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Introduction
RAN2 received reply LSes from SA4 and SA5 [1][5][7][8]. In this contribution, based on the reply from SA4 and SA5, we mainly discuss the further study details left from previous RAN2 meeting, regarding to multiple QoE measurement configuration, QoE configuration/report size, QoE pause, etc.
Discussion
QoE configuration
Multiple QoE measurement configurations per service type
In RAN2 #114e meeting, RAN2 sent a LS to SA5 and asked whether multiple QoE measurement configurations can be configured for a certain service type. Following response is captured in the reply LS from SA5 [1]:
	The mechanisms of QMC defined in TS 28.405 does not support multiple QoE measurement configurations. The content in the latest version of 28.405 is for UMTS and LTE, it will be enhanced to support NR in release 17. SA5 think it is possible to provide multiple QoE measurement configurations for one certain service type, and how to support multiple QoE measurement configurations for one certain service type will be considered in NR. 


As replied in [1], multiple QoE measurement configurations per service type is currently not supported. Multiple QoE measurement configurations are proposed to be used for multiple QMC ordered by different consumers. The reported data also needs to be sent to different consumers. Currently, QoE reference is used to identify the OAM job for collecting QoE measurements for the specific service type, which is globally unique. 
There are two possible solutions to support multiple QoE measurement configurations: 1) 1:1:1 mapping among QoE session, QoE reference and QoE measurement configuration; 2) 1:1:N mapping among QoE session, QoE reference and QoE measurement configurations. For solution 2), to differentiate multiple QoE measurement configurations requested by different consumers, a new configuration ID need to be defined by SA5. This new ID also need to be visible to RAN, so that both RAN and UE can identify multiple QoE configurations by knowing this new ID. As agreed in RAN2 #115e meeting, the RRC ID, MeasConfigAppLayerId is to identify the QoE configuration between UE and gNB.:
	It is the RAN2 understanding that the QoE Reference does not need to be sent to or from the UE in RRC signaling for QoE measurements in RRC_CONNECTED. The RRC ID, MeasConfigAppLayerId, is sufficient to identify the QoE configuration between UE and gNB.
RAN2 assumes that gNB keeps the mapping between MeasConfigAppLayerId and QoE Reference. The mapping is sent to the target gNB as part of QoE configuration and information at handover.


Comparing with solution 2), solution 1) is more straightforward and can be supported without huge specification impact. 
Additionally, as replied in R3-214471 [9], RAN3 also prefers each QoE measurement configuration is associated with a unique QoE reference and only one QMC MCE address. 
	Regarding the application provider example in Issue 2, from RAN3 perspective, each QoE measurement configuration is associated with a unique QoE Reference and only one QMC MCE address.


Hence, to support multiple QoE measurement configurations, it is suggested that each QoE measurement configuration has its unique QoE reference and is configured by separate QoE session. 
Proposal 1: [bookmark: _Ref85778140]RAN2 suggests SA5 to support multiple QoE measurement configurations by 1:1:1 mapping between QoE session, QoE reference, and QoE measurement configuration. 
From RAN2 point of view, to support multiple QoE configuration per service type, multiple MeasConfigAppLayerId can be configured for one service type, which also follows the agreement made in RAN2 #115e meeting.
Proposal 2: [bookmark: _Ref85778154]Multiple MeasConfigAppLayerId can be configured simultaneously to support one certain service type with multiple QoE measurement configurations.
MeasConfigAppLayerId and QoE reference mapping at UE
RAN2 #115e meeting has agreed the assumption that gNB keeps the mapping between MeasConfigAppLayerId and QoE reference. The mapping is also sent to the target gNB as part of QoE configuration and information during handover. During last meeting, it is FFS if the RRC layer forwards the MeasConfigAppLayerId together with the QoE configuration to the application layer.
In the running CR [3], following configurations are defined to be transferred to the UE 
	OtherConfig-v17xy ::=                   SEQUENCE {
    measConfigAppLayerToAddList-r17      	SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayer-r17   OPTIONAL,    -- Need N
    measConfigAppLayerToReleaseList-r17     SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayerId-r17 OPTIONAL     -- Need N
}

[bookmark: _Hlk73087151]MeasConfigAppLayer-r17 ::=        SEQUENCE {
    measConfigAppLayerId-r17            MeasConfigAppLayerId-r17,
    measConfigAppLayerContainer-r17		OCTET STRING,
    serviceType-r17						ENUMERATED {streaming, mtsi, spare6, spare5, spare4, spare3, spare2, spare1}  OPTIONAL,  -- Need N
    ...
}


The corresponding QoE measurement report from UE is defined as below:
	MeasurementReportAppLayer-IEs-r17 ::= SEQUENCE {
	measurementReportAppLayerContainer-r17	OCTET STRING,
    measConfigAppLayerId-r17                MeasConfigAppLayerId-r17,
    lateNonCriticalExtension                OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                    SEQUENCE{}                                                              OPTIONAL
}



As QoE reference will not be transferred to the UE outside of the container, the UE also need to understand the mapping between QoE reference and MeasConfigAppLayerId, so that UE’s AS layer can encoded the corresponding container of the QoE report to the right MeasConfigAppLayerId in the RRC message. 
However, as UE’s AS layer will not decode context in the container, RRC layer should forward the MeasconfigAppLayerId to UE’s application layer. The application layer should maintain the mapping table between QoE reference and MeasConfigAppLayerId. When UE’s application layer sends the container of QoE measurement report to AS layer, the corresponding MeasConfigAppLayerId should also be included.
Proposal 3: [bookmark: _Ref85778166]The RRC layer forwards the MeasConfigAppLayerId together with the QoE configuration to UE’s application layer. MeasConfigAppLayerId is also sent to UE’s AS layer together with QoE measurement report container from UE’s application layer.
QoE configuration modification
QoE configuration modification was proposed in [4] to save one command of RRC message by combining add/release command into a single modification command. In [1], SA5 replied that QoE measurement modification procedure is not supported so far, existing deactivation and activation procedure is used to modify the QMC.
However, as replied in S4-211248 [10], SA4 explained the difference between QoE configuration change and QoE configuration release is whether the network still wants the UE to continue QoE measurement and reporting after receiving the message from the network. When QoE measurement modification is used, UE’s application remains existing QoE measurement. Besides, SA4 further defines procedures of sending notification of a discard request to application layer to stop collecting quality metrics and discard any already collected information when receiving a QoE release message from gNB [11][12][13]. 
To avoid application layer releasing already collected QoE report during QoE configuration modification,  it is suggested to consider change “measConfigAppLayerToAddList-r17” into “measConfigAppLayerToAddModList-r17” in the running CR:
	OtherConfig-v17xy ::=                   SEQUENCE {
    measConfigAppLayerToAddModList-r17      	SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayer-r17   OPTIONAL,    -- Need N
    measConfigAppLayerToReleaseList-r17     SEQUENCE (SIZE (1..maxNrofQoE-r17)) OF MeasConfigAppLayerId-r17 OPTIONAL     -- Need N
}



Proposal 4: [bookmark: _Ref85778173]QoE configuration modification procedure is supported.
In [1], SA5 replied that QoE measurement modification procedure is not supported so far, existing deactivation and activation procedure is used to modify the QMC. According to the reply from SA4, a reply LS to SA5 is needed.
Proposal 5: [bookmark: _Ref85778178]Reply LS to SA5 to consider QoE configuration modification in NR QoE.
Size of QoE configuration/report and RRC segmentation
The maximum container size of QoE measurement configuration and report was discussed in RAN2 #114e meeting with following agreements:
	RAN2 assumes to re-use the maximum container size of 1000 bytes for QoE measurements configuration and send LS to SA4 to confirm the assumption.
Send LS to SA4 to check the necessity of the maximum container size of QoE measurements report beyond than 8000 bytes.


As replied in [5], considering the large size of possible VR metric and difficulty to specify the limit for certain service which the report size is dependent on user head movement, etc, SA4 would welcome to remove the configuration and report size limitation in NR. It is proposed that RRC Segmentation can be used to support large size of QoE report and QoE configuration..
However, by supporting RRC segmentation does not mean there’s no limitation of QoE data over the air interface. As specified in [6], the maximum number of DL RRC segmentation is 5, and the maximum number of UL RRC segmentation is 16. Considering the upper limitation of PDCP SDU size for one RRC message is 9000 Bytes , the maximum size of QoE measurement configuration and report is 45kB and 144kB, respectively. If the QoE measurement configuration and report is larger than the corresponding upper bound, segmentation in upper layer is needed. Considering that the upper layer (e.g. application layer) anyway need to segment packets within the limited size of RRC message (assuming RRC segmentation is supported), to reduce complexity, a single level segmentation at upper layer is preferred. However, whether upper layer can support such segmentation should further check with SA4 and SA5. If not, the maximum size of QoE measurement configuration and report should follow existing RRC segmentation limitation.
Proposal 6: [bookmark: _Ref85778242]RAN2 send a reply LS to SA4, including following contents:
a. [bookmark: _Ref85778251]RAN2 wonders whether segmentation at upper layer (e.g. application layer) can be supported or not. 
b. [bookmark: _Ref85778265]If segmentation can be supported in upper layer (e.g. application layer), when the size of QoE measurement configuration and report is larger than 9000Bytes, segmentation at upper layer (e.g. application layer) is preferred. 
c. [bookmark: _Ref85778272]If segmentation cannot be supported in upper layer (e.g. application layer), the maximum size of QoE measurement configuration is 45kB, the maximum size of QoE measurement report is 144kB”.
QoE Pause
During RAN2 #114e meeting, RAN2 sent a LS to SA4 and SA5 and asked SA4/SA5 about their preference on below three options for QoE pause:
Option 1: RAN transparent approach, i.e. QoE reports during “pause” are stored at application layer;
Option 2: Application transparent approach, i.e. QoE reports during “pause” are stored at AS layer;
Option 3: RAN transparent approach, i.e. AS discard the QoE data during “pause”.
As replied in [7], although it is feasible to buffer QoE data during QoE pause in the application layer, the fully-reliable resumption of QoE reporting is not be always possible in current Rel-17 framework, as the service itself may be terminated due to poor service quality as a result of RAN overload. If the service is also being terminated during RAN overload event, during QoE pause, it does not require a large size of buffer to store the generated QoE measurement reports.
Observation 1: [bookmark: _Ref85778280]Generated QoE measurement reports during QoE pause does not require a large size of buffer to store, as the service itself may also be terminated during RAN overload event.
SA4 further asked three questions to RAN2 on duration of QoE pause and potential mechanisms in RAN for QoE report buffering. Here, we further analyze and provide feedbacks to each question as below.
Question 1
	1. What is the expected typical duration of a temporary stop – e.g., in the order of minutes or perhaps much longer, say hours? As per-session QoE reports are typically sent relatively seldom (at the end of each session or say every few minutes for longer sessions), we would expect that a temporary stop lasting about half an hour should not require additional AS layer storage beyond the supported buffer size limitation, e.g., 64 kB as indicated for Option 2.


According to [2], QoE pause is proposed to temporarily stop QoE measurement reporting in case of RAN overload in standalone connectivity. 
	In case of RAN overload in standalone connectivity, RAN can stop new QoE measurement configurations, release existing QoE measurement configurations and pause QoE measurement reporting. RRC signaling is used by the gNB to indicate the UE to pause or resume the QoE reporting. Potential solutions of pause/resume mechanism need detailed technical specification of the procedures, e.g. pause/resume for all QoE reports or pause/resume per QoE configuration, how long can the UE store the reports, limit for stored reports size etc.


From RAN point of view, RAN overload situation may last for a very long time. However, to reduce the memory challenge to the UE either in AS layer or application layer, RAN should guarantee the temporary stop does not last long. If the RAN overload situation cannot recover for a long time, RAN can also consider release some of QoE measurement configurations.
Then, during QoE pause, UE is only required to store QoE measurement report within a limited time or within a limited buffer size. Hence, with certain configurations from RAN, the required storage at AS layer for QoE report will not exceed the limitation, i.e. 64kB. If buffer size is exceeded, it is up to UE how to handle the report, e.g. discard.
Proposal 7: [bookmark: _Ref85778296]Reply SA4 that “The duration of a RAN overload may last long. However, RAN should guarantee the temporary stop does not last long by controlling the buffer size limitation for stored QoE measurement report. ”
Question 2
	2. In case a temporary stop can last for a very long time (e.g., hours), are there any mechanisms already defined or being considered at the RAN side to ensure that subsequent resumption of delivery of potentially a large volume of buffered QoE reports, upon recovery from RAN overload, will not trigger RAN overload recurrence?


To avoid triggering RAN overload recurrence due to large volume of buffered QoE reports when QoE resume is triggered, as discussed in section 2.2.1, it is expected RAN only store a limited size of QoE report during QoE pause. 
Proposal 8: [bookmark: _Ref85778307]Reply SA4 that “Configuring UE with a limited duration or a limited buffer size for storing QoE report during QoE pause could help to avoid RAN overload recurrence during QoE resume”.
Question 3
	3. Will pausing of QoE reporting during RAN overload effectively help the RAN, given that the average QoE load per application is <100 bits/sec?


From RAN2 point of view, if the average QoE load per application is smaller than 100bits/sec, by pausing QoE report is not efficient enough, as the required bandwidth and throughput is not high. However, as QoE pause is introduced by SA5, it would be good to check with SA5 about the intention and whether QoE pause would be effectively help RAN overload.
Proposal 9: [bookmark: _Ref85778314]Reply SA4 that “From RAN2 point of view, QoE pause may not reduce overload situation at NG-RAN if the required average QoE load per application is smaller than 100bits/sec. RAN2 suggests SA4 to check with SA5 on the purpose and effectiveness of introducing QoE pause during RAN overload”.
QoE pause procedure in RRC
As replied by SA5 in [8]: 
	SA5 think that QoE reports are useful for the operators and therefore where possible the QoE reports shouldn’t be discarded during a pause, which eliminates option 3. From SA5 perspective either of option 1 and Option 2 are equivalent. Therefore we leave the choice to RAN groups and SA4  to decide while noting some benefits of using option 1  (e.g. larger memory in the application layer).


Considering above discussions in section 2.2.1 to section 2.2.3, it is sufficient to store QoE report during QoE pause in AS layer.
Proposal 10: [bookmark: _Ref85778320]During QoE pause, QoE reports are stored at AS layer with a limited buffer size.
Conclusion
In this contribution, we discussed multiple QoE measurement configuration per service type should be supported via multiple MeasConfigAppLayerId. Also, the configured RRC ID MeasConfigAppLayerId should further be transferred to UE’s application layer to support mapping the corresponding QoE report to the right RRC message. Besides, to support large size of QoE configuration and report, both DL and UL RRC segmentation are proposed to be supported. In the end, we further discussed QoE pause and provide draft reply to SA4’s question. 
We propose the following proposals:
Proposal 1:RAN2 suggests SA5 to support multiple QoE measurement configurations by 1:1:1 mapping between QoE session, QoE reference, and QoE measurement configuration.
Proposal 2:Multiple MeasConfigAppLayerId can be configured simultaneously to support one certain service type with multiple QoE measurement configurations.
Proposal 3:The RRC layer forwards the MeasConfigAppLayerId together with the QoE configuration to UE’s application layer. MeasConfigAppLayerId is also sent to UE’s AS layer together with QoE measurement report container from UE’s application layer. 
Proposal 4:QoE configuration modification procedure is supported.
Proposal 5:Reply LS to SA5 to consider QoE configuration modification in NR QoE.
Proposal 6:RAN2 send a reply LS to SA4, including following contents:
a RAN2 wonders whether segmentation at upper layer (e.g. application layer) can be supported or not.
b If segmentation can be supported in upper layer (e.g. application layer), when the size of QoE measurement configuration and report is larger than 9000Bytes, segmentation at upper layer (e.g. application layer) is preferred.
c If segmentation cannot be supported in upper layer (e.g. application layer), the maximum size of QoE measurement configuration is 45kB, the maximum size of QoE measurement report is 144kB”.
Observation 1:Generated QoE measurement reports during QoE pause does not require a large size of buffer to store, as the service itself may also be terminated during RAN overload event.
Proposal 7:Reply SA4 that “The duration of a RAN overload may last long. However, RAN should guarantee the temporary stop does not last long by controlling the buffer size limitation for stored QoE measurement report. ”
Proposal 8:Reply SA4 that “Configuring UE with a limited duration or a limited buffer size for storing QoE report during QoE pause could help to avoid RAN overload recurrence during QoE resume”.
Proposal 9:Reply SA4 that “From RAN2 point of view, QoE pause may not reduce overload situation at NG-RAN if the required average QoE load per application is smaller than 100bits/sec. RAN2 suggests SA4 to check with SA5 on the purpose and effectiveness of introducing QoE pause during RAN overload”.
Proposal 10:During QoE pause, QoE reports are stored at AS layer with a limited buffer size.
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