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1	Introduction
In RAN#91 meeting, a new WID on NR QoE management and optimizations for diverse services [1]. The objectives of this WID includes the followings:
	· 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.
· 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).



During RAN2#113bis-e meeting the following agreements on this topic were made:
	· The UE Inactive AS context includes the UE AS configuration for the QoE (it is not released when UE goes to Inactive).

· From RAN2 point of view, the UE shall follow gNB commands and, NG-RAN can in principle release by RRC the application layer measurement configuration towards the UE at any time, e.g. if required due to load or other reasons (Note that other WGs are responsible to define the normal system procedures for release and which nodes are responsible etc).

· “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, we discuss advantages and disadvantages of the options RAN2 decided to consider for QoE report pause and resume mechanism, as well as QoE measurement handling in RRC INACTIVE state.

2	QoE measurement during RAN overload
2.1	Release of QoE reporting
As mentioned in the introduction section, RAN2 agreed that in some cases RAN may need to release an existing QoE configuration from the UE. The main motivation is to address situation where the load in the network is very high or the UE has moved out of the area of QoE measurement. In both these cases, it may happen that the UE has some unsent reports for this QoE configuration. It is worth clarifying that upon release of a certain QoE configuration, all reporting activity related to this configuration should be stopped by the UE and any unsent reports should be therefore discarded by the UE.
Proposal 1: When RAN orders the UE to release a QoE configuration, a UE releases the QoE configuration, stops reporting for this QoE configuration and discards any unsent QoE reports for this QoE configuration.
2.2	Pause/Resume at the RAN overload
According to the WID [1], RAN2 needs to discuss the QoE measurement handling at RAN overload, including pause and resume of QoE measurement reporting. In section 6.5 of the TR [2], it is indicated that RAN can stop new QoE measurement configurations, release existing QoE measurement configurations and pause QoE measurement reporting in the case of RAN overload. Therefore, RAN2 will have to design the pause and resume mechanism to handle RAN overload. In the last meeting, RAN2 has agreed to use the RRC signalling to indicate the UE to pause or resume the QoE report.
	6.5 	QoE measurement handling at RAN overload
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.


In case the UE is configured with multiple QoE configurations, it would be beneficial to allow the network to pause reporting for only some of the configurations (similarly as it is possible to release only some of the configurations). 
Proposal 2: In order to temporarily pause QoE reporting from a UE, e.g. during RAN overload, RAN can send the QoE reporting pause command to the UE in the DL RRC message, which indicates QoE configurations (one or more) for which the reporting should be paused.
With respect to pause/resume mechanism, RAN2 shortlisted three options during RAN2#113bis-e meeting, which are mainly differentiated by the layer which is responsible to store the QoE reports generated during the time where the UE is not able to send them to the network due to “pause” indication having being received by the UE”
· In option 1, it is the application layer responsibility to store the QoE reports
· In option 2, QoE reports are stored at the AS layer
· In option 3, QoE reports are not stored at any layer during QoE pause period and are discarded by the UE
With respect to this topic, there was also some work already performed by SA5 and SA4 provided their input on this topic in the LS in Rel-16:
· SA5 captures a solution to handle QoE pause/resume in TS 28.405, section 4.2.3: „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.”
SA5 approach is transparent to AS layer, i.e. application layer is informed about the pause command received from the network and suspends QoE reporting until resume indication is received, i.e. it is in line with option 1 shortlisted by RAN2.
· SA4 in their LS in R2-2100076 indicated that:
· “Regarding temporary stop and restart, SA4 agrees that this seems to be a useful functionality to handle temporary RAN overload. However, as we also stated in the above reply, SA4 believes that there should be no need for involving the application in this scenario.”
· “The temporary stop and restart is a generic service-agnostic functionality which can be handled directly at RAN level in the UE, whenever any temporary RAN overload is seen. SA4 thus decided to not implement this functionality at the application level.”
SA4 approach is then in line with option 2 shortlisted by RAN2.
Observation 1: SA5 approach is in line with option 1, and SA4 approach is in line with option 2.

From RAN2 perspective, it is important to analyze impacts of different options on AS layer, together with their technical merits and there are two main points that need to be considered before making the decision, i.e. storage capacity and report handling when it is exceeded. In the below, we focus on analyzing options 1 and 2, since option 3 is rather a fallback solution as all the QoE reports generated during pause indication would be lost if it is applied.
In general, the following aspects have to be considered for QoE report handling:
· Storage capacity:
· Memory resources at UE AS layer are very scarce as UE uses its RAM memory at AS layer. For example, for logged MDT, the maximum size of the MDT measurements that can be stored is 64 kBytes and it does not seem feasible to allow more capacity in case of QoE reports. This would mean that AS layer would be capable of storing only eight reports of maximum size or even less in case the 8kBytes limitation is lifted. This can be especially problematic for periodic reports where the number of reports during pause may be very high. The problem may be even larger in case both MDT and QoE are enabled at the UE as the storage capacity in this case might have to be shared between these two features.
· Application layer on the other hand may utilize UE’s internal storage drives, which in the contemporary devices offers tens or hundreds of gigabytes of capacity. Therefore, much more reports could be stored with minimal risk of exceeding the storage capacity.
· What to do when the maximum storing capacity is exceeded:
· This is especially relevant for option 2 as the storing capacity there will be very limited while for option 1 this issue practically does not exist.
· There are numerous options about what to do when the storage capacity at AS layer is exceeded:
· The UE may simply discard all subsequent reports from application layer. However, this may lead to situations where such reports will be useless for the collecting entity as SA4 normally requires that all reports from a certain QoE session are needed, or otherwise the whole measurement session is discarded, as indicated by SA4 in [3]: “Due to the intended usage of the QoE reports, fragmented QoE reports covering only parts of a session are not very useful. For instance, to be able to apply the ITU-T standard P.1203 on the reported QoE metrics, the complete session must always be covered.”
· There could be some prioritization rules about which reports should be stored and which discarded in the first place. This however would either require some network signaling to guide the UE’s AS layer or some AS layer to application layer interactions, so that AS layer is aware which reports to prioritize. With the former approach, it is unclear how the network would get the prioritization rules (probably some OAM/CN to RAN signaling would have to be specified) while the latter would require guidance from SA4 and additional work in SA4. 
· Another question that has to be discussed by RAN2 for option 2 is how long the UE should store the reports and what happens to them when the UE goes to INACTIVE/IDLE state, e.g. are they released or stored until the UE reconnects with the network?
Based on the above, then following observations can be made:
Observation 2: Option 1 offers much more storage capacity for the QoE reports. For option 2, the number of stored QoE reports is very limited, especially when both MDT and QoE are enabled at the UE simultaneously. If option 2 was to be chosen by RAN2, SA4 should verify whether the storage capacity limitations for QoE during QoE pause are acceptable from their perspective.
Observation 3: Option 2 requires discussions about handling of QoE reports when the maximum storage capacity is reached. At least SA4 would have to be included in these discussions to ensure that SA4 requirements are met.
Therefore, option 2 would actually require much more coordination with other WGs than option 1. At the same time, there seems to be no technical advantage of option 2 over option 1. Some companies mentioned that with option 2 there is more control in RAN over QoE reports, but we do not see this as an advantage. RAN2 agreed that QoE reports are transparent to RAN and therefore RAN has no knowledge about the priorities of the reports etc. Hence, it would rather be preferred that QoE reports are handled by the application layer. Another argument that was mentioned is that RAN may need to handle a peak of reports from application layer when the resume indication is received by the UE. However, this issue is common for both options under the assumption that the same storage limitation for QoE reports is available. RAN2 may further discuss whether peak of reports is really an issue and if it is, then the limitation can be applied at either AS or application layer.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 4: There seems to be no technical advantage of option 2 over option 1 and option 2 requires RAN2 to coordinate with SA4 on the aspects such as storage capacity and QoE report handling upon reaching maximum storage capacity.
The table below captures a summary of advantages and disadvantages of the three options.
Table 1: Comparison of option 1, 2 and 3
	 
	Advantages
	Disadvantages

	Option 1. QoE reports during “pause” are stored at application layer (RAN transparent approach)
	· There is no need to store the QoE reports in AS layer, which utilizes RAM memory which is a scarce resource. On the other hand, application layer can have an access to UE internal storage, which is much larger (tens or hundreds of gigabytes)
· Very limited impact to RAN2 specifications as there is no need to discuss details of QoE reports storing in AS layer (e.g. maximum storing time, maximum size of stored reports, priorities etc.) or to define reporting of stored QoE reports after resume is indicated (i.e. QoE reports are handled in the same way as during normal operation)
· SA5 has already defined a solution for LTE which can be easily reused
· Application layer has better knowledge about which reports require storing and which can be discarded when the storage capacity is reached
· Aligned with the principle of transparent handling of QoE reports at RAN
	· Application layer behavior upon reception of pause/resume indications may need to be specified by SA4

	Option 2. QoE reports during “pause” are stored at AS layer (application transparent approach)
	· Application layer is unaffected
	· The QoE reports need to be stored at AS layer, which has very limited storage capacity
· It will take some efforts for RAN2 to discuss open issues, e.g. the details of QoE reports storage and reporting after UE receives pause/resume indications
· RAN and AS layer is not aware of QoE reports priority, e.g .to ensure QoE measurement session completeness, and interactions with application layer would have to be specified
· For some discussions, SA4 may need to be consulted in order to ensure SA4 requirements are met

	Option 3. AS discards the QoE reports received from application layer during “pause” (RAN transparent approach)
	· There is no need to store the QoE reports in AS layer, which utilizes RAM memory which is a scarce resource
· Application layer may or may not buffer the QoE data during pause, which can be decided by SA4
· Very limited impact to RAN2 specification
	· If SA4 decides not to do anything, the QoE reports sent by application layer during pause will be lost



In the past, SA4 and SA5 had some preferences on solutions, and they also gave some analysis. However, based on the above technical analysis and comparison, we feel that different options have significantly different impacts to RAN2, SA4 and potentially other WGs. Hence, we think that RAN2 should have full analysis before making a decision, otherwise, there is a risk that RAN2 choose a solution but which requires high workload in RAN2 and other WGs. Based on table 1, we think option 2 has more disadvantages than other options, and it was not fully discussed during SI phase. On the other hand, we are also open to see if option 2 can be simple enough or not (e.g. with very limited RAN2 impacts and without requiring significant co-ordinations between RAN2 and other WGs).
Proposal 3: It is proposed RAN2 to adopt option 1,  i.e. RAN2 assumes that “pause” and “resume” commands for a QoE configuration are forwarded by the UE to application layer. After receiving a “pause” indication from the UE, application layer will stop sending reports to RRC layer and only continue to do so after receiving “resume” indication from the UE. An LS to SA4 should be sent to confirm this understanding.

3	Resume upon transition from RRC_INACTIVE
RAN2 agreed that the UE Inactive AS context includes the UE AS configuration for the QoE, i.e. it is not released when UE goes to Inactive. The goal is to avoid a necessity of resending the QoE configuration when the UE moves back to RRC Connected state. When the connection is resumed in another gNB, the gNB will find out whether the UE is configured with QoE measurements based on the context it fetches from the anchor node. However, the new gNB may want to release the QoE measurement configuration, e.g. due to RAN overload or because some configurations may be invalid in the new gNB. It should be then possible for the new gNB to decide whether to restore or release the QoE measurement configuration during RRC resume procedure. To achieve that, a similar approach can be used as for DCCA enhancements where the network can decide whether the UE should keep its SCells or SCG configuration when resuming the connection by using restoreMCG-SCells and restoreSCG parameters. Similarly, the gNB could include the flag in RRCResume message telling the UE whether the QoE measurements should be kept or released. 
Proposal 4: The target node can indicate whether the UE should restore or release its QoE configuration during RRC resume procedure.
Furthermore, it is important to note that QoE configurations may be handled differently for signalling based and for management based QoE activations. In LTE, the QoE measurement is activated by Trace function from the MDT framework.
	[bookmark: _Toc20403379][bookmark: _Toc29372885][bookmark: _Toc37760849][bookmark: _Toc46499089][bookmark: _Toc52491402]23.16	Application Layer Measurement Collection
This function enables collection of application layer measurements from the UE. The supported service types are QoE Measurement Collection for streaming services and QoE Measurement Collection for MTSI services. The feature is activated by Trace Function from the MDT framework (see clause 19.2.1.17 and TS 37.320 [43]). Both signalling based and management based initiation cases are allowed. For the signalling based case, the Application Layer Measurement Collection is initiated towards a specific UE from CN nodes using the MDT mechanism as described in clause 5.1.3 of TS 37.320 [43]; for the management based case, the Application Layer Measurement Collection is initiated from OAM targeting an area (without targeting a specific UE).


According to section 5.1.2.3 of 37.320, only the signalling based MDT configuration will propagate during handover.
	In addition, MDT configuration handling during handover depends on MDT initiation from OAM defined in clause 5.1.3:
-	The MDT configuration configured by management based trace function will not propagate during handover.
-	For LTE, the MDT configuration received by signalling based trace messages for a specific UE will propagate during intra-PLMN handover, and may propagate during inter-PLMN handover if the Signalling Based MDT PLMN List is available and includes the target PLMN. This behaviour applies also for MDT configuration that includes area scope, regardless of whether the source or target cell is part of the configured area scope.
-	For UMTS, the MDT configuration received by signalling based trace messages for a specific UE will continue during intra-PLMN handover, and may continue during inter-PLMN handover if the Signalling Based MDT PLMN List is available and includes the target PLMN, except for the case of SRNS relocation.
-	For NR, the MDT configuration received by signalling based trace messages for a specific UE will propagate during intra-PLMN handover, and may propagate during inter-PLMN handover if the Signalling Based MDT PLMN List is available and includes the target PLMN. This behaviour applies also for MDT configuration that includes area scope, regardless of whether the source or target cell is part of the configured area scope.
NOTE:	In the case of SRNS relocation, MDT may be reactivated by the Core Network following a successful relocation.


Therefore, in LTE, the source eNB only explicitly forwards the signalling based QoE configuration to the target eNB via the X2 interface. On the other hand, according to TS 36.331, the source eNB also transfers the RRC configuration information as a container to the target eNB for the target eNB to determine the need to change the RRC configuration during the handover preparation phase. The RRC configuration information includes the QoE measurement configuration that has been sent to the UE in both signalling based QoE measurement and management based QoE measurement. 
Observation 5: In LTE, only the QoE configuration received by the signalling based QoE will propagate during handover in the X2AP signalling. The RRC container in the handover request includes the QoE measurement configuration that has been sent to the UE in both signalling based QoE and management based QoE.
For the management based QoE measurement, considering a fact that the target gNB may also have received a management based QoE measurement request from OAM, during UE handover it is up to the target node to decide whether to keep the UE’s current QOE configuration or configure a new one based on target node’s local configuration. For example, the target eNB can compare whether the QoE measurement configuration in the UE is the same as the QoE measurement configuration received from the OAM. If they are different, the target eNB can release the QoE measurement of the source eNB and configure a new one. If they are the same, the target eNB can keep the original one. If the target eNB does not receive the configuration from the OAM, it can release the QoE configuration. 
During SI phase of NR QoE work, RAN3 has agreed that the signalling based QoE measurement configuration transfer is supported on the Xn and NG interfaces. The transfer of management based QoE measurement configuration is still FFS.
	[bookmark: _Toc63597213][bookmark: _Toc63666547][bookmark: _Toc63698358][bookmark: _Toc63722793][bookmark: _Toc63723238]6.6 	Support for Mobility 
Seamless mobility is a key functionality in NR and its impacts should be measurable at the application layer. To enable measuring the impact of the mobility on the application and users’ QoE, it is required to support QoE measurement reporting continuity in intra-system intra-RAT intra-node and inter-node mobility scenarios: for intra-node mobility for both management-based and signalling-based QoE. At least signalling-based QoE supports this also in case of inter-node mobility. Support for management-based QoE will be discussed in normative phase, with respect to the "Requirements from SA WGs" below.
In LTE, to support the QoE measurement in mobility scenarios, the QoE configuration is forwarded from the source eNB to the target eNB inside the Trace Activation IE over the X2 interface. The same IE is sent over the S1 interfaces for mobility scenarios when the X2 interface is not established between the source and the target. 
In NR, to support mobility for QoE measurements in RRC_CONNECTED state, the QoE measurement configuration transfer is supported on the Xn and NG interfaces, inside the Trace Activation IE as a part of UE Application Layer Measurement Configuration IE that may contain multiple QoE configurations for multiple service types. QoE measurements in RRC_IDLE and RRC_INACTIVE state can be supported for MBS. To support keeping QoE measurement configuration in RRC_INACTIVE state mobility, QoE measurement configuration for a UE can be fetched from the node hosting the UE Context. Whether UE stores its QoE configuration when going to RRC_INACTIVE state for potential use when the UE moves back to RRC_CONNECTED state will be decided in technical specification of the procedures.


In our understanding, the management based QoE measurement targets the UEs in a specified area and RAN should configure the management based QoE measurement according to the configuration received from the OAM. Therefore, alike the principle in LTE, the source RAN does not need to forward the management based QoE measurement configuration to the target RAN in the Trace Activation IEs. The target node decides whether to continue/release the original one or configure a new one based on its local configuration and the RRC configuration received from the source node.
Observation 6: Based on TR 38.890, it is likely the NR QoE configuration handling during UE mobility will be the same as in LTE (for signalling-based vs. management-based activation).
Based on the above, for signalling-based activation, we assume that the QoE configuration will be forwarded from the source/anchor gNB to the target gNB within Xn signalling, in the same way as for connected mode mobility. That way the target gNB can verify whether the configuration should be kept or released. For management based activation on the other hand, if the target gNB receives the QoE measurement configuration directly from OAM, it can verify whether the UE is configured with the needed QoE configuration already by comparing the transparent containers from OAM and within the UEs current RRC configuration. 
Proposal 5: Inform RAN3 that for signalling-based QoE activation, in order to support QoE configuration preservation when the UE transits to RRC_INACTIVE state, the information about the applicable QoE measurement should be provided to the new gNB when fetching UE’s QoE configuration from the old gNB during UE’s RRC connection resumption procedure.
4	Conclusions
Based on the discussion in this contribution, the following is proposed for pause and resume at the RAN overload:
Observation 1: SA5 approach is in line with option 1, and SA4 approach is in line with option 2.
Observation 2: Option 1 offers much more storage capacity for the QoE reports. For option 2, the number of stored QoE reports is very limited, especially when both MDT and QoE are enabled at the UE simultaneously. If option 2 was to be chosen by RAN2, SA4 should verify whether the storage capacity limitations for QoE during QoE pause are acceptable from their perspective.
Observation 3: Option 2 requires discussions about handling of QoE reports when the maximum storage capacity is reached. At least SA4 would have to be included in these discussions to ensure that SA4 requirements are met.
Observation 4: There seems to be no technical advantage of option 2 over option 1 and option 2 requires RAN2 to coordinate with SA4 on the aspects such as storage capacity and QoE report handling upon reaching maximum storage capacity.
Proposal 1: When RAN orders the UE to release a QoE configuration, a UE releases the QoE configuration, stops reporting for this QoE configuration and discards any unsent QoE reports for this QoE configuration.
Proposal 2: In order to temporarily pause QoE reporting from a UE, e.g. during RAN overload, RAN can send the QoE reporting pause command to the UE in the DL RRC message, which indicates QoE configurations (one or more) for which the reporting should be paused.
Proposal 3: It is proposed RAN2 to adopt option 1,  i.e. RAN2 assumes that “pause” and “resume” commands for a QoE configuration are forwarded by the UE to application layer. After receiving a “pause” indication from the UE, application layer will stop sending reports to RRC layer and only continue to do so after receiving “resume” indication from the UE. An LS to SA4 should be sent to confirm this understanding.
The following is observed and proposed for the resume upon transition from RRC_INATIVE to RRC_CONNECTED:
Observation 5: In LTE, only the QoE configuration received by the signalling based QoE will propagate during handover in the X2AP signalling. The RRC container in the handover request includes the QoE measurement configuration that has been sent to the UE in both signalling based QoE and management based QoE.
Observation 6: Based on TR 38.890, it is likely the NR QoE configuration handling during UE mobility will be the same as in LTE (for signalling-based vs. management-based activation).
Proposal 4: The target node can indicate whether the UE should restore or release its QoE configuration during RRC resume procedure.
Proposal 5: Inform RAN3 that for signalling-based QoE activation, in order to support QoE configuration preservation when the UE transits to RRC_INACTIVE state, the information about the applicable QoE measurement should be provided to the new gNB when fetching UE’s QoE configuration from the old gNB during UE’s RRC connection resumption procedure.
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