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1. Introduction 
In the last RAN3 meeting (R3-110-e), several topics on NR QoE measurement configuration and reporting were discussed and captured in [1]
This paper continues the discussion from last meeting and discusses two scenarios in specific – i) QoE measurement handling at RAN overload and ii) QoE measurement handling for RRC_IDLE and RRC_INACTIVE
2. Discussion
2.1 QoE measurement handling at RAN overload
SA5 sent an LS [2] stating that QMC reporting should be able to be temporarily stopped and restarted during RAN overload as stated below:
It is considered vital that QoE data is captured during time periods of RAN overload. However, there can be many consumers that frequently collects QoE data from many UEs. To not contribute to the RAN overload, the QMC reporting should be able to be temporarily stopped and restarted.

Different solutions can be considered to handle temporary suspension of QoE reporting during RAN overload. Some of the possible solutions include:

Solution 1: Prolonged reporting interval for QoE during RAN overload 

Upon RAN overload, RAN should update the QoE config with a prolonged reporting interval so that QoE reports are sent with a different periodicity from UE APP layer

This solution has 2 drawbacks:

 i) Reporting periodicity of QoE reports from UE APP layer to UE AS layer is based on a SA4 defined formula, which would need overriding in case we want UE APP layer to prolong the QoE reporting due to RAN overload (has SA4 impacts to inform UE APP layer about new reporting periodicity).

ii) This new reporting periodicity need to be also transferred to the target RAN in case there is a handover during RAN overload (has RAN3 impacts for context transfer during mobility).

Solution 2: Buffer QoE reports at UE AS layer

The drawback of this solution is that we need to reserve memory at UE AS layer to buffer the QoE reports (RAN2 impact)
Solution 3: Buffer QoE reports at UE APP layer

In this solution, UE APP continues to record QoE measurements during RAN overload but suspends QoE reporting to UE AS layer. UE APP buffers the QoE measurements in its own memory and resumes forwarding of QoE report to UE AS only when RAN overload is over.

The detailed procedure for solution 3 is depicted below:
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Figure 1: QoE report suspending in RAN overload
1. If RAN overload occurs, gNB sends a “Suspend QoE report indication” to UE AS layer
2. UE AS layer informs UE APP layer to suspend QoE reporting using “Temporary Stop Request” and to buffer the QoE measurements in UE APP layer itself

3. If RAN overload ends, gNB sends a “Resume QoE report indication” to  UE AS layer to notify that QoE reports can resume reporting
4. UE AS layer informs UE APP layer to resume QoE reporting using “Restart Request”

5. UE APP layer forwards the stored QoE measurements  to UE AS layer

6. UE AS layer forwards the QoE report to the gNB

Due to its simplicity and no memory impacts at UE AS, we prefer solution 3.

Summarizing, we therefore have the following proposals:

Proposal 1: No memory should be defined at UE AS layer to buffer QoE reports

Proposal 2: UE APP should support buffering of QoE reports upon receiving temporary stop request from UE AS till a restart indication is received.

Proposal 3: UE APP should stop forwarding QoE report to UE AS upon receiving temporary stop request from UE AS and resume forwarding upon the reception of a restart request.

However SA4 sent multiple reply LS [3] [4] stating that the following:
With regards to "Temporary stop of reporting" TS 28.405 states that at RAN overload, the reporting over RRC shall stop, but the application shall still continue to record, and reports shall be stored. When the overload situation has ended, any stored reports shall then be sent over RRC. 

SA4 believe that there should be no need for involving the application in this scenario. The temporary stop and storing of any reports is a generic service-agnostic functionality which can be handled directly at RAN level in the UE. This would also remove any impact on CT1.

SA4 thus decided to not implement this functionality at the application level. If this is not acceptable we kindly ask SA5 to explain why the application needs to be involved.

As per the text highlighted above in the SA4 reply LS, SA4 doesn’t want to involve UE APP layer during RAN overload and wants to handle this at UE AS layer itself. However, we think that the UE APP layer should be involved in this scenario due to the following reasons:

1) If UE APP layer is not involved, we would have to reserve memory at UE AS layer to buffer the QoE reports received from UE APP layer (Solution 2).  This is an additional memory constraint at UE, which can be circumvented if UE APP layer buffers the QoE report with itself (Solution 3)

2) SA4 statement that “The temporary stop and storing of any reports is a generic service-agnostic functionality” might not necessarily be true. RAN might choose to selectively suspend QoE reporting of only certain service types and continue to receive QoE reports of some service types such as URLLC. This also requires the involvement of UE APP layer

Proposal 4: Send an LS to SA4 clarifying why the application needs to be involved for the temporary stop/start feature during RAN overload 

Observation 1: Upon RAN overload, RAN can either choose to suspend all service types configured for QoE reporting or selectively suspend certain service types for QoE reporting
Proposal 5: Send a LS to SA5 clarifying whether RAN should support selective suspension of QoE report for certain service types
2.2 QoE measurement handling at RRC_IDLE and RRC_INACTIVE
The current framework of LTE QoE is based on a push-based mechanism, where the UE APP pushes the QoE measurements to UE AS layer whenever there are application layer measurements available and based on SA4 definition of QoE report for a particular service type. 

Also, UE APP is agnostic of the UE RRC state and it might happen that UE APP pushes the QoE report to UE AS when UE is in RRC_IDLE or RRC_INACTIVE. In such a scenario, following things can happen:

i) If there is memory reserved at UE AS, UE can buffer the QoE measurements and can report it once UE goes back to RRC_CONNECTED. This is same as solution 2 in section 2.1 and has drawback that this needs additional memory at UE AS and is not preferred
ii) If there is no memory reserved at UE AS, it can drop the QoE measurements coming from UE APP. In this case, QoE measurements are dropped and hence not optimal
For NR QoE, certain services such as MBMS can run in RRC_IDLE/RRC_INACTIVE and it is important to measure QoE irrespective of RRC state for QoE optimization purposes.
Proposal 6: UE should be able to measure and store QoE measurements in RRC_IDLE and RRC_INACTIVE states
To support the measurement and storage of QoE measurements in RRC_IDLE and RRC_INACTIVE, we propose to use a similar mechanism as Solution 3 in section 2.1. This is shown in detail in Figure 2. Here, we also propose to include the “Allowed Area for QoE” in RRCRelease. This denotes the list of allowed areas (TA/RNA/Cell ID) where QoE measurements are allowed. This allowed area list is used by UE AS to determine whether QoE measurements can be done in RRC_IDLE/RRC_INACTIVE upon reselection.
Upon resume or reconnection, UE AS sends QMI or AT command restart request to UE APP to resume QoE reporting.
Proposal 7: RRCRelease should include the list of allowed areas for QoE measurement in RRC_IDLE/RRC_INACTIVE based on which UE AS decides whether to suspend/resume QoE reporting 
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Figure 2: QoE report handling in RRC_IDLE and RRC_INACTIVE
3. Conclusion

Proposal 1: No memory should be defined at UE AS layer to buffer QoE reports

Proposal 2: UE APP should support buffering of QoE reports upon receiving temporary stop request from UE AS till a restart indication is received.

Proposal 3: UE APP should stop forwarding QoE report to UE AS upon receiving temporary stop request from UE AS and resume forwarding upon the reception of a restart request.

Proposal 4: Send an LS to SA4 clarifying why the application needs to be involved for the temporary stop/start feature during RAN overload 

Observation 1: Upon RAN overload, RAN can either choose to suspend all service types configured for QoE reporting or selectively suspend certain service types for QoE reporting
Proposal 5: Send a LS to SA5 clarifying whether RAN should support selective suspension of QoE report for certain service types

Proposal 6: UE should be able to measure and store QoE measurements in RRC_IDLE and RRC_INACTIVE states
Proposal 7: RRCRelease should include the list of allowed areas for QoE measurement in RRC_IDLE/RRC_INACTIVE based on which UE AS decides whether to suspend/resume QoE reporting 
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