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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] several aspects such as multiple simultaneous QoE measurements, RAN awareness of the QoE measurements, QoE measurements in the IDLE/Inactive states, QoE measurements handling during UE mobility, slice-based QoE measurements, and others were discussed. Furthermore, SA5 sent an LS [3] to RAN2, RAN3, and SA4 for supporting simultaneous QoE measurements. In the response LS by SA4 [4], SA4 further replied that SA4 already supports reference ID for QoE measurements. 
Considering different discussion that is going on in other working groups for NR QoE measurements, this paper discusses RAN2 considerations on different aspects of NR QoE measurements mentioned above. 
2. Discussion
2.1 Handling of simultaneous QoE measurements and RAN awareness of QoE measurements
In Rel-14 [5], LTE introduced the QoE measurements for streaming and MTSI services, where the QoE measurements are reported in the SA4 container. The activation and reporting procedure of QoE measurements in LTE is illustrated in Fig. 1 [6]. 
                             [image: ]
			             Fig. 1: QMC activation and reporting in LTE


Note that the LTE QoE measurements are hidden from the RAN and RAN may not be able to optimize its configuration parameters for achieving a better QoE. Furthermore, simultaneous QoE measurements are not supported in the LTE, thus only a single type of service can be optimized even if a smart base station implements some techniques to optimize its RAN configuration for achieving a better UE QoE. Therefore, considering the simultaneous optimization of multiple service types, different working groups are exploring the feasibility and methodologies of handling simultaneous QoE measurements. To support the network flexibility to obtain optimization schemes for multiple service types, we propose to support the simultaneous measurements of QoE measurements.

Proposal 1: Simultaneous measurements of NR QoE measurements at the UE should be supported.

Observation 1: A UE that can support simultaneous QoE measurements can receive the QoE configurations for the multiple service types as follows:
1. LTE-style QoE configuration: Although multiple simultaneous QoE measurements can be configured at the UE, it is done independently. This implies that to configure multiple QoE measurements, multiple QoE configurations are used.
2. A single QoE configuration can be used to configure multiple QoE measurements.

Note that both of the options should be supported and the network should be able to configure one or more NR QoE measurements depending on the network requirements. To have the network flexibility for NR QoE measurements, we propose to support:

Proposal 2: NR QoE configurations can be used by the network to configure one or more NR QoE measurements.    

As discussed above, multiple QoE measurements can be configured for the network and QoE application optimizations. For the optimizations at the RAN to achieve a better QoE, RAN awareness of the QoE measurements will be useful. Different methodologies for the RAN awareness of the QoE measurements were discussed in the RAN3 email discussion [7].

Observation 2: RAN3 discussed the following options for the RAN visibility of the QoE measurements:
· Type 1: gNB directly understand UE QoE report up to the implementation
· Type 2: gNB receives RAN-visible QoE metrics from UE
· Type 3: gNB receives RAN-visible QoE metrics from MCE
Note that the SA4 QoE measurements are encoded in the XML format and a smart base station should be able to decode different fields of NR QoE measurements. However, the legacy QoE measurements obtain the parameters solely for the application layer optimizations at the application servers and reported to the base station at the end of the ongoing application session. However, there are two issues with the consideration that the base station can derive RAN aware QoE measurements from the legacy detailed QoE measurements as the following: 
1. In general, the legacy QoE measurements are designed considering application layer optimizations. Furthermore, even though base stations can extract different parameters of the legacy QoE measurements, the base station might not know how to derive the RAN aware QoE metrics from the legacy QoE measurements.
2. Legacy QoE measurements are sent to the base station only after the end of the ongoing application layer session, which implies that RAN cannot implement any optimization during an ongoing application session. Thus, to enable the RAN optimizations for achieving a better UE QoE during an ongoing application session, RAN aware QoE measurement can be sent to the network when certain conditions are met. For example, RAN aware QoE can be sent to the base station when the QoE falls below a certain threshold, score, and/or overall satisfaction level. 
Considering the above discussion, we proposed the measurement of RAN aware QoE configuration, where the RAN aware QoE configuration is derived from the legacy QoE measurements. Now, there can be two methods for the storage of RAN aware QoE measurements: (i) at the application layer, the RAN aware QoE measurement is sent to UE AS when the reporting condition for reporting is met, and (ii) at the RRC layer, UE variable stores the measurement and measurement is sent to UE AS from the application when the reporting condition is met. Not that the latter results in wastage of UE memory and storing the results for multiple QoE sessions and/or service types become quite messy. Therefore, we have the following proposals:
Proposal 3:  UE reports two containers: one legacy QoE container and one RAN aware QoE container. RAN aware container is derived from the current QoE container using SA4 defined rule.
Considering the above discussions and proposals, the activation and reporting procedure of application QoE measurements and RANaware QoE measurement in NR is illustrated in Fig. 2. We propose the possibility to independently report RANaware QoE measurement and detailed application layer measurement [8].
2.4 Handling of QoE measurements in IDLE/INACTIVE states
A UE using services such as Multicast Broadcast Services (MBS) may receive packets in the IDLE and/or INACTIVE state. Therefore, the UE configured for NR QoE measurements for MBS service type may obtain the QoE measurements in IDLE/INACTIVE states. Furthermore, for the proper operations of the service, the NR QoE measurements in the IDLE/INACTIVE state can play an important role. Therefore, we propose to support NR QoE measurements in the IDLE/INACTIVE state upon the MBS sessions. 
Proposal 4: Support NR QoE measurements in IDLE/INACTIVE states.
Note that although the NR QoE measurements can be performed in the IDLE/INACTIVE states, similar to SON/MDT measurement reporting philosophy, the UE should not transition to the connected state just for 
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reporting for QoE measurement reporting. To avoid this from happening and to avoid UE memory wastage at the UE, the QoE measurements should be stored at the application layer until UE transitions to the connected state.   
Proposal 5: NR QoE measurements obtained in the IDLE/INACTIVE states are stored at the application layer until the UE transition to the connected state. Transition to the connected state for the reporting of NR QoE measurements is not supported. 
2.3 Handling of QoE measurements during UE mobility  
As discussed in Ericsson’s previous contribution [9], seamless mobility is a key functionality in NR. Thus, to optimize the UE QoE during mobility, support for NR QoE measurements in mobility scenario for both signaling and management based QoE is needed. Furthermore, Ericsson in [9] also proposed the following three options for handling mobility:
1. Sending the entire area configuration list to the UE;
2. Sending release command to UE upon moving outside the area;
3. Sending withinArea indication to UE upon handover

However, the observations were made considering only connected mode NR QoE measurements while the NR QoE measurements can be obtained in the IDLE/INACTIVE state, in particular for the MBS service. For example, if an MBS session starts in the INACTIVE/IDLE state and if UE is configured to obtain the QoE measurements in the IDLE/INACTIVE state, then option 3 will not work to determine whether UE should obtain QoE measurements. Furthermore, as different working groups are considering multiple QoE measurements to be configured at the UE and for different serviceType may have different intended areaconfiguration. In such a scenario, withinArea indication may not be a suitable solution. Therefore, to support seamless operations for QoE measurements and to support different area configurations for different service types, we propose:

Proposal 6: To handle the QoE measurements during UE mobility, send the entire area configuration list to the UE in the NR QoE configuration.  
3. Conclusion 
Proposal 1: Simultaneous measurements of NR QoE measurements at the UE should be supported.
Observation 1: A UE that can support simultaneous QoE measurements can receive the QoE configurations for the multiple service types as follows:
1. LTE-style QoE configuration: Although multiple simultaneous QoE measurements can be configured at the UE, it is done independently. This implies that to configure multiple QoE measurements, multiple QoE configurations are used.
2. A single QoE configuration can be used to configure multiple QoE measurements.
Proposal 2: NR QoE configurations can be used by the network to configure one or more NR QoE measurements.    
Proposal 3:  UE reports two containers: one legacy QoE container and one RAN aware QoE container. RAN aware container is derived from the current QoE container using SA4 defined rule.
Proposal 4: Support NR QoE measurements in IDLE/INACTIVE states.
Proposal 5: NR QoE measurements obtained in the IDLE/INACTIVE states are stored at the application layer until the UE transition to the connected state. Transition to the connected state for the reporting of NR QoE measurements is not supported. 
Proposal 6: To handle the QoE measurements during UE mobility, send the entire area configuration list to the UE in the NR QoE configuration.  
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