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Introduction
According to the WID of Rel-18 QoE [1], the following objectives should be addressed in this work item:
	· Left-over features from Rel-17, as well as the enhancements of existing features which are not included in Rel-17 normative phase, should be supported in Rel-18 if consensus on benefits are reached [RAN3, RAN2].
· Specify per-slice QoE measurement configuration enhancement.
· Specify RAN visible QoE enhancements for QoE value, RAN visible QoE trigger event, RAN visible QoE Report over F1.
· Specify QoE reporting handling enhancement for overload scenario.




For this objective, RAN3 has already made the following agreements:
	RAN3 #117e Agreements
- Introduce the slice scope information in the configuration container, and send LS out to SA4. 
- Definition of RVQoE value needs cooperation with SA4.
- UE should include QoS flow information in the RVQoE report to RAN.
- QoS flow information should be introduced as an explicit IE in the RAN visible QoE report over F1.



In this paper, we would like to provide some views on how Rel-18 can be enhanced to handle overload scenarios.
Discussions
Assistance Information for UE Overload
In Rel-17, QoE reporting pause/resume procedure has been introduced to handle RAN overload. From our point of view, whether QoE report is to be paused or resumed should take the whole picture of radio access into account. The UEs, who can be considered as a part of RAN, should play certain roles regarding the pause/resume decision. 
It is worth noting that, the UE can get overloaded too. For instances, the UE may be executing several tasks concurrently and/or the battery is running low. Similarly, the UE may not have sufficient memory to handle QoE on top of many other tasks. In such situations, it may be preferrable for the UEs to pause QoE reporting, or even release the QoE configurations, as the activities relating application layer measurements and reporting should be considered as relatively low priority tasks in most cases. When the UE’s battery level drops below a certain threshold, the UE should not continue with QoE reporting configurations in order to save its power. On the other hand, when the UE is running out of memory availability, the UE should not further proceed with QoE measurements and reporting until the executions of all the higher priority tasks are completed. Nevertheless, according to Rel-17 the UE can only pause or release QoE reporting configuration based on network instruction, but network may not have information about whether the status of a UE is suitable for QoE reporting or not. As a result, the UEs have no choice but continue with QoE tasks even when its battery/memory are already low, which is indeed very undesirable from UE point of view.
Observation 1: There are “UE overload” cases where the UEs are not suitable to perform QoE measurement/reporting activities due to their status, e.g. the battery and/or memory of UEs are running low. However, the network may still configure the UE to carry on with QoE reporting in such cases.

With these considerations, we think it is important for the UEs to make recommendations for pausing (or even releasing) the QoE reporting configurations. In particular, the UE should be able to express its preference on whether an existing QoE report configuration can be paused or released. This allows the gNB to take the overall RAN (including UE) status into account when deciding if QoE reporting of a UE should be continued. As an example, the gNB may have to decide which subset of UEs should pause their QoE reporting when it observes RAN overload, and the UE preference information can definitely help the gNB to select the subset of UEs that should pause QoE reporting more appropriately, rather than based on a blind selection or unnecessarily instructing all of the UEs to pause QoE reporting. 
From specification perspective, we believe this mechanism can be implemented by extending the UE Assistance Information (UAI) in Clause 5.7.4 of TS 38.331. In the existing feature of UAI message in Rel-17, the UE can already be configured to provide its preference on several different features to facilitate power saving, including DRX parameters, the RRC states, the maximum number of MIMO layers, the maximum number of secondary component carriers, and the SCGs to be deactivated etc. Hence, it is natural to enable the UEs to also express their preference on QoE reporting configurations via the UAI message for the sake of power/memory saving.
Proposal 1: To handle “UE overload”, new UAI for a UE to express its preference on configured QoE reporting (e.g. to pause or release QoE reporting) can be introduced in Rel-18.

Offloading of QoE Reporting to Uplink Unlicensed Spectrum
It is worth noting that, one key motivation of introducing unlicensed band resource into 3GPP networks including LTE and NR is to have complementary source of spectrum, in order to improve connectivity of 5G NR use cases. This is very clear from the justification of WID of Rel-16 NR-U:
	RP-192926: Revised WID on NR-based Access to Unlicensed Spectrum
For IMT systems, existing and new spectrum licensed for exclusive use by IMT technologies will remain fundamentally critical for providing seamless coverage, achieving the highest spectral efficiency, and ensuring the highest reliability of cellular networks through careful planning and deployment of high-quality network equipment and devices. All of these cannot be achieved by unlicensed spectrum which can never match the qualities of the licensed regime.
At the same time, operations and applications relying on unlicensed spectrum as a complementary source of spectrum, via licensed spectrum assistance, or purely based on unlicensed spectrum, without associated licensed spectrum, are increasingly important to improve data connectivity for the use cases and applications that 5G NR is expected to offer. 



Based on such justification, NR-U operation has been defined in Rel-16, which is applicable to the following deployment scenarios according to TS 38.300:
	TS 38.300
NR Radio Access operating with shared spectrum channel access can support the following deployment scenarios:
-	Scenario A: Carrier aggregation between NR in licensed spectrum (SpCell) and NR in shared spectrum (SCell);
-	Scenario A.1: SCell is not configured with uplink (DL only);
-	Scenario A.2: SCell is configured with uplink (DL+UL).
-	Scenario B: Dual connectivity between LTE in licensed spectrum and NR in shared spectrum (PSCell);
-	Scenario C: NR in shared spectrum (PCell);
-	Scenario D: NR cell in shared spectrum and uplink in licensed spectrum;
-	Scenario E: Dual connectivity between NR in licensed spectrum (PCell) and NR in shared spectrum (PSCell).
Carrier aggregation of cells in shared spectrum is applicable to all deployment scenarios.



Therefore, to deal with potential RAN overload situations that may occur during a QoE reporting session, it is very reasonable for the gNB to configure unlicensed band serving cells for uplink in Scell when it is available (as in Scenario A.2 above), in order to reduce the load of uplink QoE reporting in the licensed band. We must point out that, since unlicensed band is a complementary spectrum, utilization of unlicensed band for QoE reporting does not mean the communication services for the targeted applications of QoE is provided via unlicensed band. For instance, with deployment Scenario A.2 where licensed spectrum is in SpCell, it is absolutely possible that the application operations and application measurements are all solely based on downlink data in licensed band where OAM/network can have better control, but the role of unlicensed band in Scell in this case is merely a “pipe” for the UE to provide application layer measurement reports to the network, and hence has nothing to do with the targeted application itself and/or the corresponding QoE measurements.
Observation 2: QoE reporting via unlicensed band is a sensible approach to deal with potential overload situations during a QoE session. The unlicensed band resource is simply a complementary data pipe for the UE to provide QoE measurements, that can be entirely independent to operations of the targeted application of QoE.
Nevertheless, reporting application layer measurements via unlicensed band resource is currently not supported in Rel-17, as CAPC for SRB4 is not defined. According to TS 38.300, the UE needs to determine the CAPC for a MAC uplink transport block (TB) based on the CAPC associating to SRB/DRB and/or MAC CEs that are multiplexed:
	TS 38.300
When performing Type 1 LBT for the transmission of an uplink TB (see TS 37.213 [37], clause 4.2.1.1) and when the CAPC is not indicated in the DCI, the UE shall select the CAPC as follows:
-	If only MAC CE(s) are included in the TB, the highest priority CAPC of those MAC CE(s) is used; or
-	If CCCH SDU(s) are included in the TB, the highest priority CAPC is used; or
-	If DCCH SDU(s) are included in the TB, the highest priority CAPC of the DCCH(s) is used; or
-	The lowest priority CAPC of the logical channel(s) with MAC SDU multiplexed in the TB is used otherwise.



Because CAPC for SRB4 (which uses DCCH) is not defined in Rel-17, the UE behavior of CAPC selection accordingly to the rules specified in TS 38.300 becomes ambiguous. We have tried to fix this issue with CR [2] in RAN2 #119e, but it was eventually agreed that QoE and NR-U should not be configured together in Rel-17 to avoid the foreseeable broken feature, as there is no sufficient time to discuss CAPC for SRB4 in Rel-17:
	RAN2 #119e Agreement:
3.	Clarify that joint NR-U and QoE configuration is not supported in this release (i.e. Rel-17). 



On the other hand, we would like to highlight that currently CAPC for all other SRBs are clearly defined in TS 38.331:
	TS 38.331:

For operation with shared spectrum channel access, SRB0, SRB1 and SRB3 are assigned with the highest priority Channel Access Priority Class (CAPC), (i.e. CAPC = 1) while CAPC for SRB2 is configurable.



Meanwhile, CAPC for DRBs can be configured via logical channel configuration. In other words, currently SRB4 is the only radio bearer that does not have a defined CAPC and hence incompatible to the existing NR-U operations. From our point of views, there is no valid technical arguments why we should intentionally forbid transmission of SRB4 data (i.e. Application layer measurements reports) via unlicensed band resources while all other radio bearers are allowed. Today we can even support transmission of data traffics with stringent requirements such as URLLC via unlicensed band. Additionally, as we have stated in Observation 2, we think QoE reporting over unlicensed band is actually beneficial for RAN to alleviate the impacts of RAN overload issues that QoE WIs aimed to address.
It has been argued that supporting QoE reporting on unlicensed band may be very complicated, as NR-U itself is a complex feature. However, we must note that NR-U features are mainly MAC/PHY procedures while the QoE framework is largely defined in RRC, so these two features are basically orthogonal as they impact different protocol sublayers. Thus, we do not see what is the conflict of having these features working together. To support SRB4 transmission over unlicensed band, from specification perspective the only thing we need to fix is the CAPC definition for SRB4, so the foreseeable specification impacts is extremely light. Nothing else has to be changed in the existing NR-U and QoE features.
Observation 3: SRB4 is the only radio bearer that cannot be transmitted over unlicensed band according to the current specifications. The specification impacts to support transmission of SRB4 on unlicensed resource is very light, the only required change in specification is the addition of CAPC definition for SRB4.

Based on our analysis above, we think RAN2 should define CAPC for SRB4 in Rel-18 in order to enable QoE reporting via unlicensed band, which is useful for handling of potential overload scenarios as QoE reports can be offloaded to unlicensed band resources. To achieve the best network flexibility, we think we can simply make CAPC for SRB4 configurable as proposed in [2]. Having said that, it is also feasible if CAPC for SRB4 is specified as a fixed value.
Proposal 2: RAN2 should define CAPC for SRB4 (fixed or configurable) in Rel-18, which enables offloading of QoE reporting to unlicensed band and hence alleviating RAN overloading.

Conclusions
This contribution has discussed potential enhancements for QoE reporting that can be useful for overloading scenarios. We have made the following observations:
Observation 1: There are “UE overload” cases where the UEs are not suitable to perform QoE measurement/reporting activities due to their status, e.g. the battery and/or memory of UEs are running low. However, the network may still configure the UE to carry on with QoE reporting in such cases.
Observation 2: QoE reporting via unlicensed band is a sensible approach to deal with potential overload situations during a QoE session. The unlicensed band resource is simply a complementary data pipe for the UE to provide QoE measurements, that can be entirely independent to operations of the targeted application of QoE.
Observation 3: SRB4 is the only radio bearer that cannot be transmitted over unlicensed band according to the current specifications. The specification impacts to support transmission of SRB4 on unlicensed resource is very light, the only required change in specification is the addition of CAPC definition for SRB4.

Based on these observations, we propose the following:
Proposal 1: To handle “UE overload”, new UAI for a UE to express its preference on configured QoE reporting (e.g. to pause or release QoE reporting) can be introduced in Rel-18.
Proposal 2: RAN2 should define CAPC for SRB4 (fixed or configurable) in Rel-18, which enables offloading of QoE reporting to unlicensed band and hence alleviating RAN overloading.
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