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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
This contribution discusses left issues on QoE configuration, reporting, pause/resume and mobility.
2. Discussion
2.1	 QoE reporting handling
In LTE, since only one QoE measurement configuraiton is configured and only one QoE measurement report is included MeasReportAppLayer. It should be reasonable multiple QoE measurement reports can be included in one RRC message to save RRC overhead. Each QoE measurement report at least includes the related QoE measurement results in an application layer container. The MeasConfigAppLayerId can be used to link a QoE measurement configuration and the corresponding QoE measurement reporting. 
Proposal 1 [bookmark: _Ref77676458][bookmark: _Ref77676465][bookmark: _Ref77676470]Multiple QoE report containers can be included in one MeasReportAppLayer message, and it is up to UE implementation on whether to include multiple QoE report container in one message.
[bookmark: _Hlk92399371]2.2	  QoE data buffering during reporting paused
In the LS [1] from SA4, SA4 indicates that application layer buffering of QoE data during temporary stop/QoE pause should be feasible, given the accessibility to high capacity of application level memory in the Rich OS environment.
SA4 raises one issue in the LS about QoE data may be lost due to application layer is no longer running when QoE report resume.
“However, SA4 wishes to point out that fully-reliable resumption of QoE reporting by the application layer, upon receiving a restart directive, may not always be possible in the current Rel-17 QoE architecture. For example, the application layer entity responsible for the reporting may no longer be running at the time of the indicated restart, since the RAN overload event which triggered the temporary stop may be accompanied by poor service quality causing the user to terminate the service and its associated application. Possibly, SA4 is able to address this in the future release.”.
In the event that RAN overload condition is associated with minor deterioration in RAN capacity i.e. in a state whereby the RAN can guarantee the QoS of the service traffic with best effort but will pause QoE reporting. In the event that RAN overload is associated with severe deterioration in RAN capacity, for which the RAN cannot guarantee the QoS of the service traffic and predicts that the service may be stopped by the user or by the RAN node (RAN can initiate service release in case of RAN overload), the RAN node should resume QoE report to avoid QoE data loss. This can be implemented by RAN implementation. 
Observation 1   SA4 indicates in the reply LS that it is possible to store QoE data in application layer.
Observation 2	 RAN node can predict the service will be terminated by user or RAN and resume UE to report the available QoE reporting before ther service is released.
In the LS [2], SA3 indicates that SA3 does not see any security issue with application layer based solution.
Observation 3	 SA3 does not see any security issue with application layer based solution.
During RAN #94 meeting, the following guidance was concluded for RAN2 consideration. According to the conclusion“The specification work in Rel-17 should focus on a solution which provides overall benefits and not “eat up“ the potential gains by increased signaling”, it is understood that pause and resume signalling should not happen frequently and increase signalling overhead, and it should be used for a long-time QoE data report pause. Based on this scenario, it makes more sense to buffer the data in application layer to buffer more data.
conclusion: The work on Pause/Resume should continue in Rel-17
- Technical discussion is left to RAN2 which needs to also involve RAN3 and SA4 on the matter.
- The specification work in Rel-17 should focus on a solution which provides overall benefits and not “eat up“ the potential gains by increased signaling
Observation 4	According to RAN #94 conclusion, pause and resume functionality should be used for a long time RAN overload case to avoid increasing signalling overhead.
In addition, supporting QoE in IDLE and Inactive state is agreed to be discussed in Rel-18 QoE WI, which requires UE to buffer more data in IDLE and Inactive state.
Observation 5  QoE measurement in IDLE and Inactive state will be supported in Rel-18, which will buffer more logged QoE data.
Based on the above observations, it is proposed QoE data will be buffered in application layer.
Proposal 2 RAN2 assumes QoE data will be buffered in application layer during QoE reporting pause, and send LS to SA4.
[bookmark: _Hlk92188761][bookmark: _Hlk92399532]2.2  	Handover, RRC resume and RRC re-establishment
HO procedure 
In the email discussion, one issue was raised, that is whether lossless handover needs to be supported for QoE data. During the email discussion, majority companies think it should be supported. 
As SA4 indicated in [1], “per-session QoE reports are typically sent relatively seldom (at the end of each session or say every few minutes for longer sessions”, if the QoE data is lost during handover, the measurements for the whole session could be lost. And usually user experience could be degraded prior to or during handover, so it makes more sence to keep QoE data lossless during handover.
Proposal 3 Lossless handover for QoE data should be supported.
In current specification, lossless handover is only applied for for DRB using RLC AM mode, there are three aspects to guarantee UL data lossless handover as following.
· On UE side, UE PDCP layer will perform retransmission of all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers;
· On RAN side, UL data forwarding will be performed, during which the source RAN node forwards to the target RAN node via the corresponding DRB UL forwarding tunnel, the uplink PDCP SDUs with their SN corresponding to PDCP PDUs received out of sequence.
· SN status transfer procedure can be used to avoid to retransmit the PDDP SDU already received in the source gNB but ACK missed.
Even though SRB is signalling bearer, but SRB has similar functionality with DRB which carries application layer data. So in order to achieve QoE data lossless handover, the current mechanisms defined for DRB using RLC AM mode can be applied for SRB4.
Another option is to introduce retransmission mechanism in RRC layer.When UE sends MeasReportAppLayer in RRC layer, since UE PDCP layer knows whether the PDCP SDU is successfully transmitted or not based on confirmation information from lower layer, and then PDCP layer can indicate to RRC layer whether SRB4 packet is transmitted successfully or not. RRC can retransmit the SRB PDU based on the confirmation from PDCP layer. But this alternative has some open issues, e.g. whether to allow transmit other SRB messages when waiting acknowledgement for the previous message.
Proposal 4 RAN2 discusses the following two alternatives to support lossless handover for SRB4. And Alt 1 is preferred for easy standardization. 
· Alt 1: Apply current lossless handover mechanisms (i.e. retransmission, data forwarding, SN status transfer etc.) to SRB4.
· Alt 2: Introcdue retransmission mechanism in RRC layer for SRB4.
For RRC segmentation scenario, there could be case that UE cannot transmit successfully all segments of one MeasReportAppLayer message to the source gNB, which will result that neither the source gNB nor the target gNB assmbles the MeasReportAppLayer message. 
In order to avoid RRC segments lost during handover, the source gNB should forward the received RRC segments in RRC layer to the target gNB, and the UE should retransmit or transmit the other RRC segments to the target gNB.
Proposal 5 In case of RRC segmentation applied for MeasReportAppLayer message, the source gNB should forward the received RRC segments in RRC layer to the target gNB.
Proposal 6 UE should perform retansmission or transmission of unsuccessfully transmitted RRC segments of MeasReportAppLayer to the target gNB.
RRC resume procedure 
RAN2 already agreed gNB can pause or resume QoE reporting per QoE configuration. During RRC resume procedure, if the gNB is in case of overload, the gNB may want to pause some QoE reporting.  One easy way is to allow the gNB pause QoE reporting using RRCResume message instead of using another RRC Reconfiguration procedure.
Proposal 7 [bookmark: _Hlk92399915]gNB should be able to pause all or part of QoE reporting during RRC resume.
RRC re-establishment procedure
For RRC re-establishment, it is unclear how to handle QoE context, i.e. whether UE sould release or keep QoE context when initiating RRC re-establishment. Per today’s handling, application layer should usually be unaffected when AS recovery is initiated; the similar handling should be applied to QoE configuration as well. That means, UE should keep all QoE context when initiating RRC re-eatablishment procedure.
Proposal 8 [bookmark: _Hlk92400026]UE should keep all QoE context when initiating RRC re-establishment procedure.
The purpose of RRC re-establishment is to re-establish and resume SRB1; SRB2 and DRBs are suspended when UE initiates RRC re-establishment, and resumed by the first RRCReconfiguration message after successful completion of the RRC re-establishment procedure. For QoE context and SRB4, the handling should be same with SRB2 and DRBs, and network should re-establish or resume QoE related context using RRC reconfiguration procedure after successful completion of the RRC re-establishment procedure. 
Proposal 9 Network should re-establish or resume QoE related context using RRC reconfiguration procedure after successful completion of the RRC re-establishment procedure. 
[bookmark: _Hlk92400070]2.3 	Area scope handling 
During the long email discussion, several solutions were proposed in case that SA4 confirms RAN needs to do something to satisfy ongoing QoE sessions continuity when UE moves outside of area scope.
· 1) Session start/stop indication. The UE sends an indication to the network when the session in the application layer starts and stops. The network then has information about ongoing sessions and can release the measurements at the right time. 
· 2) The network sends release to the UE when the UE exits the area, but the UE doesn’t release the measurements until the session is completed. The UE needs to indicate to the network when the session is finally released, so that the network can release the measurement configuration also. 
· 3) The network sends on indication to the UE when it exists the area, and presumably when it re-enters the area. Maybe needs to be combined with 2).  
· 4) The LocationFilter inside the QoE configuration file is used by the application for area handling.
· 5) Network sends area scope to UE AS layer, and the UE AS layer checks whether UE moves outside of the area scope, and then indicates to application layer whenever UE moves outside or inside of the area scope.
· 6) Option 4)+Network-based release (as current RAN3 agreed). For those QoE configurations which require QoE session continuity, option 4) is applied; for those QoE configurations which don’t requires QoE session continuity, network-based release can be applied.
This clause will evaluate the advantages and disadvantages of each solution, and propose one way forward.
Alternative 1: Session start/stop indication. The UE sends an indication to the network when the session in the application layer starts and stops. The network then has information about ongoing sessions and can release the measurements at the right time.  
This alternative can keep ongoing session continue when the UE moves outside of area scope, but it cannot prevent another new sessions starting for the QoE configuration with ongoing session. UE may initiate multiple QoE sessions for one QoE configuration (measConfigAppLayerId) according to current SA4 and SA5 specification, because QoE session ID is two-byte length and unique within one application. Lets take an example as following,
a) Network configures QoE configuration #1 to UE;
b) UE starts QoE Session #1 for QoE configuration #1 and indicates to gNB
c) UE moves outside of area scope, gNB does not release QoE configuration #1
d) UE does not know it moves outside of area scope, will initiate QoE Session #2 for QoE configuration #1.
So step d) violates the purpose of area scope controlling (i.e. UE should not start Session #2 for configuration #1). Then solution of RAN-released with session start/stop indication does not work for preventing another new sessions starting for the QoE configuration with ongoing session.
Observation 5	Solution of RAN-released with session start/stop indication does not work for preventing another new sessions starting for the QoE configuration with ongoing session.
It is understood there could be multiple QoE configurations provided to the UE and for one QoE configuration there could be multiple QoE sessions. If whenever each QoE sesison starts or stop, UE informs the gNB, a large signalling overhead will be cost.
Observation 6  If UE informs the gNB whenever each QoE sesison starts or stop, a large signalling overhead will be cost considering mulitple QoE sessions running in the UE.
Alternative 2: The network sends release to the UE when the UE exits the area, but the UE doesn’t release the measurements until the session is completed. The UE needs to indicate to the network when the session is finally released, so that the network can release the measurement configuration also.  
Alternative 2 violates the current release mechanism. As today, when network releases one configuration to the UE, the configuration is released or suspended (Inactive state) in the UE and the network; and UE is not expected to do anything during configuration release. Besides, this alternative does not distinguish the the cases of release QoE configuration due to moving outside of area scope and other reasons, and UE behavior is ambugious when receiving QoE configuration release.
Observation 7	Alternative 2 (UE doesn’t release the measurements when receiving release command) violates the current release mechanism that UE is not expected to do anything during configuration release.
Observation 8	Alternative 2 (UE doesn’t release the measurements when receiving release command) cannot distinguish the different releases due to moving outside of the area scope and UE behavior is ambiguous when receiving QoE configuration release.
If the UE has no ongoing QoE session for one QoE configuration, the QoE configuration is released by RAN when UE moves outside of area, and then the QoE configuration should be released in RAN and MCE side. Otherwise, there will be mismatch QoE configuration between MCE and UE.When the UE re-enters the area scope, the QoE configuration cannot be resumed.
Observation 9	If one QoE configuration is released due to moving outside of area scope, the QoE configuration and corresponding area scope configuration is released in RAN and MCE. When the UE re-enters the area scope, it is unclear how the MCE reconfigure the QoE to the UE.
Alternative 3: The network sends on indication to the UE when it exists the area, and presumably when it re-enters the area. Maybe needs to be combined with 2).   
In this alternative, the network will track whether UE is moving outside of area scope during handover, if yes, the source RAN will include indication of outside of area scope in handover command, UE will know whether it moves outside of the area scope and do apprioprate actions for ongoing sessions and new sessions. However, alternative 3 cannot be applied to IDLE and Inactive state.
Alternative 4: The LocationFilter inside the QoE configuration file is used by the application for area handling. 
Alternative 4 is already specified in application layer, Application layer will check whether moving outside of area scope and determine to continue the ongoing session but not start new sessions if moving outside of area scope.
This alternative is agnostic AS configuration and situation, e.g. UE RRC state, different RAT type. Can achieve QoE session continuity based on UE checking. This should be baseline solution. Cell ID needs to be forwarded from AS layer to application layer. This option requires minimum standardization efforts.
Observation 10   Alternative 4 (configure area scope to UE in application layer) is already specified in application layer,is agnostic to AS configuration e.g. UE RRC state, different RAT type, and requires minimum standardization efforts with cell ID informed to application layer from AS layer.
Alternative 5: Network sends area scope to UE AS layer, and the UE AS layer checks whether UE moves outside of the area scope, and then indicates to application layer whenever UE moves outside or inside of the area scope. 
Alternative 5 is similar with alternative 4, and the area scope is sent to UE in AS layer, and AS layer checks whether UE moves outside of area scope and informs application layer. Application layer will continue the ongoing session but not start new sessions if moving outside of area scope.
For both alternative 4 and alternative 5, since UE is responsible to check whether moving outside of area scope, then they can be applied for IDLE and Inactive state.
One potential drawback for alternative 4 and alternative 5 is that they could increase the configuration signalling overhead if the area scope is too large, but since this QoE configuration is only provided once, RAN2 can discuss whether it can be acceptable.
Observation 11  Alternative 4 (configure area scope to UE in application layer)  and alternative 5 (configure area scope to UE in RRC layer) can also be applicable to IDLE and Inactive state.
Observation 12  Alternative 4 (configure area scope to UE in application layer)  and alternative 5 (configure area scope to UE in RRC layer) may increase configuration signalling overhead if the area scope is too large; but considering the area scope is only provided to UE once, RAN2 can discuss whether the overhead can be acceptable.
Alternative 6: alternative 4)+Network-based release (as current RAN3 agreed)
This alternative provides a combination of alternative 4 and network-based release mechanism. For those QoE configurations which require QoE session continuity, option 4) is applied and the MCE needs to configure area scope to UE application layer; for those QoE configurations which don’t requires QoE session continuity, network-based release can be applied and MCE provides area scope to RAN and RAN tracks UE. 
Observation 13  Alternative 6 provides MCE flexibility about ongoing session continuity requirement, and requires minimum standerdization efforts.
According to the above observations, in order to satisfy SA4 requirement in case that the requirement is confirmed in SA4, and in order not to break the QoE configurations, the QoE configuration can be kept in the UE and network (RAN/MCE) side when UE moves outside of area scope, and it can be up to RAN node on whether to release or keep the QoE configuration. 
It is more better to let the UE know whether it will move outside of the area scope and UE will perform apprioprite actions for the ongoing sessions and new sessions.
Proposal 10 QoE configuration can be kept in the UE and network (RAN/MCE) side when UE moves outside of area scope, and it is up to RAN on whether to release or keep the QoE configuration.
Proposal 11 UE should be notified whether to move outside of area scope.
Proposal 12 UE continues the ongoing QoE sessions but does not start new QoE session when moving outside of area scope.
There are two ways to notify UE whether moving outside of area scope: 
1) Send area scope to the UE by application layer or RRC layer, UE checks whether moving   
    outside of area scope.
2) RAN sends outside of area scope indication to UE during handover
Option 1) has the benefit that it can be applied to IDLE/Inactive state; but there could be a risk to increase configuration signalling overhead.
Option 2) relies on network track UE area scope, can save configuration signalling overhead, but it cannot applied to IDLE/Inactive state.
Proposal 13 RAN2 discusses which option of the following ones can be atopted to notify UE outside of area scope.
1) Send area scope to the UE by application layer or RRC layer, UE checks whether moving outside of area scope.
2) RAN sends outside of area scope indication to UE during handover
Proposal 14 Send LS to RAN3 and SA4.
3. Conclusion
This contribution discusses QoE configuration, reporting and mobility related issues, observations and proposals are provided as following.
For UE reporting handling,
Proposal 1 Multiple QoE report containers can be included in one MeasReportAppLayer message, and it is up to UE implementation on whether to include multiple QoE report container in one message.
QoE data buffering during reporting paused,
Observation 1   SA4 indicates in the reply LS that it is possible to store QoE data in application layer.
Observation 2	 RAN node can predict the service will be terminated by user or RAN and resume UE to report the available QoE reporting before ther service is released.
Observation 3	 SA3 does not see any security issue with application layer based solution.
Observation 4	 According to RAN #94 conclusion, pause and resume functionality should be used for a long time RAN overload case to avoid increasing signalling overhead.
Observation 5  QoE measurement in IDLE and Inactive state will be supported in Rel-18, which will buffer more logged QoE data.
Proposal 2 RAN2 assumes QoE data will be buffered in application layer during QoE reporting pause, and send LS to SA4.
For handover,
Proposal 3 Lossless handover for QoE data should be supported.
Proposal 4 RAN2 discusses the following two alternatives to support lossless handover for SRB4. And Alt 1 is preferred for easy standardization. 
· Alt 1: Apply current lossless handover mechanisms (i.e. retransmission, data forwarding, SN status transfer etc.) to SRB4.
· Alt 2: Introcude retransmission mechanism in RRC layer for SRB4.
Proposal 5 In case of RRC segmentation applied for MeasReportAppLayer message, the source gNB should forward the received RRC segments in RRC layer to the target gNB.
Proposal 6 UE should perform retansmission or transmission of unsuccessfully transmitted RRC segments of MeasReportAppLayer to the target gNB.
For RRC resume procedure,
Proposal 7 gNB should be able to pause all or part of QoE reporting during RRC resume.
For RRC re-establishment procedure,
Proposal 8 UE should keep all QoE context when initiating RRC re-establishment procedure.
Proposal 9 Network should re-establish or resume QoE related context using RRC reconfiguration procedure after successful completion of the RRC re-establishment procedure. 
For area scope handling (this part depends on SA4 confirmation),
Observation 5	Solution of RAN-released with session start/stop indication does not work for preventing another new sessions starting for the QoE configuration with ongoing session.
Observation 6  If UE informs the gNB whenever each QoE sesison starts or stop, a large signalling overhead will be cost considering mulitple QoE sessions running in the UE.
Observation 7	Alternative 2 (UE doesn’t release the measurements when receiving release command) violates the current release mechanism that UE is not expected to do anything during configuration release.
Observation 8	Alternative 2 (UE doesn’t release the measurements when receiving release command) cannot distinguish the different releases due to moving outside of the area scope and UE behavior is ambiguous when receiving QoE configuration release.
Observation 9	If one QoE configuration is released due to moving outside of area scope, the QoE configuration and corresponding area scope configuration is released in RAN and MCE. When the UE re-enters the area scope, it is unclear how the MCE reconfigure the QoE to the UE.
Observation 10  Alternative 4 (configure area scope to UE in application layer) is already specified in application layer,is agnostic to AS configuration e.g. UE RRC state, different RAT type, and requires minimum standardization efforts with cell ID informed to application layer from AS layer.
Observation 11  Alternative 4 (configure area scope to UE in application layer)  and alternative 5 (configure area scope to UE in RRC layer) can also be applicable to IDLE and Inactive state.
Observation 12  Alternative 4 (configure area scope to UE in application layer)  and alternative 5 (configure area scope to UE in RRC layer) may increase configuration signalling overhead if the area scope is too large; but considering the area scope is only provided to UE once, RAN2 can discuss whether the overhead can be acceptable.
Observation 13  Alternative 6 (Alternative 4+RAN release) provides MCE flexibility about ongoing session continuity requirement, and requires minimum standerdization efforts.
Proposal 10 QoE configuration can be kept in the UE and network (RAN/MCE) side when UE moves outside of area scope, and it is up to RAN on whether to release or keep the QoE configuration.
Proposal 11 UE should be notified whether to move outside of area scope.
Proposal 12 UE continues the ongoing QoE sessions but does not start new QoE session when moving outside of area scope.
Proposal 13 RAN2 discusses which option of the following ones can be atopted to notify UE outside of area scope.
1) Send area scope to the UE by application layer or RRC layer, UE checks whether moving outside of area scope.
2) RAN sends outside of area scope indication to UE during handover.
Proposal 14 Send LS to RAN3 and SA4.
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