper QoE configuration.

Proposal 1: RAN2 should investigate the means for the gNB to identify which UEs should be provided with MBS broadcast QoE configuration for a specific MBS session via, e.g.: 
1. Allowing the network to indicate to the UE the IDs of MBS broadcast sessions for which it is interested in receiving QoE measurements.
2. The UE indicating to the network when the UE is configured with or receiving/starting to receive the indicated MBS sessions.
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As mentioned earlier, we assume that the UE receives QoE configuration for MBS broadcast while in RRC_CONNECTED state, and subsequently:
1. When the UE is in RRC_CONNECTED state and initiates an MBS broadcast service, the UE starts QoE measurements and sends the reports to the network as soon as they are received from the application layer in the same way as in Rel-17 QoE mechanism.
2. When the UE goes into RRC_IDLE/INACTIVE and only then initiates an MBS broadcast service, the UE starts QoE measurements for a stored QoE configuration and sends the reports when the UE goes back to RRC_CONNECTED state.

For RRC_IDLE state it has been already agreed that the UE should store the QoE reports and indicate to the network it has some reports to send when the UE transitions into RRC_CONNECTED state. There were some proposals from companies submitted previously indicating that the UE may include some additional information, e.g. the size of the stored QoE data. However, we find such optimizations not useful considering the fact that the memory size for stroing QoE reports will be very limited (several hundreds of kilobytes most likely) and that the UE may send BSR to report the buffered data size. Therefore, we propose to clarify the following:
Proposal 2: Only 1-bit indication is used by the UE to inform the network about stored QoE reports when the UE setups or resumes the RRC connection, i.e. no additional information is included in the indication (e.g. QoE data size).

It was also agreed that: “As a baseline, UE does not trigger RRC Resume – RRC Setup just for the sake of reporting QoE. FFS whether there are cases where we deviate from this baseline.”
Currently, the UE initiates RRC connection setup or resume procedure only for specific purposes determined by the establishment/resume cause. The triggering conditions include service initiation, e.g. emergency, mo-Data, or the need to perform some network procedures, e.g. RNA update. In general, currently the triggering conditions for RRC state change are about services in higher layers or special reasons like RNA update and we think these conditions are critical. For the above FFS, if the UE has stored QoE measurements for MBS broadcast services in RRC_Idle/Inactive state, we think the UE should not initiate state transitions to connected state, the reasons are as below:
(1) If this is allowed, it will lead to frequent state transitions, which will bring impacts to signalling overhead and extra UE power consumption.
(2) QoE measurement reports are gathered by the OAM system and are not utilized in real-time mode, so there is no need to have them reported as soon as they are available. 
(3) MBS broadcast service performance may be impacted if the UE has to transition to RRC_CONNECTED state frequently, firstly due to service reception interruption during RRC connection setup/resume procedure and secondly because the network is not immediately aware of the UE receiving MBS broadcast and might schedule unicast data at the same time when MBS data is sent. An unnecessary impact on the MBS broadcast performance due to QoE should definitely be avoided.
(4) If triggering due to QoE was to be specified, it would require RAN2 to address many additional issues in order to control such triggering, e.g. thresholds, timer etc. and all of this introduces unnecessary complexity.
Observation 3: Resuming/setting up an RRC connection just for the sake of reporting QoE brings no benefits while it causes MBS broadcast service performance deterioration, increases signaling overhead, impacts UE battery life and brings additional complexity. 
Proposal 3: The UE does not setup/resume RRC connection just for QoE reporting, i.e. the QoE reports are sent to the network when the UE moves to RRC_CONNECTED state due to other reasons.
Buffering of QoE reports
The issues related to the memory size required for storing QoE reports collected in RRC ILDE/INACTIVE states are discussed in our UE capabilities paper in [2]. However, one remaining issue that needs to be discussed is the support of the assistance information which can be used by the UE to decide which reports to discard in case the memory becomes full. RAN2 has also made the following agreement during the previous meeting:
	· 4: As a default behavior, when the UE’s buffer for storing QoE reports is full and a new report arrives, the UE should discard older report(s) to make room for the new one.
· 5: FFS whether it is possible to provide information (e.g. priority, service type, etc.) to UE about buffering for the UE to decide which reports to discard in case the UE’s QoE buffer becomes full. 




In general, companies agreed that selection policies or priorities for the UE to decide which reports to discard in case the UE’s QoE buffer becomes full would be useful. However, it was unclear how such priorities or policies would be defined and it was eventually decided to postpone the decision. It should be noted that a related topic was discussed by RAN3 in the last meeting and it was decided to request some clarifications on this aspect from SA5, see the LS in [3]. We propose that RAN2 agrees about the usefulness of this mechanism, but only discusses the details once the reply from SA5 is received and RAN3 clarifies the contents of the intended assistance information provided from OAM to RAN.
Proposal 4: RAN2 agrees that assistance information for the UE to decide which reports to discard in case the UE’s QoE buffer becomes full is useful. RAN2 should wait for RAN3 conclusion on the contents of assistance information provided from OAM to RAN before working on the details.

Conclusion
Based on the discussion in this paper, the following observations and proposals are made:
Observation 1: There are multiple issues still under discussion in RAN3 and SA4/SA5 which will likely impact RAN2 specifications and will have to be discussed by RAN2 in future, e.g. area scope handling, whether MBS is treated as a QoE service type or not, whether to distinguish when the service is provided over MBS and when over unicast, whether the QoE configuration details are stored at the UE or at the network etc.

Selection of UEs for MBS QoE configuration
Observation 2: Forcing the gNB to utilize blind configuration of MBS broadcast QoE to all MBS capable UEs is sub-optimal for both the UE and the network in terms of signaling overhead, memory/storage requirements, predictability of receiving QoE measurements etc.
Proposal 1: RAN2 should investigate the means for the gNB to identify which UEs should be provided with MBS broadcast QoE configuration for a specific MBS session via, e.g.: 
1. Allowing the network to indicate to the UE the IDs of MBS broadcast sessions for which it is interested in receiving QoE measurements.
2. The UE indicating to the network when the UE is configured with or receiving/starting to receive the indicated MBS sessions.

QoE reporting procedure
Observation 3: Resuming/setting up an RRC connection just for the sake of reporting QoE brings no benefits while it causes MBS broadcast service performance deterioration, increases signaling overhead, impacts UE battery life and brings additional complexity. 
Proposal 2: Only 1-bit indication is used by the UE to inform the network about stored QoE reports when the UE setups or resumes the RRC connection, i.e. no additional information is included in the indication (e.g. QoE data size).
Proposal 3: The UE does not setup/resume RRC connection just for QoE reporting, i.e. the QoE reports are sent to the network when the UE moves to RRC_CONNECTED state due to other reasons.

Buffering of QoE reports
Proposal 4: RAN2 agrees that assistance information for the UE to decide which reports to discard in case the UE’s QoE buffer becomes full is useful. RAN2 should wait for RAN3 conclusion on the contents of assistance information provided from OAM to RAN before working on the details.
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Annex: Summary of RAN2 and RAN3 agreements related to QoE for MBS broadcast
	RAN2 agreements
In RAN2#119
· 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. 
· FFS if configuration can be done in IDLE/INACTIVE states. 
· FFS how does gNB determine which UEs can be configured with MBS QoE measurements
· FFS if there is a new explicit indicator or new service type used for MBS QoE configuration in RRC_IDLE/RRC_INACTIVE. Wait for RAN3 progress and SA4 LS reply to RAN3.
 
· 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.
· 3) FFS if UE can setup/resume RRC connection just for QoE reporting, or whether the QoE reports are sent to the     network when the UE moves to RRC_CONNECTED state due to other reasons. 
· 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. FFS if AS layer is responsible for storing the QoE reports (as in Rel-17).

In RAN2#120
· 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 trigger RRC Resume – RRC Setup just for the sake of reporting QoE. FFS whether there are cases where we deviate from this baseline.

In RAN2#121
· 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.

In RAN2#121bis-e
QoE configuration and reporting
· RRC Release message is not used for configuring QoE measurements for MBS broadcast. 
· When the UE moves to RRC-CONNECTED state and indicates that there is QoE measurement available in RRC{Setup,Resume}Complete message. Network then retrieves the report by configuring the SRB4/5 for QoE reporting and using the Rel-17 reporting mechanism.
· QoE measurement configuration via broadcast signaling (e.g. System Information, MCCH/MTCH etc.) is not supported.  FFS if the release of configuration can happen via broadcast.
· If the UE is in RRC_CONNECTED and receives QoE report for MBS broadcast from the application layer, the UE sends the report according to the Rel-17 QoE reporting procedure.
· The QoE configuration indicates the applicable states (i.e. that the QoE measurements for CONNECTED are supposed to be gathered also in RRC_IDLE/INACTIVE). FFS whether this is explicit or implicit.
· For QoE configurations of MBS QoE in RRC IDLE, UE AS layer does not store the QoE container but stores QoE configuration ID and service type. FFS if UE AS layer stores something else. 
· For QoE configurations MBS QoE in RRC IDLE/INACTIVE, the UE APP layer stores all the parameters forwarded from AS layer.
· For INACTIVE, FFS what else UE AS layer stores.

QoE report buffering
· As a default behavior, when the UE’s buffer for storing QoE reports is full and a new report arrives, the UE should discard older report(s) to make room for the new one.
· FFS whether it is possible to provide information (e.g. priority, service type, etc.) to UE about buffering for the UE to decide which reports to discard in case the UE’s QoE buffer becomes full. 

Area scope checking
· For MBS broadcast services: 
· Area scope is checked by the UE when the UE is in RRC IDLE/INACTIVE state. 
· FFS whether area scope is checked by the network or by the UE when the UE is in RRC CONNECTED state for MBS broadcast services. 
· FFS whether area scope checking for MBS broadcast is done by UE Application layer. FFS if this is for all RRC states.

RAN2#122 (May 2023)
· RAN2 assumes PLMN/TA information is needed in area scope (in one way or another). FFS how this is expressed, e.g. as list of cells.
· Do not support delta configuration of the QoE configuration applied in RRC IDLE when the UE moves to RRC CONNECTED state unless it causes issues for QoE AL continuity in state transition. 
· UE is allowed to release stored reports and configuration after 48h (similar to logged MDT). No timer is configured by the network.
· As working assumption, RAN2 will use explicit indicator in AS-layer on whether a QoE configuration is also applicable in RRC-IDLE/INACTIVE states. Can be revisited if RAN3 decides to introduce a service type.
· Do not introduce SIB1 indicator on whether UE is allowed to indicate presence of QoE measurements. UE always indicates if it has stored QoE report(s), and it’s up to network whether/when to retrieve them.
· Introduce AS layer minimum memory requirement for storing Rel-18 QoE reports measured in RRC_IDLE/RRC_INACTIVE. Could have larger values than in Rel-17. FFS what is the minimum size requirement capability. FFS what is the value range of the capability.



	RAN3 agreements
In RAN3#117e
· Both signalling based and management based QoE measurements in RRC INACTIVE/IDLE mode shall be supported in Rel-18.
· 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.
· Support MBS broadcast service INACTIVE/IDLE QoE first
· UE shall keep the QoE configuration for MBS broadcast service configured in RRC_CONNECTED even when UE switches to RRC_IDLE and RRC_INACTIVE.
· 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.
 
In RAN3#117b-e
· Whether UE can only report the INACTIVE/IDLE QoE reports to gNB when the UE has entered to the RRC_CONNECTED due to other reasons is pending to RAN2 discussion.

In RAN3#118
· No enhancements on paging for the purpose of configuring UE with legacy QoE measurement for the RRC_IDLE/INACTIVE UEs.
· Legacy paging only for legacy QoE purpose is up to implementation.
· Use the same set of parameters in QMC configuration for all RRC states.
· RAN3 assumes that there is no need to request QoE measurements per UE RRC state.
· WA: MBS service area can be expressed by QoE area scope IE, FFS on whether any enhancements of this IE are needed.
· LS in R3-226916 was agreed asking SA4 about clarification for the understanding of MBS session ID/area

In RAN3#119
· The RRC state info when UE collects the uploaded QoE data shall not be reported in QoE report for MBS BC. MBS MC can be discussed later.
· MBS BC QoE measurements can proceed after the UE switches from RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED.
· RAN3 to discuss which configuration information related to QoE measurement needs to be available in the new gNB.
· At least the following QoE configuration related information for MBS broadcast service should be available in the new gNB:
· QoE reference
· Measurement Collection Entity Information, the detail information can be further discussed
· RAN3 shall discuss which of other QoE configuration info for MBS BC QoE shall be available in the new gNB.

In RAN3#119bis-e
· RAN3 check with SA5 on whether OAM is aware of the MBS service area and MBS session ID, as well as OAM’s interest to collect QoE measurements in specific MBS sessions and MBS service areas.
· QoE measurement type (s-based or m-based measurement) for MBS broadcast service should be available in the gNB serving the UE after the transition from RRC_IDLE to RRC_CONNECTED.
· Configuration container need not to be provided to the new gNB for MBS broadcast service
· RRC level ID (measConfigAppLayerID) for MBS broadcast service should be available in the new gNB.
· For MBS QoE, an M-based QoE configuration shall not overwrite the S-based QoE configuration stored at the UE by the new gNB.

FFS points:
· FFS if we support only other services running over MBS bearer, or MBS can be treated as a new service type alone.
· FFS whether to support some selection policies to better report/discard reports in case of limited storage space
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