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1. Introduction
In RAN #86 meeting, the new SID [1] on NR QoE management and optimizations for diverse services was agreed. In the last meeting, RAN3 discussed the framework for triggering, configuring, measurement collection and reporting. RAN3 has the following agreement:
	NR QoE management supports following service types: 
Streaming video: TS 26.247
VR: TS 26.118
MTSI: TS 26.114
MBMS: TS 26.347
Discuss the QoE measurement configuration and reporting in SA, NSA and MR-DC.
RAN3 agrees to study:
- The mechanisms for RAN releasing QoE measurements; 
- The mechanisms for handling QoE report delivery at RAN overload.
Mobility support is specified for both signaling- and management-based NR QoE management.
Both the management-based and signalling-based solutions for NR QoE management are supported.
Discuss event- and time-based measurement triggering and stopping, as well as measurement triggering by RAN.



In this contribution, we will further discuss QoE measurement configuration and reporting in SA, NSA and MR-DC.
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2.1 SA
In the last meeting, RAN3 has agreed that both the management-based and signalling-based solutions for NR QoE management are supported. As discussed in [2], some metrics defined by SA4 are not needed to be visible at the RAN because the RAN cannot optimize the radio layer based on these metrics and some metrics should not be visible at the RAN because there are potential privacy issues. Therefore we think we should take the principles of LTE as the baseline, i.e. the QoE configuration and QoE measurement results defined by SA4 should be delivered as a container. After RAN3 reach an agreement that some metrics can be visible at the RAN, RAN3 can continue to consider the enhancements based on the baseline.
Proposal 1: Take the principles of LTE QoE mechanism as the baseline, i.e. the QoE configuration and QoE measurement results defined by SA4 should be delivered as a container.
In the last meeting, RAN3 agreed to discuss the event-based and time-based measurement triggering and stopping. According to the contributions in the last meeting, the time-based measurement triggering is to enable the network operator to set the time schedule for QoE measurement. In LTE, SA4 defined some measurement and reporting rules for the metrics. For example, SA4 defined the reporting interval and the measurement interval and reporting range in TS 26.114.

	The "Metrics" field contains the list of names that describes the metrics/measurements that are required to be reported in a MTSI call, provided that the MTSI client supports these measurements and the reporting rule conditions are met (see clause 16.3.3). The names that are not included in the "Metrics" field shall not be reported during the session.
The "Sending-Rate" shall be set, and it expresses the maximum time period in seconds between two successive QoE reports. If the "Sending-Rate" value is 0, then the client shall decide the sending time of the reports depending on the events occurred in the client. Values  1 indicate a precise reporting interval. The shortest interval is one second and the longest interval is undefined. The reporting interval can be different for different media, but it is recommended to maintain a degree of synchronization in order to avoid extra traffic in the uplink direction. The value "End" indicates that only one report is sent at the end of the session. 
The optional "Measure-Resolution" field, if used, shall define a time over which each metrics value is calculated. The "Measure-Resolution" field splits the session duration into a number of equally sized periods where each period is of the length specified by the "Measure-Resolution" field. The "Measure-Resolution" field is thus defining the time before the calculation of a QoE parameter starts over. If the "Measure-Resolution" field is not present, the metrics resolution shall cover the period specified by the "Measure-Range" field. If the "Measure-Range" field is not present the metrics resolution shall be the whole session duration. 
The optional "Measure-Range" field, if used, shall define the time range in the stream for which the QoE metrics will be reported. There shall be only one range per measurement specification. The range format shall be any of the formats allowed by the media. If the "Measure-Range" field is not present, the metrics range shall be the whole call duration.


Also SA4 defined the reporting interval and the measurement interval for the streaming/VR/MBMS services. Therefore we think RAN3 can take these mechanism as the baseline. 
Additional RAN configured mechanism could be considered, but a potential issue is, mechanism configured by RAN should not conflict with the one included in the container, which further introduces complexity.
Proposal 2: Reuse the reporting criteria included in the QoE measurement configuration from application layer as base line, i.e. RAN involvement should not conflict with the configuration from application layer.
For the event-based measurement triggering and stopping, according to the contributions in the last meeting, the motivation is to reduce the signalling overhead caused by the QoE measurement data. For example, some companies think the network does not need to collect the QoE measurement if the user experience is good. During the discussion in LTE, SA4 sends one LS R2-1704113 to indicate the agreements on the QoE measurements only within a certain geographical area. SA4 think the fragmented QoE reports covering only parts of a session are not very useful due to the intended usage of the QoE reports. Also SA4 has specified the rules of checking the QoE configuration.
	The QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criterias for an ongoing session shall be unaffected by any QoE configuration changes received during that session. This also includes evaluation of any filtering criterias, such as geographical filtering, which shall only be done when the session starts. Thus changes to the QoE configuration will only affect sessions started after these configuration changes have been received.


In our understanding, the event-based measurement triggering and stopping will impact rules of the QoE reporting defined by SA4. Therefore RAN3 needs to check with SA4 if RAN3 wants to agree the event-based measurement triggering and stopping for the QoE reporting carried as a container.
Observation 1: SA4 has specified that the QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criteria for an ongoing session shall be unaffected by any QoE configuration changes received during that session.
With this observation, the next step is, once the measurement report is generated and ready to send based on the reporting criteria configured in the container, what if radio resource/interface is overloaded. The question behind is, whether there is any negative consequence or not if QoE report could not be sent to network side immediately. In our understanding, QoE report is for the application layer to evaluate the use experience, and normally the QoE report is sent to application layer after the session is over, i.e. normally the QoE report is not for real-time usage, and one single QoE report doesn’t impact much since the application layer should evaluate the situation in a statistical way based on large amount of QoE reports, from which we could understand that there should be no obvious negative consequence if a QoE report is delayed or even dropped. 
Observation 2: There should be no obvious negative impacts if a QoE report is delayed or even dropped, since the application layer should evaluate the situation in a statistical way based on large amount of QoE reports.
With this observation, we think that RAN could intervene the reporting of QoE report to a certain extent, e.g. as mentioned in last meeting, RAN could configure UE’s reporting behaviour, e.g. delay, suspend or even drop the report in case of e.g. radio resource overloaded. However, since measurement itself is an upper layer behaviour specified by SA4, we think it is not proper for the RAN to intervene this process, i.e. once the measurement is started it should be suspended or paused, this could also be seen from SA4 spec below:
	The QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criterias for an ongoing session shall be unaffected by any QoE configuration changes received during that session. This also includes evaluation of any filtering criterias, such as geographical filtering, which shall only be done when the session starts. Thus changes to the QoE configuration will only affect sessions started after these configuration changes have been received.


Proposal 3: RAN could configure UE’s reporting behaviour, e.g. delay, suspend or even drop the report in case of e.g. radio resource overloaded situation.
In LTE, E-UTRAN can release the QoE measurement configuration towards the UE at any time. The motivation is that the network may release the QoE measurement configuration when the load in the network is very high or the UE has moved out of the area of QoE measurement. In our understanding, this mechanism could be reused in NR. The management based QoE measurement is initiated without targeting a specific UE, releasing a QoE measurement triggered by management based QoE measurement should not cause any negative impacts. The signaling based QoE measurement is initiated towards a specific UE, and can be forwarded to the target NG-RAN from the source NG-RAN in case of handover, and missing of one specific QoE report doesn’t impact the system much as observed above, we think the NG-RAN also does not need to inform the CN about the releasing of a certain QoE measurement.
Proposal 3bis: RAN is allowed to release an ongoing QoE measurement, but should not suspend/pause an ongoing QoE measurement, and does not need to inform the OAM/CN after releasing a certain QoE measurement.
According to the above discussions, we think NR can take the LTE based QoE measurement procedure as the baseline. Also in the last meeting, RAN3 has agreed to use the control plane to transmit the QoE reports. Therefore we think the NR QoE procedure is as following:
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Figure 1 QoE measurement procedures in NR
From this illustrative figure above, the procedure goes as follows:
· NG-RAN receives the QoE measurement configuration from CN or OAM;
· NG-RAN configures QoE measurement with RRC message, in which at least the container of QoE measurement and configuration service type are included;
· UE (AS layer) receives the QoE measurement configuration and forward container and service type to upper layer
· UE Upper layer performs QoE measurement
· UE Upper layer incorporates QoE measurement results into a container with service type and sends to UE AS layer.
· UE AS layer reports the container of QoE measurement results and service type to RAN with RRC message
· RAN forwards the received QoE measurement results and service type to TCE
Proposal 4: It is proposed RAN3 discuss the QoE measurement procedures in NR and capture Figure 1 in the TR.
In the last meeting, RAN3 has agreed that mobility support is specified for both signalling based and management based NR QoE management. In LTE, the QoE measurement is activated by Trace Function from the MDT framework. For the signalling based immediate MDT in both LTE and NR, the source RAN forwards the MDT configuration to the target RAN in the handover request message. For the management based immediate MDT, the source RAN does not need to forward the MDT configuration to the target RAN. The target RAN configures the management based immediate MDT according to the MDT configuration received from OAM. In LTE, the source RAN also only forwards the signalling based QoE configuration to the target RAN. Here for management based QoE measurement, considering a fact that the target may also have received management based QoE measurement from OAM, then it is up to target to decide whether to continue the original one or configure a new one based on its local configuration.
Therefore we think NR can take the same principles for both management based on signalling based QoE measurement. 
Proposal 5: In order to support continuity during mobility process for both signalling based and management based NR QoE measurement, it is proposed to take the same principle adopted for LTE QoE measurement, i.e. source RAN forwards both the signalling and management based QoE configuration to the target RAN during handover phase.
Proposal 5bis: For management based QoE measurement, it is proposed that the target RAN could decide the subsequent handling according to its local situation.
2.1 NSA and MR-DC
Currently in LTE, immediate MDT is supported for EN-DC scenario in R16. In signalling based immediate MDT, MME provides MDT configuration for both MN and SN towards MN including multi RAT SN configuration, specifically E-UTRA and NR MDT configuration, MN then forwards the NR MDT configuration towards SN. In the last meeting of WID of R17 MDT, RAN3 has the following agreements:
· For management based immediate MDT in NR-DC, OAM provides the MDT configuration to MN and SN independently.
· For MDT in NGEN-DC and NE-DC, the SN receiving the management based immediate MDT and the signalling based immediate MDT in EN-DC is taken as baseline.
In MR-DC including NSA, the MN can offload some services to the SN. There are 6 bearer types, i.e. the MN terminated MCG/SCG/Split bearer and the SN terminated SCG/MCG/Split bearer. In our understanding, the QoE measurement results are mainly impacted by lower layer configuration and scheduling. We think the operators may want to know the QoE measurement results provided by the SN in order to optimize the network performance of SN. Although the application layer does not know whether MR-DC is configured or not in the RAN side, we think there are some cases that the SN need to configure the QoE measurement for the UE. For example, for the management based QoE measurement, maybe only the SN receives the QoE measurement configuration from the OAM. Therefore we think the SN also can configure the QoE measurement. 
Proposal 6: When a QoE measurement request is received, the receiving end, i.e. the gNB, could select a UE in MR-DC operation including NSA, even if this gNB is acting as SN for that UE, and could configure the QoE measurement directly towards that UE over SN leg.
The difference between MDT measurement and QoE measurement is, the measurement quantities for MDT are RAN oriented which could be MN and SN specific, thus both MN and SN could configure MDT measurement respectively upon receiving request. Things are a bit different for QoE case, since the ones for QoE measurement are E2E level which are not related with RAN side specific operation/configuration, this would naturally lead to an issue of coordination needed between MN and SN, when a QoE measurement configuration towards a certain UE in MR-DC operation is needed, the coordination at least includes: 1) who decides which node to send configuration; 2) if RAN assisted measurement is supported, how this measurement configuration is generated and configured to UE; 3) if QoE report visibility is supported, whether the visible QoE report should be exchanged between SN and MN or not. 
Observation 3: For MR-DC operation, coordination is needed between MN and SN on e.g. which node to configure QoE measurement, how RAN assisted measurement is configured, etc.
Based on the observation above, it is obvious that coordination is needed, and detailed mechanism is normative phase work, but we could reach some basic rules such as only one node is allowed to configure the QoE measurement and assisted measurement, and the MN could be the node to make the decision on which node to configure, since it is the MN to decide which services are offloaded to the SN, therefore the straightforward method is the MN to decide which services of QoE measurement can be configured by the SN.
Proposal 6bis: For MR-DC operation including NSA, only one node is allowed to configure the QoE measurement, and the MN could decide which node to configure the QoE measurement for a certain service type.
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Based on the discussion in this paper, we propose the following:
Observation 1: SA4 has specified that the QoE configuration shall only be checked by the client when each session starts, and thus all logging and reporting criteria for an ongoing session shall be unaffected by any QoE configuration changes received during that session.
Observation 2: There should be no obvious negative impacts if a QoE report is delayed or even dropped, since the application layer should evaluate the situation in a statistical way based on large amount of QoE reports.
Observation 3: For MR-DC operation, coordination is needed between MN and SN on e.g. which node to configure QoE measurement, how RAN assisted measurement is configured, etc.
Proposal 1: Take the principles of LTE QoE mechanism as the baseline, i.e. the QoE configuration and QoE measurement results defined by SA4 should be delivered as a container.
Proposal 2: Reuse the reporting criteria included in the QoE measurement configuration from application layer as base line, i.e. RAN involvement should not conflict with the configuration from application layer.
Proposal 3: RAN could configure UE’s reporting behaviour, e.g. delay, suspend or even drop the report in case of e.g. radio resource overloaded situation.
Proposal 3bis: RAN is allowed to release an ongoing QoE measurement, but should not suspend/pause an ongoing QoE measurement, and does not need to inform the OAM/CN after releasing a certain QoE measurement.
Proposal 4: It is proposed RAN3 discuss the QoE measurement procedures in NR and capture Figure 1 in the TR.
Proposal 5: In order to support continuity during mobility process for both signalling based and management based NR QoE measurement, it is proposed to take the same principle adopted for LTE QoE measurement, i.e. source RAN forwards both the signalling and management based QoE configuration to the target RAN during handover phase.
Proposal 5bis: For management based QoE measurement, it is proposed that the target RAN could decide the subsequent handling according to its local situation.
Proposal 6: When a QoE measurement request is received, the receiving end, i.e. the gNB, could select a UE in MR-DC operation including NSA, even if this gNB is acting as SN for that UE, and could configure the QoE measurement directly towards that UE over SN leg.
Proposal 6bis: For MR-DC operation including NSA, only one node is allowed to configure the QoE measurement, and the MN could decide which node to configure the QoE measurement for a certain service type.
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6. Annex- TPs to be captured in TR
6.X General procedure for QoE measurement in NR
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Figure 1 QoE measurement procedures in NR
From this illustrative figure above, the procedure goes as follows:
· NG-RAN receives the QoE measurement configuration from CN or OAM;
· NG-RAN configures QoE measurement with RRC message, in which at least the container of QoE measurement and configuration service type are included;
· UE (AS layer) receives the QoE measurement configuration and forward container and service type to upper layer
· UE Upper layer performs QoE measurement
· UE Upper layer incorporates QoE measurement results into a container with service type and sends to UE AS layer.
· UE AS layer reports the container of QoE measurement results and service type to RAN with RRC message
· RAN forwards the received QoE measurement results and service type to TCE
In order to support continuity during mobility process for both signalling based and management based NR QoE measurement, the source NG-RAN should forward the QoE measurement configuration to the target NG-RAN during handover phase. 
For management based QoE measurement, when the target node receives the forwarded QoE measurement configuration, and considering the fact that this target node itself could also receive QoE measurement request from OAM, it is up to target node to decide the subsequent handling according to its local situation, e.g., either to continue the measurement using the previous configuration received from source side or, to release previous configuration and initiate a new measurement based on its own configuration received from OAM.
Since QoE report is for the application layer to evaluate the use experience, and normally the QoE report is sent to application layer after the session is over, i.e. normally the QoE report is not for real-time usage, and one single QoE report doesn’t impact much since the application layer should evaluate the situation in a statistical way based on large amount of QoE reports, so it is technically feasible that RAN could configure UE’s reporting behaviour, e.g. delay, suspend or even drop a QoE report in case of e.g. radio resource overloaded situation. 
In addition, RAN is also allowed to release an ongoing QoE measurement, but should not suspend/pause an ongoing QoE measurement, and does not need to inform the OAM/CN after releasing the QoE measurement configuration.
6.y QoE measurement and reporting mechanism under MR-DC operation
6.y.1 General principles
Since there are obvious difference between MDT measurement and QoE measurement, the measurement quantities for MDT are RAN oriented which could be MN and SN specific, thus both MN and SN could configure MDT measurement respectively upon receiving request, while the ones for QoE measurement are E2E level which are not related with RAN side specific operation/configuration, thus there should be some general principles:
· There should be only one QoE measurement to be configured towards a certain UE under MR-DC operation
· There should be only one node, either MN or SN, to be allowed to configure the QoE measurement
6.y.2 Coordination between MN and SN
Since both MN and SN are involved in the process and only one node is allowed to configure the QoE measurement, this would naturally lead to an issue of coordination needed between MN and SN, when a QoE measurement configuration towards a certain UE in MR-DC operation is needed, the coordination at least includes: 
· who decides which node to send configuration
· if RAN assisted measurement is supported, how this measurement configuration is generated and configured to UE
· if QoE report visibility is supported, whether the visible QoE report should be exchanged between SN and MN or not.
It is the fact that only MN will receive signalling based measurement request, and it is the MN to decide which services could be offloaded to the SN, it is suggested that MN could be the node to make the decision on which node to configure, detailed mechanism could be left to normative phase.
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