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1. [bookmark: _Ref165266342]Introduction
At RAN2#116-e meeting, [1][2] were presented and they are about UE capability discussions for NR QoE. There were no discussions on the UE capability and no conclusions so far and this paper provides our views for this topic.
2. Discussion
2.1 UE capabilities for LTE QoE
In LTE, the following two UE capability bits were introduced:
· qoe-MeasReport-r15
· qoe-MTSI-MeasReport-r15

In TS 36.300, the basic functionality of LTE QoE has been defined as below. 
	[bookmark: _Toc29372885][bookmark: _Toc46499089][bookmark: _Toc52491402][bookmark: _Toc20403379][bookmark: _Toc37760849][bookmark: _Toc76425436]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).
Application layer measurement configuration received from OAM or CN is encapsulated in a transparent container, which is forwarded to UE in a downlink RRC message. Application layer measurements received from UE's higher layer are encapsulated in a transparent container and sent to network in an uplink RRC message, as specified in TS 36.331 [16]. The application layer measurement configuration and measurement reporting are supported in RRC_CONNECTED state only. E-UTRAN can release the application layer measurement configuration towards the UE at any time.


It can be seen that LTE QoE is about container based QoE (i.e. the application layer measurement configuration and measurement reporting are encapsulated in transparent containers in RRC messages), so the above two UE capability bits are all about container based QoE and the difference between the two bits is just about the targeted service types.
2.2 The progress on features for NR QoE
As can be seen in the RAN3 LS [3], RAN3 has agreed to support the following service types:
· Streaming service
· MTSI service
· VR service

NR QoE feature is not as simple as LTE QoE feature as RAN2 and RAN3 agreed to specify some additional sub-features for QoE in Rel-17. The summary is provided in Table 1.
Table 1: Summary of NR QoE sub-features
	Topic
	Features
	Standard progress

	Config/Reporting
(Note: this part is seen as common for QoE features, e.g. container based QoE/RAN visible QoE)
	Basic design, e.g. Uu signalling, interactions between UE AS and UE App, QoE id, max number of QoE config
	Good progress in RAN2 and RAN3

	
	QoE report segmentation
	Has been agreed in RAN2

	
	Multiple/Single QoE configurations in one RRC message
	Has been agreed in RAN2

	Pause/Resume
	If the RAN is overloaded, RAN can indicate UE to temporarily stop QoE reporting
	Still under discussions in RAN2

	Mobility
	Enable QoE functionality during mobility between cells for different cases, e.g. moving outside/inside QoE area scope, mobility between QoE capable and non-capable gNBs etc.
	Still under discussions in RAN2

	RAN visible QoE
	It provides a possibility for RAN to collect and utilize QoE information for RRM optimization purposes
	RAN3 has made many  agreements, and RAN2 is to progress on solution details in Q1 2022

	Per slice QoE
	The QoE measurement collection can be performed with per slice granularity, and the discussions are considering container based QoE and RAN visible QoE
	RAN3 has made some agreements on per slice QoE for container based QoE, and RAN3 is still discussing other aspects

	The correlation between MDT and QoE
	If MDT and QoE can be correlated, the network can have better understandings on the dependencies between radio conditions and user experience
	So far RAN3 is discussing this topic, and there are no impacts to RAN2 so far



Observation 1: Different sub-features developed for NR QoE should be considered during UE capability discussions for QoE.
2.3 Basic QoE capability and other QoE capabilities
In section 2.1 and 2.2, we provide some technical analysis on LTE QoE and the progress of NR QoE so far. In [1], there is similar discussion on the new features/functionalities for NR QoE, and it is also proposed to discuss basic QoE functionality and extra QoE functionalities.
We think the support for the basic QoE functionality should be indicated per service type, similarly as for LTE. 
Proposal 1: Introduce QoE UE capabilities for each service type, i.e. streaming, MTSI and VR. 
Further, it has to be clarified what functionalities the UE needs to support when it indicates the capability for a certain service type, i.e. what the set of basic QoE functionalities contains. In our opinion, the minimum that the UE has to support is:
(1) container based QoE configuration and reporting
(2) support of multiple simultaneous QoE configurations according to the agreed maximum QoE configurations number
(3) Handling of QoE configurations during mobility and state transitions (e.g. storage of QoE configurations in RRC INACTIVE state, session start/stop indication (if agreed) etc.)

Proposal 2: When the UE indicates QoE capability for a specific service type, it means the UE supports the following sub-features for this service type:
(1) container based QoE configuration and reporting
(2) support of multiple simultaneous QoE configurations according to the agreed maximum QoE configurations number
(3) Handling of QoE configurations during mobility and state transitions (e.g. storage of QoE configurations in RRC INACTIVE state, session start/stop indication (if agreed) etc.)

Secondly, for some features, there are extra complexities for the UE compared with basic features and it can be discussed further whether they should be part of basic QoE capability or separate capabilities:
(a) QoE report segmentation
(b) pause/resume
(c) RAN visible QoE
(d) per slice QoE
(e) the correlation between MDT and QoE

QoE report segmentation
Since QoE configuration is included in the RRCReconfiguration message, there is no additional UE complexity in supporting QoE configuration segmentation, on top of the already existing dl-DedicatedMessageSegmentation-r16 capability. When it comes to QoE report segmentation, this can be handled in a way similar to how UECapabilityInformation message segmentation is possible, i.e. we can specify it as an optional feature without capability signalling, e.g. by having the following change in section 5.4 of TS 38.306: 
[bookmark: _GoBack]“It is optional for UE to support segmentation of UECapabilityInformation and/or MeasurementReportAppLayer as specified in TS 38.331 [9].”
Proposal 3: Segmentation of MeasurementReportAppLayer message is specified as an optional UE feature with no capability signalling.

QoE pause/resume
This feature imposes some extra requirements on the UE, e.g. on its memory requirements, especially in case AS layer is chosen for storing the reports. We believe this feature should be optional for the QoE UE.
Proposal 4: QoE pause/resume is a separate optional UE capability.

RAN visible QoE
RAN visible QoE has some relations with container based QoE, but there are also some additional parts that the UE needs to implement to support it. As agreed by RAN3, the UE needs to provide its capability for reporting RAN visible QoE. There are two possibilities to define such capability:
· Option 1: per UE:
· A single capability for RAN visible QoE is reported which indicates the support of RAN visible QoE for all the service types for which the UE supports application layer QoE and for which RAN visible QoE is possible (according to RAN3 agreements this includes DASH streaming and VR in Rel-17).
· Option 2: per service type:
· Capability for RAN visible QoE is independent from support of application layer QoE, e.g. UE may support application layer QoE for both DASH and VR, but support RAN visible QoE only for DASH.

In our opinion, option 1 is simplest and would make the RAN visible QoE feature most useful. Therefore, we propose to agree on the following:
Proposal 5: RAN visible QoE capability is specified as a single capability (i.e. not per service type or per QoE metric). When UE indicates RAN visible QoE capability, the service types for which the UE supports RAN visible QoE are the same as the ones for which the UE is capable of application layer QoE (with the restriction that RAN visible QoE is applicable to DASH and VR only).

Per slice QoE and QoE and MDT alignement
These functionalities are still under RAN3 discussions, so RAN2 can just wait for more inputs before deciding whether additional capabilities are needed. 
 
For all the new UE capability bits, it is also required to discuss the following aspects:
- Need of FDD/TDD differentiation
- Need of FR1/FR2 differentiation

On one hand, the above differentiation is beneficial for some UE capability and it may be beneficial for feature implementation. On the other hand, QoE features seem to be independent from the multiplexing mode and frequency in lower layers. Therefore, we propose to agree on the following:
Proposal 6: There is no need for FDD/TDD differentiation and FR1/FR2 differentiation for QoE capabilities.
Another aspect worth discussing is how to implement QoE related capabilities into TS 38.306 specifications. In [2], it was proposed to specify them within a section dedicated to MeasAndMobParameters. In our opinion, this is not an appropriate place to capture QoE capabilities as they are not related to radio measurements. We think it would be better to have them specified in a QoE dedicated sub-section.
Proposal 7: Specify QoE related capabilities in a new sub-section in TS 38.306.
3. [bookmark: _Hlk46936119]Conclusions
In this paper, we discuss the NR QoE UE capabilities, and the following is proposed:
Proposal 1: Introduce QoE UE capabilities for each service type, i.e. streaming, MTSI and VR. 
Proposal 2: When the UE indicates QoE capability for a specific service type, it means the UE supports the following sub-features for this service type:
(1) container based QoE configuration and reporting
(2) support of multiple simultaneous QoE configurations according to the agreed maximum QoE configurations number
(3) Handling of QoE configurations during mobility and state transitions (e.g. storage of QoE configurations in RRC INACTIVE state, session start/stop indication (if agreed) etc.)

Proposal 3: Segmentation of MeasurementReportAppLayer message is specified as an optional UE feature with no capability signalling.
Proposal 4: QoE pause/resume is a separate optional UE capability.
Proposal 5: RAN visible QoE capability is specified as a single capability (i.e. not per service type or per QoE metric). When UE indicates RAN visible QoE capability, the service types for which the UE supports RAN visible QoE are the same as the ones for which the UE is capable of application layer QoE (with the restriction that RAN visible QoE is applicable to DASH and VR only).
Proposal 6: There is no need for FDD/TDD differentiation and FR1/FR2 differentiation for QoE capabilities.
Proposal 7: Specify QoE related capabilities in a new sub-section in TS 38.306.
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