
[bookmark: OLE_LINK39]3GPP TSG-RAN WG2 Meeting #114-e                                                R2-2104992
Electronic, 19th May – 27th May 2021

Source:	Qualcomm Incorporated 
[bookmark: Title]Title:	QoE pause and resume handling
[bookmark: Source]Agenda Item:	8.14 NR QoE
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
 QoE WID was approved in RP-210913 [1], the following objectives are led by RAN2.
“ The detailed objectives of the work item are as follows:
· Specify the support for QoE measurement collection in NR standalone mode. [RAN2, RAN3]
· Specify configuration, activation, and deactivation procedures for both signalling-based and management-based QoE measurement collection and reporting, taking LTE QoE solutions as baseline, as defined in TR 38.890.
· Specify configuration and reporting for multiple simultaneous QoE measurements at a UE.
· Specify QoE measurement handling at RAN overload, including pause and resume of QoE measurement reporting.
· [bookmark: _Hlk68023728]Specify QoE measurement handling in RRC_INACTIVE, i.e. keeping the QoE measurement configuration without measuring and reusing the same configuration upon transition from RRC_INACTIVE to RRC_CONNECTED.
NOTE: RRC segmentation may be needed for transmission of QoE reports, and any potential solutions need detailed technical specification of the procedures (if time allows in RAN2).”
 
And in the last RAN2, the fowllowing agreements are achieved, 
“QoE pause” indication from the network is used to temporarily stop QoE reports from being sent from the UE to the network. Application layer behaviour upon UE receiving “pause/resume” indications is out of RAN2 scope.
The following are options considered by RAN2 for QoE report handling during RAN overload via “QoE report pause indication”:
Option 1: Application layer is responsible for storing QoE reports when the UE receives QoE pause indication.
Option 2: AS layer is responsible for storing QoE reports when the UE receives QoE pause indication.
Option 3: The QoE container received from application layer is discarded during pause.

In this contribution, QoE measurement reporting pause/resume configuration, and justify whether QoE data should be buffered in application layer or AS layer.
2. Discussion
2.1 Pause and resume configuraiton
As the agreements in last RAN2 meeting, multiple QoE measurement configurations can be provided to the UE and multiple QoE measuremrent reporting can happen. In case of RAN overload,  the gNB can determine pause all QoE measurement reporting or part of QoE measurement reporting based on RAN load situation. When overload situation is mitigated, same logic, the gNB can determine whether resume all or part of QoE measurement reporting.
Proposal 1: gNB can pause/resume all or parts of QoE measurement reporting in case of RAN overload.
Proposal 2: Pause/resume indication is added in RRC message (e.g. RRC Reconfiguration message) to pause/resume all or parts QoE measurement reporting.
2.2 QoE measurement buffering in case of report pause
In the discussion in the last RAN2 meeting, how to handle QoE reporting during report pause has been discussed, and the following options are proposed.
Option 1: Application layer is responsible for storing QoE reports when the UE receives QoE pause indication.
Option 2: AS layer is responsible for storing QoE reports when the UE receives QoE pause indication.
Option 3: The QoE container received from application layer is discarded during pause.

MDT data is generated by AS layer, it has to be buffered in AS layer. Unlike MDT, QoE data is generated by application layer, and is a type of application data as format of XMF file. It is natural to buffer application data in application layer as today.
Observation 1: Unlike MDT data which has to be buffered in AS layer, QoE measurements result is a type of application data as format of XML file, it is natral to buffer application file in application layer.
The network could be overloaded for a long time, the generated QoE data could be large for UE to buffer. Besides, there is also possibility there are multiple application layers running in the UE simoultannously, and multiple QoE data files will be generated accordingly. Therefore, it can be expected the QoE data need to be buffered may be very large.
Observation 2: The size of QoE data to be buffered could be very large, considering multiple application layers running in the UE simoultanously, and multiple QoE files generated.
For data buffering space, we provide an illustration in the following Figure 1 to show the different of buffer in AS layer and application layer when UE implements it. BP is baseband processor and AP is application processor. If buffered in AS layer, then it should be in BP; if in application layer, it should be in AP, or in storage. Usually, BP memory size is more limited and expensive than AP. 
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Figure 1: UE memory space
In current specification, the UE capable of logged MDT should buffer up to 64KB MDT data and the RRC configuration buffer size is 45KB as following, from TS 38.306 [2]. And it is understood we treat QoE measurements lower priority than MDT data, if buffered in AS layer, then the maximum memory size will not be beyond 64KB. 
	loggedMeasurements-r16
Indicates whether the UE supports logged measurements in RRC_IDLE and RRC_INACTIVE. A UE that supports logged measurements shall support both periodical logging and event-triggered logging. The memory size of MDT logged measurements is 64KB.
	UE
	No
	No
	No


4.2.14	RRC buffer size
The RRC buffer size is defined as the maximum overall RRC configuration size that the UE is required to store. The RRC buffer size is 45Kbytes.

For QoE measurement, it makes no sense to buffer a very small size when reporting is paused. If buffered in application layer, the QoE data can be buffered in AP, AP memory is usually larger than modem memory; and it is also possible to buffer QoE data in storage in which case the QoE file is not deleted when the application is terminated. And the buffered QoE data has the change to be reported in the next time the application is running.

Observation 3: The current required UE RRC layer buffer size is 64KB for logged MDT, and 45KB for RRC configuration. If buffered in AS layer, then it will be buffered in BP memory, and the memory in BP is very limited. Buffering a very limited size of QoE measurements makes no sense for QoE data collection.

Observation 4: If buffered in application layer, then it can be buffered in AP memory. AP memory is usually larger than BP. It could be also possible to buffer QoE data in storage which has more larger size and when the application is terminated the QoE data is not deleted and can be stored for further transmission.
In current mechanism, the modem memory is used for Layer 2 buffer to support RLC transmission windows and RLC reception and reassembly windows and also in PDCP reordering windows for all radio bearers. In addition, Layer 2 data buffering also supports preprocessing of data. If QoE data occupies the memory space in BP, then the Layer 2 buffer size will be reduced, and the data procesin g performance for non-QoE data will be impacted.

Observation 5: If buffered in AS layer, QoE data occupies modem memory space, which may impact the data processing performance for non-QOE data due to reduced AS layer memory size. 

In current specification, only when AS layer is ready for data transmission, i.e. the DRB is configured for one application layer, the application will deliver data to AS layer. That means AS layer does not buffer application data in case that the data is not expected to be transmitted. QoE data buffered in AS layer during reporting paused breaks the current AS-application cross-layer handling concept.

Observation 6: QoE data buffered in AS layer during reporting paused breaks the current AS-application cross-layer handling concept, i.e. AS layer does not buffer application data in case that the data is not expected to be transmitted.

Besides the case of RAN overload, UE needs to buffer QoE data in other cases. When UE moves into a gNB not supporting QoE, UE can continue to perform QoE measurements in application layer but pause reporting, this can satisfy QoE measurement continuity for the ongoing QoE sessions. Or, in the future release, QoE measurement in IDLE and Inactive state could be supported for MBS service and small data tramsnitted in Inactive state. All of these cases need UE to buffer QoE measurement. So, considering supporting more cases for UE to buffer QoE measurements, it is beneficial to adopt a practical and future-proof mechanism to buffer QoE measurements.
Observation 7: Besides the case of RAN overload, UE may need to buffer QoE in other cases, e.g. moving a RAN node not supporting QoE, support QoE measurement in IDLE and Inactive state for future release, it is beneficial to adopt a practical and future-proof mechanism to buffer QoE measurements. 

If buffering in application data, it should allow RAN controls the pause and resume in application layer. So the main concern is application-AS cross layer interaction. If we look at TS 27.007 [3], there are already AT command for QoE defined. What needs to be enhanced may be to add one more indication from AS layer to application layer to indicate whether to buffer QoE data in application layer.

-------------------------------------------------From TS 27.007 below--------------------------------------------------------
[bookmark: _Toc20207608][bookmark: _Toc27579491][bookmark: _Toc36116071][bookmark: _Toc45214951][bookmark: _Toc51866719][bookmark: _Toc59206824]8.78	Application level measurement configuration +CAPPLEVMC
Table 8.78-1: +CAPPLEVMC parameter command syntax
	Command
	Possible response(s)

	+CAPPLEVMC=[<n>]
	+CME ERROR: <err>

	+CAPPLEVMC?
	+CAPPLEVMC: <n>

	+CAPPLEVMC=?
	+CAPPLEVMC: (list of supported <n>s)



Description
[bookmark: _Hlk494958806]This command allows control of the application level measurement configuration according to 3GPP TS 25.331 [74] and 3GPP TS 36.331 [86]. The set command controls the presentation of the unsolicited result code +CAPPLEVMC: <app-meas_service_type>,<start-stop_reporting>[,<app-meas_config_file_length>,<app-meas_config-file>] providing data for the configuration. Refer subclause 9.2 for possible <err> values.
[bookmark: _Hlk71220706]
And in SA5 specification TS28.405, it is already captured AS layer sends indication to application layer to stop or restart QoE reporting as following.
[bookmark: _Toc42758783][bookmark: _Toc42759190][bookmark: _Toc42759814]-------------------------------------------------From TS 28.405 below--------------------------------------------------------
4.2.4	Temporary stop and restart of QoE information reporting during RAN overload in LTE
In case of overload in RAN, the eNB may temporarily stop the reporting from the UE by send the RRCConnectionReconfiguration message [8] to relevant UEs. The RRCConnectionReconfiguration message is including measConfigAppLayer set to temporarily stop application layer measurement reporting in otherConfig [8]. The Access stratum sends +CAPPLEVMC AT command [5] to the application with the temporary stop request. The application stops the reporting and stops recording further information when the data in the reporting container is used. Then the recorded data is kept until it is reported or when the UE request session is ended. 
When the overload situation in RAN is ended the eNB restart the reporting from the UE by send the RRCConnectionReconfiguration message [8] to relevant UEs. The RRCConnectionReconfiguration message is including measConfigAppLayer set to restart application layer measurement reporting in otherConfig [8]. The Access stratum sends +CAPPLEVMC AT command [5] to the application with the restart request. The application restarts the reporting and recording if it was stopped. 
----------------------------------------------------------------------------------------------------------------------------------------
From the above description in existing specifications, only small enhancement (e.g. one more indication from AS layer to application layer) will be added to AT command for supporting application layer QoE buffering, which is already captured in SA5 TS 28.405 [4].
Observation 8: Small enhancement (e.g. one more indication from AS layer to application layer) will be added to AT command for supporting application layer QoE buffering, which is already captured in SA5 TS 28.405 [4].
Considering the aboves observations, buffering QoE data in application layer has advantages than in AS layer in aspects of UE memory cost, processing performance, specification impact, future-proof, etc. and there is no advantages to buffer in AS layer.
Therefore, in order to make QoE more practical when deployment, it is proposed to buffer QoE measurements in application layer during reporting paused.
Proposal 3: UE buffers QoE measurements in application layer during reporting paused. 

2.3 How to handle QoE measurement in case of buffer size limitation
When QoE reporting is paused for a long time, the collected measurement result could occupy UE storage, and it is impossible for UE to buffer all measurement results. It is worthy to be discussed how to handle this case of UE storage limited.
There could be some solutions to limit the amount of the collected measurement results, e.g timer-based solution, or required storage size based solution.
For timer-based solution, there is timer running in the UE, and when the timer expires, UE stops QoE measurement or the UE only buffers the collected measurement results in the latest time window.
For required storage size based solution, UE stores the QoE measurements results up to the required storage size, and this required storage size can be defined in specification or configured to the UE. When the required storage size is full, the UE can stop QoE measurement.
In application layer, periodical or event-trigger QoE measurement reporting is defined. If event-trigger method is applied, then there could be no QoE measurement reporting for a long time if the triggering event does not happen. So if timer based solution is adopted, then it is possible there is no or less measurement is buffered when the timer expires or during the latest time window.
Therefore, it is proposed to used required storage size based method, and UE is required to support to buffer QoE measurement results up to the required storage size.
Proposal 4: UE is required to support to store QoE measurement results up to the required storage size. It can be UE implementation whether to store more than the required storage size.
From operator perspective, there could be priority differentiation between different type. For example, MTSI service quality may be more important than straming; URLLC slice service quality is more important than eMBB. Therefore, when storage is full, there should be a mechamisn to allow the higher priority QoE measurement can overwrite the lower priority measurement.
Proposal 5: Stored QoE measurements can be overwrited by new QoE measurements e.g. measurements for higher priority service type, or for higher priority slice.
There are application layer behavior are impacted according to the above discussion and proposals, it is proposed to send LS to SA4 about the decision.
Proposal 6: Send LS to SA4, SA5 and CT1 about the decision.
2.4  QoE context handling during RRC resume
It has been agreed QoE AS context will be included in Inactive AS context.
The UE Inactive AS context includes the UE AS configuration for the QoE (it is not released when UE goes to Inactive).
 During RRC resume procedure, some special scenarios need to be considered as following.
Scenario 1: UE resumes RRC in a gNB not supporting QoE.
Scenario 2: UE resumes RRC in a gNB supporting QoE.
Scenario 3: UE reusmes RRC in a gNB in case of overload.
For Scenario 1, it is worthy to discuss how to handle QoE context and QoE measurements; or scenario 2, it should discuss whether the new gNB can update the QoE configuraions based on the situation.
Proposal 7: RAN2 is proposed to discuss the following three scenarios for Inactive state.
Scenario 1: UE resumes RRC in a gNB not supporting QoE.
Scenario 2: UE resumes RRC in a gNB supporting QoE.
Scenario 3: UE reusmes RRC in a gNB in case of overload.
QoE configuration is application layer configuration and a bit different with current configuraitons stored in UE in Inactive state. Such application layer configuration is transparent to gNB. For scenario 1, in case that the new gNB does not support QoE, it is possible application layer performs QoE measurement but pause reporting. Therefore, it is worthy to discuss how to handle QoE context and measurement when UE resumes. There could be three alternatives to handle QoE context considering we introduce UE buffering mechanism when reporting is paused.
Alt-1: UE releases QoE context when resuming RRC in a gNB not supporting QoE
In this alternative, it is assumed the source gNB is aware of the new gNB QoE capability and release the QoE context from UE AS context if the new gNB does not support QoE. And the new gNB sends legacy RRCResume message to the UE. When receiving the legacy RRCResume message, the UE release QoE context.
Alt-2: UE suspends QoE context when resuming RRC in a gNB not supporting QoE
In this alternative, the new gNB not supporting QoE ignores the QoE context and sends legacy RRCResume message; when receiving legacy RRCResume message, the UE does not restore the QoE context but keep it for future resume. With this alternative, QoE context can be forwarded between gNBs with different QoE capability without duplicated configuration.
Alt-3: UE restores QoE contex and performs QoE measurements but pausing QoE reporting.
As mentioned above, QoE configuration and measurement is application layer behavior, it is transparent to AS layer. When UE moves to a gNB not supporting QoE, it is possible UE resume QoE configuration but pause reporting. In this alternative, the new gNB ignores the QoE context and sends legacy RRCResume message; when receiving legacy RRCResume message, the UE can restore QoE context and perform QoE measurements in application layer, but pauses QoE reporting. With this alternative, the QoE measurement continuity can be satisfied when the UE moves across gNBs with different QoE capability.
Considering QoE measurement is application layer behavire and transparent to RAN level, it should be allowed application layer to continue measurements even though the current gNB does not support QoE. UE can buffer data in application layer for further transmission. With this operation, QoE measurement continuity could be satisfied as much as possible.
Proposal 8: When UE resumes RRC connection in a gNB not supporting QoE, UE restores QoE contex and performs QoE measurements but pausing QoE reporting.
From the discussion in aboves three alternatives, it can be seen that in order to support back-forward compatibility, if the UE receives legacy RRCResume message, UE should treat the gNB as not supporting QoE.
Proposal 9: UE should treat the gNB as not supporting QoE if receiving legacy RRCResume message, and UE should behave as proposal 8.
For Scenario 2-UE resumes RRC in a gNB supporting QoE, according to the discussion in Scenario 1, if the supporting gNB wants to resume QoE reporting, the gNB should include explicit indication in RRCResume message, and the UE will resume QoE reporting.
Proposal 10: When UE resumes RRC connection in a gNB supporting QoE, UE restores QoE reporting relying on explicit indication in RRCResume message. It is FFS for explicit indication information.
For Scenario 3-UE reusmes RRC in a gNB in case of overload, it should be allowed the gNB release or pause all or part of QoE configurations during RRC resume to mitigrate the overload situation.
Proposal 11: The gNB supporting QoE can release or pause all or part of QoE configuraions during RRC resume.

3. Conclusion 
For Pause and resume configuration,
Proposal 1: gNB can pause/resume all or parts of QoE measurement reporting in case of RAN overload.
Proposal 2: Pause/resume indication is added in RRC message (e.g. RRC Reconfiguration message) to pause/resume all or parts QoE measurement reporting.
QoE measurement buffering in case of report pause,
Observation 1: Unlike MDT data which has to be buffered in AS layer, QoE measurements result is a type of application data as format of XML file, it is natral to buffer application file in application layer.
Observation 2: The size of QoE data to be buffered could be very large, considering multiple application layers running in the UE simoultanously, and multiple QoE files generated.
Observation 3: The current required UE RRC layer buffer size is 64KB for logged MDT, and 45KB for RRC configuration. If buffered in AS layer, then it will be buffered in BP memory, and the memory in BP is very limited. Buffering a very limited size of QoE measurements makes no sense for QoE data collection.
Observation 4: If buffered in application layer, then it can be buffered in AP memory. AP memory is usually larger than BP. It could be also possible to buffer QoE data in storage which has more larger size and when the application is terminated the QoE data is not deleted.
Observation 5: If buffered in AS layer, QoE data occupies modem memory space, which may impact the data processing performance for non-QoE data due to reduced AS layer memory size. 
Observation 6: QoE data buffered in AS layer during reporting paused breaks the current AS-application cross-layer handling concept, i.e. AS layer does not buffer application data in case that the data is not expected to be transmitted.
Observation 7: Besides the case of RAN overload, UE needs to buffer QoE in other cases, e.g. moving a RAN node not supporting QoE, support QoE measurement in IDLE and Inactive state for future release, so it is beneficial to adopt a practical and future-proof mechanism to buffer QoE measurements. 
Observation 8: Small enhancement (e.g. one more indication from AS layer to application layer) will be added to AT command for supporting application layer QoE buffering, which is already captured in SA5 TS 28.405 [4].
Proposal 3: UE buffers QoE measurements in application layer during reporting paused. 
For how to handle QoE measurement in case of buffer size limitation,
Proposal 4: UE is required to support to store QoE measurement results up to the required storage size. It can be UE implementation whether to store more than the required storage size.
Proposal 5: Stored QoE measurements can be overwrited by new QoE measurements e.g. measurements for higher priority service type, or for higher priority slice.
Proposal 6: Send LS to SA4, SA5 and CT1 about the decision.
For QoE context handling during RRC resume,
Proposal 7: RAN2 is proposed to discuss the following three scenarios for Inactive state.
Scenario 1: UE resumes RRC in a gNB not supporting QoE.
Scenario 2: UE resumes RRC in a gNB supporting QoE.
Scenario 3: UE reusmes RRC in a gNB in case of overload.
Proposal 8: When UE resumes RRC connection in a gNB not supporting QoE, UE restores QoE contex and performs QoE measurements but pausing QoE reporting.
Proposal 9: UE should treat the gNB as not supporting QoE if receiving legacy RRCResume message, and UE should behave as proposal 8.
Proposal 10: When UE resumes RRC connection in a gNB supporting QoE, UE restores QoE reporting relying on explicit indication in RRCResume message. It is FFS for explicit indication information.
Proposal 11: The gNB supporting QoE can release or pause all or part of QoE configuraions during RRC resume.
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