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Introduction
At the RAN3#112-e meeting, the following was agreed (including some FFS):
Introduce a new IE "QoE Reference" explicitly over interfaces at least for s-based, whether it can be applied to m-based and whether it is per service type or per slice depends on feedback from SA5
Introduce a new IE "Measurement Collection Entity IP Address", FFS whether it is per service type or per "QoE Reference" depends on feedback from SA5
Include slice info as explicit IE in the configuration message over NG, FFS whether it should be also included inside the transparent configuration container; FFS whether slice info should be signalled as an explicit IE in the configuration message and in the report message over radio interface.
Introduce the following additional new IEs: 
- a list of UE Application layer measurement configuration IE for each service type. 
- inside each UE Application layer measurement configuration IE:
- Container.
- a numerated IE indicating service type (e.g., Streaming services, MTSI services, VR, MBMS, XR).
- Area scope (a list of cells/TA/TAI/PLMN).
- Slice scope (FFS a list of S-NSSAI).
Additional IEs are FFS, FFS on the detail of IE names
The following issues are to be discussed further:
Further details on how slice info should be reflected in the configuration info and report message.
Stage 3 details, e.g. whether Measurement Collection Entity IP Address and QoE reference ID is per service type or not, slice scope, etc.
Whether and how to support of roaming UEs.
Whether a pause indication is needed, as guidance from OAM/CN to RAN for handling in case of RAN overload.
Whether a prioritization mechanism of different service types or slices is needed for the RAN to pause or release ongoing QoE measurements in case of RAN overload.
Whether a prioritization mechanism is needed for UE to send to RAN pending QoE reports when RAN overload is solved.
Whether to introduce any or all of these criteria, including one or more time-based, one or more threshold-based and one or more event-based, as conditions for triggering/stopping the QoE measurement.
Furthermore, RAN3 received an LS on QoE configuration and reporting related issues from RAN2 in R3-213124 (R2-2106776) requesting for feedback on several issues.
This paper discusses the way forward with respect to the above issues and agreements. A corresponding NGAP CR is given in R3-213318. Mobility-related aspects are discussed in R3-213319.
Discussion
Various aspects of QoE configuration and reporting are discussed below.
Supported service types for QoE
The TR 38.890 captured that the following service types are supported in NR QoE management, where additional services are not precluded:
· Streaming services,
· MTSI services,
· VR,
· MBMS,
· XR.
We note that MBMS has been de-prioritized in the WI, so we propose to exclude it from Rel-17 work.
We also propose to exclude “XR” from Rel-17 work. In fact, our understanding is that SA4 QoE metrics are currently available for “streaming” (3GPP TS 26.247), “MTSI” (3GPP TS 26.114) and “VR” (3GPP TS 26.118), and no specific QoE metric is designed for “XR”. Furthermore, as described in TR 26.928, clause 4.1.1 the term Extended Reality (XR) is an umbrella term including Virtual Reality (VR), Augmented Reality (AR) and Mixed Reality (MR): 
Extended reality (XR) refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as AR, MR and VR and the areas interpolated among them.
Proposal 1: The following service types are supported for NR QoE management in Rel-17:
· Streaming services,
· MTSI services,
· VR.
[bookmark: _Ref75959688]QoE configuration
To clarify some pending details related to QoE configuration, we propose that RAN can receive over NGAP the following common set of parameters for both signalling-based QoE and management-based QoE:
· a “QoE measurement configuration List” IE, including a list of “QoE measurement configuration Item” IE, with at least one “QoE measurement configuration Item” per service type for which the measurements are requested.
· within a “QoE measurement configuration Item” IE:
· [bookmark: _Hlk75956262]a QoE Reference, that uniquely identifies a QMC request from OAM, and which is composed as follows: MCC + MNC + QMC ID. Herein, the MCC and MNC are coming with the QMC activation request from OAM to identify one PLMN containing the management system, and QMC ID is a 3-byte octet string that identifies a QoE measurement collection job (see TS 28.405, Clause 5.2).a Measurement Configuration Application Layer ID, used by the RAN to identify a specific QoE measurement configuration sent to the UE.
· a container for application layer measurement configuration, encoded as OCTET STRING.
· a service type indication, encoded as ENUMERATED, with values associated to “streaming”, “MTSI” and “VR”.
· an area scope as CHOICE among a list of cells, a list of TAs, a list of TAIs and a list of PLMNs.
· an optional slice scope, containing a list of S-NSSAIs per PLMN (discussed in Section 2.5).
· an MCE IP address, or, alternatively, an MCE URI.
Proposal 2: For signalling-based QoE and for management-based QoE, an NG-RAN node can receive a “QoE measurement configuration List” IE, including a list of “QoE measurement configuration Item” IE, with at least one “QoE measurement configuration item” per service type for which the measurements are requested. A “QoE measurement configuration Item” can contain:
· a QoE Reference, consisting of MCC + MNC + QMC ID.
· a Measurement Configuration Application Layer ID.
· a container for application layer measurement configuration.
· a service type indication as ENUMERATED with values “streaming”, “MTSI” and “VR”.
· an area scope indication as CHOICE among lists of “cells”, “TAs”, “TAIs” and “PLMNs”.
· an optional slice scope, containing a list of S-NSSAIs per PLMN.
· an MCE IP address, or, alternatively, an MCE URI.
We also propose to RAN3 to discuss the introduction of the following additional common set of parameters, for both signalling-based QoE and management-based QoE:
· A “time-based criterion” IE. A possible use case for this would be an operator identifying a period of the day of particular interest for collecting QoE measurements. OAM can specify a start time and a stop time for configuring UE for QoE measurements in UTC format (e.g., using a similar encoding as timeInfoUTC IE within SIB9 in TS 38.331)
timeInfoUTC         INTEGER (0..549755813887)
For example, the “time-based criterion” IE can contain the start time and the stop time for configuring UE for QoE measurement encoded by qOEStartTimeInfoUTC, qOEStopTimeInfoUTC

· An “event-based criterion” IE. A possible use case for this would be an operator interested to collect QoE measurements if certain radio channel quality (e.g., in poor coverage) or predefined network events are fulfilled. OAM can specify configuration parameters that RAN can check before sending a QoE configuration to the UE. For example, the “event-based criterion” IE can contain an “a2Event” IE, to signal a level of radio channel quality (RSRP or RSRQ). The RAN can check if the event-based criterion is fulfilled before sending a QoE configuration to the UE.
Proposal 3: RAN3 to discuss to add as part of a QoE configuration for both signalling-based QoE and management-based QoE:
· an optional time-based criterion IE to identify time intervals for configuring QoE measurements.
· an optional event-based criterion IE to identify conditions for configuring QoE measurements.
UE capabilities
Similar to LTE, it is necessary for RAN to signal to 5GC the UE capabilities to perform application layer measurements, so that UE capability check can be performed before a QoE configuration is executed. To achieve that, NGAP signalling can be enhanced, and the INITIAL UE MESSAGE and the UE RADIO CAPABILITY INFO INDICATION messages seem to be a reasonable choice. We also need to consider that, compared to LTE, a UE can be configured for QoE measurements for different service types at same time. Therefore, we propose to add to NGAP INITIAL UE MESSAGE and to UE RADIO CAPABILITY INFO INDICATION messages a new IE to indicate “QoE measurement capabilities” containing:
· a “UE Application Layer Measurement Capability” IE, as a BIT STRING similar to the LTE “UE Application Layer Measurement Capability” IE defined in TS 36.413, where one bit set to 1 in a specific position indicates that UE supports QoE measurement for a given service. The size of the BIT STRING needs to be discussed. In any case, we think that an extension compared to the LTE counterpart (8 bits) should not be precluded.
· a “Max Number of UE Application Layer Measurements”, for example an INTEGER. This could be used to indicate the maximum number of simultaneous ongoing QoE measurements a UE can perform or, alternatively the maximum number of QoE configurations a UE can be configured with. RAN2 needs to be consulted to confirm this (see Proposal 6 below).
Proposal 4: Extend NGAP INITIAL UE MESSAGE and UE RADIO CAPABILITY INFO INDICATION messages with a new QoE measurement capabilities IE to include a UE Application Layer Measurement Capability and a Max Number of UE Application Layer Measurements.
QoE reporting
According to a RAN2 agreement, RAN can receive QoE reports only if SRB4 is configured for the UE. In that respect, a solution is needed to pause and resume QoE reporting, if necessary, for example in case of RAN overload. Pause and resume of QoE reporting can apply for stationary UEs, in case of UE mobility or in case of UE Context retrieval at UE resume.
We can distinguish two parts of the solution:
1) RAN to UE signalling: In this case, RAN sends a “pause” indication or a “resume” indication to the UE. 
2) Inter-RAN node signalling (e.g., at UE mobility or at UE Context retrieval at UE Resume): For this part, we can identify a source node and a target node, where, for UE mobility, the source node is the source node for mobility and the target node is the target node for mobility. For UE Context retrieval at UE resume, the source node is the node receiving the request of UE Context retrieval, the target node is the node used by the UE at resume.
We can distinguish several cases depending on the actions performed by the two nodes:
a) Source node pauses QoE reporting, target node resumes QoE reporting
b) Source node pauses QoE reporting, target node does not resume (or wants to pause) QoE reporting
c) Source node does not pause (or does resume) QoE reporting, target node pauses QoE reporting 
d) Source node does not pause (or does resume) QoE reporting, target node does not pause QoE reporting
The source node needs to send to the target node an indication of the ongoing status of QoE reporting (if it paused), so that the target node can take the appropriate action, e.g., send a reconfiguration to the UE to resume a paused QoE reporting.
The solution can be designed to pause QoE reporting for all services or QoE reporting per service. 
As initial solution, for Rel-17 we propose a simplified approach, pausing QoE reporting for all services.
Proposal 5: In the following messages: 
· XnAP: HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE
· NGAP: HANDOVER REQUEST and HANDOVER REQUIRED
add a new QoE reporting status IE to indicate if QoE reporting is paused for all services.
[bookmark: _Ref75856045]Proposal 6: Send an LS to RAN2 that:
· Asks RAN2 to specify a definition and an appropriate value for “Max Number of UE Application Layer Measurements”, i.e., the maximum number of simultaneous ongoing QoE measurements a UE can perform or, alternatively the maximum number of QoE configurations a UE can be configured with.
· Asks RAN2 to specify how to pause and resume QoE reports for all services.
Per-slice QoE
RAN3 has agreed that per-slice QoE is of interest, and it is FFS how to support it. To sketch the solution, we recall some concepts first.
QoE measurements can be used to monitor SLA fulfillment for one or more services, for one user or a group of users. In the context of an SLA, the word “service” refers to “end-user service” (e.g., streaming, MTSI, etc.) and maps to a “service type” signaled to RAN as part of a QoE configuration, outside the application layer container. RAN supports the realization of the “end-user service” with different “connectivity services”.  
From TS 23.501, we note that:
· in clause 5.15.2.1, it is said that “an S-NSSAI identifies a Network Slice”
· in clause 5.15.1, it is said that Network Slices can be deployed with different S-NSSAIs:
Network slices may differ for supported features and network functions optimisations, in which case such Network Slices may have e.g. different S-NSSAIs with different Slice/Service Types (see clause 5.15.2.1). The operator can deploy multiple Network Slices delivering exactly the same features but for different groups of UEs, e.g. as they deliver a different committed service and/or because they are dedicated to a customer, in which case such Network Slices may have e.g. different S-NSSAIs with the same Slice/Service Type but different Slice Differentiators (see clause 5.15.2.1).
Note: in the context of TS 23.501 the wording “Service Type” has a different meaning compared to “streaming service” or “MTSI”, and the term “Slice/Service Type” (SST) refers to an expected Network slice behaviour in terms of features and services. The standardized SST values are listed below (Table 5.15.2.2-1 in TS 23.501):
	Slice/Service type
	SST value
	Characteristics

	eMBB

	1
	Slice suitable for the handling of 5G enhanced Mobile Broadband.

	URLLC
	2
	Slice suitable for the handling of ultra- reliable low latency communications.

	MIoT
	3
	Slice suitable for the handling of massive IoT.

	V2X
	4
	Slice suitable for the handling of V2X services.



From RAN point of view, multiple PDU sessions can be active for a UE at the same time, but there is always a one-to-one mapping between one PDU Session and one S-NSSAI (see e.g. TS 38.413, clause 9.2.1.1, PDU SESSION RESOURCE SETUP REQUEST message)

	PDU Session Resource Setup Request List
	
	1
	
	
	YES
	reject

	>PDU Session Resource Setup Request Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session NAS-PDU
	O
	
	NAS-PDU
9.3.3.4
	
	-
	

	>>S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	>>PDU Session Resource Setup Request Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	



During the lifetime of a PDU Session, the original S-NSSAI used for a PDU Session can change, if RAN receives a PDU SESSION RESOURCE MODIFY REQUEST including an S-NSSAI IE (see TS 38.413, clause 8.2.3.2)
For each PDU session, if the S-NSSAI IE is included in the PDU Session Resource Modify Request Item IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node shall replace the previously provided S-NSSAI by the received S-NSSAI for the concerned PDU session and use it as specified in TS 23.502 [10].
Observation 1: At a given time, a PDU Session is only mapped to one S-NSSAI, and the S-NSSAI used for the PDU Session can change due to a PDU Session Resource Modify procedure.
We think that a RAN solution for per-slice QoE should support two independent aspects (or use cases):
· QoE configuration: for this case, S-NSSAI(s) are used to scope QoE measurements for S-NSSAI(s) of interest.
· QoE reporting: for this case, S-NSSAI(s) are used for analysing QoE measurements.
Depending on the purpose of QoE data collection, a QoE configuration can include a slice scope parameter or not. For example, if an operator is interested to collect QoE data regardless of the S-NSSAI used (or for all S-NSSAIs), the slice scope parameter of QoE configuration can be omitted (i.e., meaning “no filter”).
Independently of the QoE configuration, there may be an interest (outside RAN, or for the case of RAN visible QoE, at RAN level) to analyse QoE measurements associated to a given S-NSSAI (or to a set of S-NSSAIs). This can be obtained if the UE signals to RAN (outside the application layer container) which S-NSSAI a given QoE report refers to. 
Observation 2: S-NSSAI can be used to support: 1) QoE configuration, as scope parameter; and 2) QoE reporting, as parameter used for analysis
Based on the above, we think that a possible RAN solution to support per-slice QoE can be:
· The RAN receives a QoE configuration for a service type, containing the reference to the consumer of the QoE report (MCE) and optionally one or more S-NSSAIs as scope parameter for the measurements of the service type.
· The RAN checks if a UE is eligible to perform per-slice QoE measurements, i.e., if a PDU Session is set up for that UE and the PDU Session is mapped to one of the S-NSSAIs received in the configuration.
· The RAN configures the UE for QoE measurements and the S-NSSAI mapped to the PDU Session is sent to the UE together with other parts of the QoE configuration, outside the application layer container containing the QoE configuration.
· If the RAN is requested to modify S-NSSAI by 5GC (see NGAP PDU Session Resource Modify procedure), the RAN signals to the UE that there is a new S-NSSAI associated to the QoE measurement, but the application layer specific configuration is not involved.
· The UE sends to the RAN QoE reports together with the one (or more) S-NSSAI used by the UE during the time of QoE measurements collection.
Proposal 7: Per-slice QoE measurements can be supported as follows:
· The RAN receives a QoE configuration with a list of S-NSSAIs per service type.
· The RAN sends a QoE configuration to the UE and includes, outside the application layer container, the S-NSSAI mapped to PDU Session set up for the UE.
· In case of S-NSSAI change due to PDU Session Resource Modify procedure execution, the RAN sends to a UE the new S-NSSAI.
· The RAN receives from the UE QoE reports which include, outside application layer container, the S-NSSAI(s) used by the UE during QoE measurement collection.
The reply to the RAN2 LS
The LS R3-213124 (R2-2106776), has been received requesting RAN3 to provide feedback on two issues.
Issue 1: Modify the QoE measurement configuration to UE
RAN2 is discussing QoE configuration signalling support, and RAN2 agreed QoE configuration are encapsulated in a transparent container in the RRC messages. RAN2 does not see the scenario that a QoE measurement configuration already configured in the UE will be modified for e.g., a certain service type or a QoE Reference, and assumes modification is not supported in RRC signalling. RAN2 would like SA5/RAN3 to confirm this assumption.
Concerning this first issue, NGAP PDU Session Resource Modify procedure needs to be considered.
If QoE measurements are ongoing for a service type and for a given S-NSSAI, as a possible outcome of PDU Session Resource Modify procedure, a RAN node can replace the current S-NSSAI with a new one that is not valid in terms of “slice scope” (i.e., the RAN node received a non-empty list of S-NSSAIs in the QoE configuration and the new S-NSSAI is not included in the list). In this case a problem similar to the one of a UE moving to a RAN node that does not support QoE or is outside area scope will arise (discussed in R3-213319).
If the new S-NSSAI is valid from a “slice scope” point of view, one way to solve the situation is that RAN signals to the UE the new S-NSSAI associated to the QoE measurement, and no modification is applied to the existing application layer specific configuration. Note that releasing the existing QoE configuration while the application session is ongoing (and discarding the complete session) contradicts the SA4 requirements. 
If the new S-NSSAI is not within the slice scope, this means that it is not interesting to obtain QoE measurements for that S-NSSAI, and the simpler solution seems to release the QoE configuration to avoid that QoE measurements associated to the “old” S-NSSAI would be combined with QoE measurements associated to the new “S-NSSAI”. 
Observation 3: An LS to RAN2 is needed to inform that QoE modification is needed in case of S-NSSAI change. RAN2 to take the above into account and specify the necessary RRC signalling.
Issue 2: Provide multiple QoE measurement configurations for one certain service type
RAN2 is discussing QoE configuration and reporting signalling support, and some companies mention it is possible that multiple QoE measurement configurations can be provided to UE for one certain service type, e.g. different QoE measurement configurations for different slices may be applied to one service type, or different QoE measurement configurations may be applied for different application providers. RAN2 would like to check with SA5/RAN3 whether it is possible to provide multiple QoE measurement configurations for one certain service type?
RAN3 is also defining network signalling to support QoE configuration and reporting, and the RAN3#112-e agreement states that RAN can receive a list of application layer containers and for one application layer container at least one service type for which the measurements are requested is signalled and a slice scope (FFS a list of S-NSSAI). The signalling structure does not preclude the case where RAN receives two application layer containers associated to the same service type but different slice scope. We see no reason to restrict the QoE configuration to only one measurement per service type, so it is considered useful to have this possibility from the beginning.
Proposal 8: RAN3 to agree a draft LS reply to RAN2 in R3-213323 informing RAN2 that:
· RAN3 has already agreed that multiple measurement configurations for the same service type can be configured at a UE.
· QoE configuration modification is needed in case of change of S-NSSAI.
In R3-213318 we have provided a CR for TS 38.413, capturing the conclusions of the discussion above.
Proposal 9: Agree the CR for TS 38.413 in R3-213318. 
Conclusion
[bookmark: _In-sequence_SDU_delivery]In previous sections we observe the following:
Observation 1: At a given time, a PDU Session is only mapped to one S-NSSAI, and the S-NSSAI used for the PDU Session can change due to a PDU Session Resource Modify procedure.
Observation 2: S-NSSAI can be used to support: 1) QoE configuration, as scope parameter; and 2) QoE reporting, as parameter used for analysis
Observation 3: An LS to RAN2 is needed to inform that QoE modification is needed in case of S-NSSAI change. RAN2 to take the above into account and specify RRC signalling.
Based on the observations, the following is proposed:
Proposal 1: The following service types are supported for NR QoE management in Rel-17:
· Streaming services,
· MTSI services,
· VR.
Proposal 2: For signalling-based QoE and for management-based QoE, an NG-RAN node can receive a “QoE measurement configuration List” IE, including a list of “QoE measurement configuration Item” IE, with at least one “QoE measurement configuration item” per service type for which the measurements are requested. A “QoE measurement configuration Item” can contain:
· a QoE Reference, consisting of MCC + MNC + QMC ID.
· a Measurement Configuration Application Layer ID.
· a container for application layer measurement configuration.
· a service type indication as ENUMERATED with values “streaming”, “MTSI” and “VR”.
· an area scope indication as CHOICE among lists of “cells”, “TAs”, “TAIs” and “PLMNs”.
· an optional slice scope, containing a list of S-NSSAIs per PLMN.
· an MCE IP address, or, alternatively, an MCE URI.
Proposal 3: RAN3 to discuss to add as part of a QoE configuration for both signalling-based QoE and management-based QoE:
· an optional time-based criterion IE to identify time intervals for configuring QoE measurements.
· an optional event-based criterion IE to identify conditions for configuring QoE measurements.
Proposal 4: Extend NGAP INITIAL UE MESSAGE and UE RADIO CAPABILITY INFO INDICATION messages with a new QoE measurement capabilities IE to include a UE Application Layer Measurement Capability and a Max Number of UE Application Layer Measurements.
Proposal 5: In the following messages: 
· XnAP: HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE
· NGAP: HANDOVER REQUEST and HANDOVER REQUIRED
add a new QoE reporting status IE to indicate if QoE reporting is paused for all services.
Proposal 6: Send an LS to RAN2 that:
· Asks RAN2 to specify a definition and an appropriate value for “Max Number of UE Application Layer Measurements”, i.e., the maximum number of simultaneous ongoing QoE measurements a UE can perform or, alternatively the maximum number of QoE configurations a UE can be configured with.
· Asks RAN2 to specify how to pause and resume QoE reports for all services.
Proposal 7: Per-slice QoE measurements can be supported as follows:
· The RAN receives a QoE configuration with a list of S-NSSAIs per service type.
· The RAN sends a QoE configuration to the UE and includes, outside the application layer container, the S-NSSAI mapped to PDU Session set up for the UE.
· In case of S-NSSAI change due to PDU Session Resource Modify procedure execution, the RAN sends to a UE the new S-NSSAI.
· The RAN receives from the UE QoE reports which include, outside application layer container, the S-NSSAI(s) used by the UE during QoE measurement collection.
Proposal 8: RAN3 to agree a draft LS reply to RAN2 in R3-213323 informing RAN2 that:
· RAN3 has already agreed that multiple measurement configurations for the same service type can be configured at a UE.
· QoE configuration modification is needed in case of change of S-NSSAI.
Proposal 9: Agree the CR for TS 38.413 in R3-213318.
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