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At RAN2#123 meeting, RAN2 made the following agreements on UE capability [6]:

1: Introduce an UE capability indicating whether UE can perform MBS QoE in RRC_IDLE and RRC_INACTIVE. FFS whether the same capability can be used for MBS QoE in RRC_CONNECTED.
Introduce a UE capability for the supported buffer size. It is conditionally mandatory if UE supports MBS QoE. The range is from 64 kB to 1024 kB (exact values can be discussed in RRC running CR discussion). FFS whether this is shared or additional to the Rel-17 buffer size requirement.

In this paper, we provide more analysis on UE capability.
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Overview of new QoE capabilities
The table below summarizes the UE capabilities related to QoE enhancements we believe need to be specified, together with some comments and open issues to be resolved for their definition. 

	Capability
	Potential description
	Open issues

	QoE measurements in RRC_IDLE and RRC INACTIVE states
	Indicates whether the UE supports NR QoE Measurement Collection when the UE is in RRC_IDLE and RRC_INACTIVE.
	1. Depending on whether MBS is treated as a separate QoE service type:
a. If it is, this capability can be specified as a new service type.
b. If it is not, RAN2 needs to decide whether there is a single capability for all supported QoE service types or separate ones are needed. 
2. What is a volume of minimum and additional memory sizes for storing QoE reports collected in RRC_IDLE/INACTIVE.

	AR/MR service type for QoE
	Indicates whether the UE supports NR QoE Measurement Collection for AR/MR services, see TS 26.119.
	1. SA4 is still working on AR/MR and it is not yet clear whether the work will be finalized in Rel-18. 
2. Metrics are unknown so it is unclear whether RVQoE is applicable to AR/MR. 

	SRB5 support 
	Indicates whether the UE supports configuration of SRB5 for NR QoE measurement reporting and RAN visible QoE measurement reporting (if supported by the UE) over SCG when the UE is configured with NR-DC, as specified in TS 38.331. 
	Details of the mechanism are pending progress in RAN2 and RAN3, but do not seem to be related to capabilities design.

	Support of buffer level threshold based QoE report triggering
	N/A
	In their latest LS in [8], SA4 clarified that: “SA4 has not identified any buffer level threshold-based RVQoE reporting mechanism and does not see any value in working further in this direction.” Based on this, RAN2 decided not to work on this feature further. 



In the subsequent sections we discuss open issues related to QoE enhancements capabilities under RAN2 scope.

QoE collection in RRC_IDLE/INACTIVE
RAN2 made the following agreement during RAN2#123 meeting:
1: Introduce an UE capability indicating whether UE can perform MBS QoE in RRC_IDLE and RRC_INACTIVE. FFS whether the same capability can be used for MBS QoE in RRC_CONNECTED.

Related to this, SA4 agreed on a LS [7] and SA4’s view is that the "MBS" is considered as a communication service only, which can be used to deliver the application services, e.g. DASH streaming, VR streaming. Since there are already capabilities defined for DASH, VR and streaming, the only missing piece of information is whether the UE supports QoE collection for these services also in RRC_IDLE/INACTIVE states. 
In addition, RAN2 needs to decide whether there is a single capability for all supported QoE service types or separate ones are needed. We think a single capability can be used to indicate that the UE supports QoE in all RRC states for the services for which it supports QoE measurement collection in RRC Connected state. 
For R17 and R18 QoE UE capabilities, the following table provides a summary.
	RRC States
	Capability
	Configuration

	Idle, Inactive
	R18 UE capability
	R18 QoE config (R17 QoE config + R18 extension)

	Connected
	R17 UE capability (it does not distinguish whether the UE receives QoE related services via unicast or MBS)
	R17 QoE config



Then, for a R18 UE supporting R18 QoE:
· If NW wants UE to perform QoE measurement collection only in RRC_Connected state, NW can use R17 QoE config and it is legacy behavior
· If NW wants UE to perform QoE measurement collection in all RRC states, NW can use R18 QoE config (R17 QoE config + R18 extension), which means the UE can have a unified QoE config across all RRC states. For example, the UE receives R18 QoE config in RRC_Connected state, and then goes to RRC_Idle state for performing QoE measurement collection. After it goes back to RRC_Connected state, the stored QoE config can still apply unless NW changes something

Based on this we propose the following definition of the corresponding capability:
Proposal 1: Define a UE capability, e.g. idleInactive-QoE, which “indicates whether the UE supports NR QoE Measurement Collection in RRC_IDLE and RRC_INACTIVE states for the services indicated with qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17 when these services are carried over MBS”.
Proposal 2: Clarify in the existing capability descriptions of qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17 that they apply “while the UE is in RRC CONNECTED state”.

For the memory size required for storing MBS QoE reports collected, RAN2 made the following agreement:
Introduce a UE capability for the supported buffer size. It is conditionally mandatory if UE supports MBS QoE. The range is from 64 kB to 1024 kB (exact values can be discussed in RRC running CR discussion). FFS whether this is shared or additional to the Rel-17 buffer size requirement.

In Rel-17 64kB was agreed for storing the QoE reports during RAN overload. However, the requirements for Rel-18 are very different from these in Rel-17:
1. RAN overload is a temporary situation while MBS broadcast reception in RRC_IDLE/INACTIVE/CONNECTED states is a normal mode of operation which can last even for the whole duration of the service.
2. MBS broadcast can be used to deliver many services, including, e.g. video and VR services.

For both these reasons the memory requirements for MBS broadcast will be much higher than in case of pause/resume mechanism, e.g. SA4 indicated in the past in the LS in [3] that an exemplary QoE trace for VR service produced a QoE report with a size reaching 18 kBytes. It should be noted that according to SA4 specifications, one way of delivering VR service to the UE is via DASH protocol over MBS, as per [4]:
	4.2.5.8	Delivery
A panoramic or 360 video can be delivered in unicast, multicast or broadcast mode. In all of these modes, the delivery can be realized in the form of download or streaming and in real-time or non-real time.
For unicast streaming delivery, DASH can be used. For multicast or broadcast delivery, DASH over MBMS can be used.
For unicast delivery, all three approaches mentioned in Clause 4.2.5.6 (single stream, multi-stream, tiled stream) could be used.
For unicast and MBMS delivery, the DASH client requests appropriate segments depending on the viewport position, available network throughput, device capabilities and service requirements. E.g. for multi-stream approach, the DASH client requests the stream (representation) that matches best to the expected viewport position (subject to network latency and user movement).



It should also be noted that the AS memory which is used during pause may not always be available for reuse for storing the report in RRC INACTIVE as RAN2 agreed that the reports stored by the UE during pause are preserved when the UE moves to RRC INACTIVE state. This means that there will have to be an additional requirement for AS layer memory size.
Observation 1: The memory requirements for storing QoE reports generated for MBS QoE will be much higher than in case of pause due to RAN overload.
We think that 128 kBytes is an absolute minimum for the UEs supporting QoE collection in RRC_IDLE/INACTIVE/CONNECTED states. This means that such UEs should support additional 64 kBytes of memory size for MBS QoE and 64 kBytes which were agreed in Rel-17 can be reused as well when there are no “paused” reports to store.
Proposal 3: The UE supporting MBS QoE should support at least 128 kBytes of AS memory size for QoE, i.e. 64 kBytes in addition to 64 kBytes agreed in Rel-17 for paused reports.

There is already a conditional mandatory capability defined in section 6 of TS 38.306, which can be modified to capture this requirement:
	AS layer memory size for QoE paused measurement reports
	For UEs which support qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r1, but do not support mbsQoE, Iit is mandatory to support the minimum AS layer memory size of 64KB for QoE paused measurement reports for UEs which support qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17. 
For UEs which support qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17 and mbsQoE, it is mandatory to support the minimum AS layer memory size of 128KB for QoE paused measurement reports and QoE measurement reports collected in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states.



128KB is indeed the minimum memory size which we believe makes the feature usable. However, in real-life scenarios such memory size will likely be quickly exceeded. Hence, it would be useful for the UEs to optionally support additional memory sizes, e.g. 256, 512 and 1024 KB.
Proposal 4: The UE may optionally indicate the support of additional memory for storing QoE reports for MBS QoE. At least 256, 512 and 1024KB can be indicated by the UE. 

AR/MR service type for QoE
RAN3 made the following agreements related to AR/MR service type: 
· AR/MR will be supported as new service type and take R17 legacy QoE mechanism as baseline, pending on SA4’s further progress in R18.
· Another common understanding is: the RVQoE discussion on supporting AR/MR and MBS specific metrics may only be triggered based on progress of SA4

As can be seen from the wording of the agreements, the intention from RAN3 is to support AR/MR as a new service type, similarly as other service types were specified in Rel-17. However, this is still pending SA4 progress. The work on AR/MR QoE metrics in SA4 is ongoing and the result will be included in TS 26.119. Hence, the description of RAN2 capability can be prepared, even though it is not yet entirely clear whether SA4 will manage to finalize the work in Rel-18. When it comes to the capability for RVQoE for AR/MR, since it is not clear what metrics will be specified by SA4, it is premature for RAN2 to agree on the related capability at the moment.
Proposal 5: For AR/MR service type and the relevant RAN visible QoE metrics for AR/MR, RAN2 can wait for further SA4 and RAN3 progress before discussing UE capabilities.

SRB5 support
The definition of this capability seems rather straightforward. Even though RAN2 and RAN3 still need to resolve a number of issues for QoE support in NR-DC, they do not seem to impact capability description. We propose to specify it as follows:
Proposal 6: Define a UE capability, e.g. srb5, which “Indicates whether the UE supports direct SRB5 between the SN and the UE as specified in TS 37.340 [7]. A UE supporting this feature shall also indicate support of qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17”.

Buffer level threshold based QoE report triggering
According to the SA4 LS [8], SA4 mentions:
SA4 has not identified any buffer level threshold-based RVQoE reporting mechanism and does not see any value in working further in this direction.
So there is no need to discuss UE capability for this feature.

[bookmark: _Hlk47445522]Other QoE enhancements
[bookmark: _GoBack]Another feature which is being specified as part of Rel-18 QoE enhancements is QoE continuity during inter-RAT handover. At the moment, the UE has separate capabilities for QoE over LTE and QoE over NR. During the handover from NR to LTE, the UE will receive MobilityFromNRCommand message containing LTE RRC configuration prepared by the target eNB. Based on the knowledge of UE LTE capabilities, the eNB can decide which QoE configuration to keep and will include it in the handover command. The equivalent procedure applies for the handover from LTE to gNB and there is no need to specify an additional capability just for QoE continuity as the existing NR and LTE QoE capabilities are sufficient to support QoE continuity feature. 
Observation 2: There is no need to specify an additional capability just for QoE continuity as the existing NR and LTE QoE capabilities are sufficient to support QoE continuity feature.
Conclusion
Based on the discussion in this paper, the following observations and proposals are made:
Observation 1: The memory requirements for storing QoE reports generated for MBS QoE will be much higher than in case of pause due to RAN overload.
Observation 2: There is no need to specify an additional capability just for QoE continuity as the existing NR and LTE QoE capabilities are sufficient to support QoE continuity feature.

Proposal 1: Define a UE capability, e.g. idleInactive-QoE, which “indicates whether the UE supports NR QoE Measurement Collection in RRC_IDLE and RRC_INACTIVE states for the services indicated with qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17 when these services are carried over MBS”.
Proposal 2: Clarify in the existing capability descriptions of qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17 that they apply “while the UE is in RRC CONNECTED state”.
Proposal 3: The UE supporting MBS QoE should support at least 128 kBytes of AS memory size for QoE, i.e. 64 kBytes in addition to 64 kBytes agreed in Rel-17 for paused reports.
Proposal 4: The UE may optionally indicate the support of additional memory for storing QoE reports for MBS QoE. At least 256, 512 and 1024KB can be indicated by the UE. 
Proposal 5: For AR/MR service type and the relevant RAN visible QoE metrics for AR/MR, RAN2 can wait for further SA4 and RAN3 progress before discussing UE capabilities.
Proposal 6: Define a UE capability, e.g. srb5, which “Indicates whether the UE supports direct SRB5 between the SN and the UE as specified in TS 37.340 [7]. A UE supporting this feature shall also indicate support of qoe-Streaming-MeasReport-r17, qoe-MTSI-MeasReport-r17 or qoe-VR-MeasReport-r17”.
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