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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
The NR QoE WI was approved in RAN#86 [1] with the following objective:
· Study the potential RAN side solution for supporting a generic framework for triggering, configuring, measurement collection, and reporting for various 5G use cases. [RAN3, RAN2]
· Identify and study the potential solutions (e.g., LTE based solution, reusing MDT mechanism) for configuration and reporting of UE KPI information for certain services (e.g. latency). 
· Study the potential interface impact and solutions (e.g. F1, NG, Xn interface) to support NR QoE functionality. [RAN3]
In the RAN3#110e-meeting [2,3] several aspects of NR QoE measurements reporting were discussed. This paper discussed several aspects of NR QoE measurement reporting.
2. Discussion
2.1 Reporting Procedures for NR QoE measurements
In LTE, RAN2 introduced a new signaling radio bearer, i.e. SRB4, for the reporting of LTE QoE measurements [4]. Furthermore, RAN3 sent an LS [5] to RAN2 to mention that RAN3 has agreed that NR QoE reports are carried over the control plane in the RAN. In LTE, the introduction of SRB4 for reporting of LTE measurements are motivated by factors such as :
1. To reduce the impact of LTE QoE reporting on other SRB and DRB. However, note that the size of the QoE container is considered as 8KB. 
2. LTE QoE reporting follows a push-based mechanism, where the UE application layer pushes the LTE QoE measurements to the RAN when available. A separate SRB for the push-based reporting of LTE QoE measurements reduces the collision with important NAS signaling and other reporting. 

However, different working groups are considering RAN awareness for the NR QoE reporting, where base stations can use the QoE reports for RAN configuration to achieve a better UE QoE [6]. Note that the purpose of the RAN aware optimization is to obtain real-time RAN configuration optimization for achieving a better UE QoE. On the contrary to the reporting of legacy QoE report, where legacy QoE report is sent to the network at the end of the ongoing session, the RAN aware QoE report can be sent during the ongoing session for RAN configuration optimizations for achieving better UE QoE. 

Observation 1: Contrary to the LTE where QoE measurements are introduced for application layer parameter optimizations, NR introduces QoE measurements with RAN awareness also to achieve a better UE QoE using RAN configuration optimizations. 

While we argue for maintaining the similar methods as LTE for the reporting of the “legacy detailed QoE report for application-layer optimizations”, we argue for techniques to be developed for management and reporting of the RAN aware QoE measurements in a timely fashion. Furthermore, in [3], RAN3 discussed reporting of the RRM measurements and methods to establish a relationship between RRM measurements and RAN aware QoE measurements for RAN optimization to achieve a better UE QoE.

As discussed in RAN2#112-emeeting [6] in contributions by some of the companies, there can be two methods for reporting the RAN aware QoE measurements and thereafter establishing the relationship between QoE and RRM measurements:
· [bookmark: _GoBack]Pull-Based mechanism: This method implements on-demand request and response of the RAN aware QoE measurements. Note that in rel-16 [7], the on-demand request and response message for many of the SON applications are implemented over SRB2 using UEInformationRequest and UEInformationResponse. One can argue for using SRB4 for reporting of RAN aware QoE, however, it comes with the additional cost of implementing UEInformationRequest and UEInformationResponse over SRB4. Also, additional signaling is required in the pull-based mechanism and may not be suitable if we want to achieve real-time optimization of UE QoE. Note that whether the pull-based mechanism is implemented over SRB2 or SRB4 for the reporting of RAN aware QoE measurements, the network needs an additional mechanism to establish a relationship between RRM and RAN-aware QoE measurements to implement an optimization scheme. 
· Push-based mechanism: This implements a methodology to report RAN aware QoE when a certain event trigger condition meets. One example of such an event trigger can be when QoE's overall score or acceptance level falls below a certain threshold. Upon such events, UE can send the RAN aware QoE to the network for RAN configuration optimizations. While we can use SRB4 to implement a push-based mechanism for reporting of RAN aware QoE measurement over SRB (in a similar fashion as legacy LTE QoE reporting), the network may still need a mechanism to establish the relationship between RRM and RAN aware QoE measurements. The associated latency can be significantly reduced and a real-time RAN optimization for achieving a better QoE can be obtained if we can report QoE measurements in the  “MeasurementReport” message over SRB1, i.e. whenever event-trigger condition meets, the RAN aware QoE container can be sent from the application layer to the UE access stratum and then UE sends this container having RAN aware QoE measurements together with RRM measurements. This exempts the need for implementing methods to establish the relationship between RRM and RAN aware QoE measurements.      

The above observation can be summarized in the below observation. 

Observation 2: For the reporting of RAN aware QoE measurements, we have the following options:
1. Use SRB2, and UEInformationRequest and UEInformationResponse procedure for the reporting of RAN aware QoE measurements report.
2. Introduce SRB4 for RAN aware NR QoE measurements, and UEInformationRequest and UEInformationResponse procedure over SRB4 for the reporting of RAN aware QoE measurements. 
3. Event-triggered RAN aware QoE measurements over SRB4.
4. Event-trigger RAN aware QoE measurement reporting in the MeasurementReport over SRB1. 

As discussed previously, for the legacy QoE measurements (detailed QoE measurement for application-layer optimizations), our preference is to still use a push-based mechanism over SRB4 while for the reporting of RAN aware QoE measurement we prefer to use option 4 to reduce signaling and associated latency to achieve real-time RAN optimizations for achieving a better UE QoE. 

Proposal 1: UE reports the RANaware QoE measurement in the MeasurementReport together with RRM measurements when event-trigger conditions are met and reports the detailed traditional QoE measurements for application optimizations over SRB4 in a similar fashion as LTE QoE reporting.  

For more details, see the activation and reporting procedure for the NR QoE measurements in Fig. 1. 

2.2 Handling of IDLE/INACTIVE QoE reporting and QoE reporting in RAN overload scenario

As the NR QoE measurements can be obtained in the IDLE/INACTIVE services, thus a mechanism is required to avoid UE going to a connected state just for reporting purposes. Furthermore, as we argued previously for supporting event-triggered NR QoE measurements, thus we need mechanisms at the RAN to discard/suspend the reporting of NR QoE measurements when overloaded. 
Proposal 2: RAN can configure UE to suspend QoE reporting when overloaded.  

A common mechanism for handling both the reporting of NR QoE measurements in the IDLE/INACTIVE state and the RAN overloading scenario is desired. We have the following proposal to handle them :

Proposal 3: For the suspension of the NR QoE measurements and reinitializing the reporting procedure, we have the following :
· UE AS indicates App layer to suspend QoE reporting when
· UE goes into RRC IDLE/INACTIVE 
· UE receives gNB indication for QoE report suspending due to RAN congestion
· UE AS indicates App layer to resume QoE reporting when 
· UE goes into CONNECTED and PCell is within the measurement area 
· RAN recovered from congestion 
[image: ]

                                                   Fig. 1:  QMC activation and reporting in NR

The call flow for supporting the temporary suspension of QoE reporting due to RAN overloading and for the reporting of QoE measurement obtained in IDLE/INActive states is illustrated in Fig. 2.

As discussed above RAN can suspend QoE reporting when overloaded. However, QoS requirements for different applications may differ. For example, for service types like AR, RAN aware NR QoE measurements may be significantly important for achieving a nominal/acceptable QoE, even in the RAN overload scenario. Therefore, to selectively create an exception for RAN aware QoE reporting for a few service types while suspending the RAN aware QoE reporting of other service types, we propose a filtering mechanism for the selective reporting of NR QoE measurements.

Proposal 4: In the RAN overload scenario, the network can provide a filter to selectively report RAN aware QoE measurements for a few service types while suspending others. 
3. Conclusion 
Observation 1: Contrary to the LTE where QoE measurements are introduced for application layer parameter optimizations, NR introduces QoE measurements with RAN awareness also to achieve a better UE QoE using RAN configuration optimizations. 
Observation 2: For the reporting of RAN aware QoE measurements, we have the following options:
1. Use SRB2, and UEInformationRequest and UEInformationResponse procedure for the reporting of RAN aware QoE measurements report.
2. Introduce SRB4 for RAN aware NR QoE measurements, and UEInformationRequest and UEInformationResponse procedure over SRB4 for the reporting of RAN aware QoE measurements. 


         (a) QoE report suspending in RAN overload                            (b) QoE report handling in IDLE/INACTIVE states            

          Fig. 2: QoE report handling in RAN overload scenario and IDLE/INACTIVE states


3. Event-triggered RAN aware QoE measurements over SRB4.
4. Event-trigger RAN aware QoE measurement reporting in the MeasurementReport over SRB1. 
Proposal 1: UE reports the RANaware QoE measurement in the MeasurementReport together with RRM measurements when event-trigger conditions are met and reports the detailed traditional QoE measurements for application optimizations over SRB4 in a similar fashion as LTE QoE reporting.  
Proposal 2: RAN can configure UE to suspend QoE reporting when overloaded.  
Proposal 3: For the suspension of the NR QoE measurements and reinitializing the reporting procedure, we have the following :
· UE AS indicates App layer to suspend QoE reporting when
· UE goes into RRC IDLE/INACTIVE 
· UE receives gNB indication for QoE report suspending due to RAN congestion
· UE AS indicates App layer to resume QoE reporting when 
· UE goes into CONNECTED and PCell is within the measurement area 
· RAN recovered from congestion 
Proposal 4: In the RAN overload scenario, the network can provide a filter to selectively report RAN aware QoE measurements for a few service types while suspending others. 
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