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Introduction
In this paper we discuss the support for QoE and RVQoE measurement collection (QMC) in NR-DC scenarios.

Discussion
In the following sections we discuss:
· m-based QoE measurement configuration.
· QoE measurement reporting.
· RVQoE measurement reporting.
· RVQoE measurement configuration.
· MN-SN coordination procedure.

0. m-based QoE measurement configuration 
The following agreement and TBCs were captured in the RAN3#117-e and RAN3#117-bis-e Chair notes:
If the M-based QoE configuration is received by the MN, the MN should make the decision on the UE selection and on which node sends the QoE configuration to the UE.
If the M-based QoE configuration is received only by the SN, whether the MN or the SN performs UE selection and sends the QoE configuration to the UE needs to be further discussed.
FFS on the SN should notify the MN about an m-based QoE configuration received. 
FFS on the content of the m-based QoE configuration.
FFS on whether it is UE associated or non-UE associated signalling or by OAM configuration. FFS whether the MN should notify the SN whether or not the UE is configured for m-based QMC.
If both MN and SN receive an m-based QoE configuration, the MN should decide on the UE selection and on which node sends the QoE configuration to the UE.
The discussion about whether the MN and SN should notify each other about configuring a UE with m-based QoE, or about an intention thereof, resulted in the following TBC:
FFS on the SN should notify the MN about an m-based QoE configuration received. 
Our view with respect to the SN notifying the MN can be summarized as follows:
· The SN should notify the MN when it is interested in configuring a UE with m-based QoE measurements, for example by indicating the m-based QoE reference.
· This indication is needed because:
· If the MN has received the m-based QoE configuration, it should decide about UE selection.
· The SN may not support SRB3/5 and may need help from MN to configure the UE and/or receive the reports.
· The MN may be out of area scope, or the MN is in area scope, but has not received the m-based QoE configuration. The SN should be able to learn if any of these two cases holds. If so, the SN can configure the UE.
· The MN may have cells which are within the area scope, and cells that are outside the area scope. The SN may be aware of this from the cell info exchanged at Xn setup, but it does not know whether any of a certain UE’s MCG cells is inside the area scope. The SN may also have incomplete info about the MN’s served cells, since, according to TS 38.323, the exchanged cell lists may be partial.
· The MN and SN can be controlled by different OAMs.
· The MN may not support Rel-17 and/or Rel-18 QoE, and the SN needs to learn that.
· The MN can reply in one of the following ways:
· That the MN is going to send the configuration to the UE.
· That the SN should send the configuration to the UE directly.
· That the SN should send the configuration to the UE via the MN.
· Note that RAN2 agreed that "Either SRB1 or SRB3 can be used for providing SN configuration to UE (at least for m-based QoE)".
· The MN can also fail the procedure (e.g., in case it did not receive the configuration, or if it does not support Rel-17 and/or Rel-18 QoE).
Proposal 1: If the SN is interested in configuring a UE with m-based QoE measurements, it should notify the MN by indicating the corresponding QoE reference.
In the above proposal, it is assumed that the UE is connected in an SCG cell which is included in the area scope.
On the other hand, we think that the MN should be able to inform the SN that a UE is configured with an m-based QoE measurement, but this should not be mandated – it should be done only when needed, for example, to enable reporting leg switching.
Proposal 2: The MN can inform the SN that a UE is configured with an m-based QoE measurement.
The above is in line with the principle that, if MN or both MN and SN receive the m-based QoE configuration, the MN decides about which node configures the UE. The former case was agreed at the RAN3#117-e meeting. The latter case was captured in the following TBC, and we propose to turn it into an agreement:
If both MN and SN receive an m-based QoE configuration, the MN should decide on the UE selection and on which node sends the QoE configuration to the UE.
Proposal 3: If both MN and SN receive an m-based QoE configuration, the MN should decide about which node sends the QoE configuration to the UE.
The case where only the SN receives an m-based QoE configuration may happen for several reasons, for example:
· The MN may be out of area scope.
· The MN is in area scope but has not received the m-based QoE configuration.
With respect to the above scenario, the following was agreed at the RAN3#117-e meeting:
If the M-based QoE configuration is received only by the SN, whether the MN or the SN performs UE selection and sends the QoE configuration to the UE needs to be further discussed.
We think that, in case only the SN has received an m-based QoE configuration, there is no reason for the MN to participate in the UE selection. Hence, the SN should be responsible for UE selection and, if possible, configuration. However, the SN may need to notify the MN about its intention to configure the UE, to be able to determine that the MN has not received the m-based QoE configuration.
Proposal 4: If the m-based QoE configuration is received only by the SN, the SN performs UE selection and sends the QoE configuration to the UE.

QoE measurement reporting
The following RAN3#117-bis-e agreements pertain to the switching of reporting leg:
In DC, the UE switches the reporting leg based on indication from network, FFS on implicit or explicit way.
RAN3 should discuss which node can command the UE to switch the reporting leg.
We think that explicit indication for switching of reporting leg should be supported. One implicit leg switching indication discussed earlier is the setup of SRB. However, given that the UE may be configured to send the reports pertaining to certain configurations to the MN, and the reports pertaining to some other configurations to the SN (e.g., depending on which node carries the session to the UE), we conclude that SRB setup cannot be used as an implicit indication of leg switching. On the other hand, deconfiguring an SRB may indeed be an implicit indication of leg switching, but we do not see the need to specify such an option, since it can be realized by UE implementation. 
Proposal 5: The network can explicitly instruct a UE in NR-DC to switch the reporting leg. 
With respect to which node can command the UE to switch the reporting leg, we think that the node that currently receives the reports via Uu should be able to request the switch from the other node (e.g., if, for any reason, it is not able to receive the reports anymore). However, we also think that the command can be sent to the UE by the MN, even if the reports are currently sent to the SN. This is needed for, e.g., the SN RLF case, where the MN is the only node with a working connection to the UE. The leg switch needs to be approved by the node that is bound to start receiving the reports. Finally, we think that the leg switch should be per QoE and/or RVQoE configuration.
Proposal 6: The leg switching command per QoE and/or RVQoE configuration can be sent to the UE by the MN or by the node that receives the QoE and/or RVQoE reports (if different from the MN).
Proposal 7: The leg switching always needs to be approved by the node that is bound to start receiving the reports.
Another open issue is related to the following agreement:
Turn into an agreement the WA stating that, if QoE reports are received by the SN, the SN can forward the QoE reports to MCE directly.
If a node has configured the UE with QoE measurements, and the other node is receiving the QoE reports from the UE and forwarding them directly to the MCE, then:
· The node that has configured the UE with QoE measurements should indicate the QoE reference to the node that receives the reports and forwards them directly to MCE.
· Indication of MCE IP address is FFS
In our view, the MCE IP indication should be optional – in case the node that configured the UE knows that the other node is inside area scope and has received the corresponding m-based QoE configuration (the node may learn this from previous coordination), then the indication of MCE IP is not needed. Nevertheless, an indication of RRC ID (i.e., measConfigAppLayerId) is needed, so that the node receiving the reports could map it to the QoE reference. 
Proposal 8: In addition to the QoE reference, the node that has configured the UE with QoE measurements should indicate to the node that receives the reports and forwards them directly to MCE:
· The MCE IP address (optional).
· The RRC ID.

RVQoE measurement reporting
The related RAN3#117-bis-e agreements state:
The MN can receive RVQoE reports directly from the UE.
The SN can receive RVQoE reports directly from the UE.
Turn the following WA into an agreement: “UE can send RVQoE report to the MN, the MN then forward the RVQoE report to the SN if needed, and vice versa”.
Agree to ensure that the RVQoE report is sent to the node(s) that provide the bearer(s) associated to the corresponding RVQoE measurement result in the RVQoE report. FFS on how to ensure. 
The logic behind the agreement that “UE can send RVQoE report to the MN, the MN then forward the RVQoE report to the SN if needed, and vice versa” is that the node that carries the application session should be provided with the corresponding RVQoE reports. The agreement implies transferring the RVQoE reports from the Uu and then via XnAP to the recipient. Nevertheless, we think that it should be possible to send the QoE reports and their corresponding RVQoE reports over different legs, for several reasons:
· The QoE and RVQoE reports can already be sent at different periodicities, i.e., in different messages.
· The RVQoE reporting is not paused at overload, as opposed to the QoE reporting.
· The node delivering the application session to the UE may change, which means that the recipient of RVQoE reports may change. Meanwhile, the recipient of QoE reports does not change, it is always the MCE.
· Being forced to send the RVQoE reports via the node that is not their ultimate recipient significantly adds to latency.
Proposal 9: In NR-DC, the QoE reports can be sent over a different leg than the corresponding RVQoE reports.

RVQoE measurement configuration 

The RAN3#117-bis-e agreement stating that “Agree to ensure that the RVQoE report is sent to the node(s) that provide the bearer(s) associated to the corresponding RVQoE measurement result in the RVQoE report. FFS on how to ensure.” is tightly related to the TBC stating that “The issue is acked, and continue the discussion on how to enable that node that provide(s) bearers associated to the RVQoE report(s) participate in RVQoE configuration.”. The underlying question is: how can the RAN learn which of the two nodes carries the application session? This knowledge ensures that the following two essential requirements are fulfilled:
· Requirement A: RVQoE measurement configuration comes from the node that carries the session at the time of configuration.
· Requirement B: RVQoE measurement reports are sent to the node that carries the session.
Several options for the fulfilment of Requirement A can be considered:
Option 1: The network sends two RVQoE configurations to the UE, one pertaining to the MN, and the other one pertaining to the SN. When the UE realizes which node carries the session, the UE applies the corresponding configuration and starts the measurements and the reporting. 
Option 2: Configure the RVQoE after the session starts – when the session starts, only the QoE measurement starts. After it is determined which node carries the session, the node carrying the session configures the RVQoE and sets up the reporting. 
Option 3: The network blindly configures RVQoE measurements and modifies the RVQoE configuration after determining which node carries the session. After it is determined which node carries the session, the node carrying the session can modify the RVQoE configuration, if needed.
Option 4: The node responsible for sending the RVQoE configuration to the UE merges the MN and SN RVQoE configuration and sends them to the UE. After it is determined which node carries the session, the node carrying the session can modify the RVQoE configuration, if needed.
Proposal 10: Discuss how to ensure that the node that provide(s) bearers associated to the RVQoE report(s) when the RVQoE configuration is generated participates in RVQoE configuration.
We can consider two approaches to satisfy Requirement B:
· UE-based solution: the UE realizes which node carries the session and indicates that to the network. For example, the application could indicate (via the UE AS) together with the session start indication, which socket parameters it uses and then the network can figure out which DRB this will map to. Alternatively, the UE AS can translate the socket parameters to DRB ID(s) and send the indication of DRB IDs together with the session start indication. In response to receiving the RVQoE configuration, the UE returns the socket parameters, which the UE AS forwards to the network, or translates to DRB ID(s) which it sends to the network.
· Network-based solution: the network receives an RVQoE report, and, based on the PDU session ID and QFI therein, realizes which node carries the session.
Proposal 11: Discuss the UE-based and the network-based solution for the RAN to determine which node(s) provide(s) the bearers associated to the corresponding RVQoE measurement result in the RVQoE report.
Other relevant RAN3#117-bis-e agreements are:
The MN can generate an RVQoE configuration for a UE.
The SN can generate an RVQoE configuration for a UE. FFS whether MN can modify the SN generated RVQoE configuration
The MN can send an RVQoE configuration to the UE.
FFS on the SN can send an RVQoE configuration to the UE.
The node that received the QoE configuration from the AMF/OAM can send to the other node the list of available RVQoE metrics.
With respect to the FFS in the second agreement (“FFS whether MN can modify the SN generated RVQoE configuration”), we think that both the MN and the SN should be able to modify the RVQoE configuration generated by the other node. This is needed if the node carrying the application session is changed (the data is first delivered to the UE via the MN, and then via the SN), assuming the principle that the node carrying the session shall participate in generating the RVQoE configuration.
Proposal 12: The MN can modify the SN-generated RVQoE configuration, and vice versa.
We think that both the MN and the SN should also be able to send the RVQoE configuration to the UE, not only because the session may be carried via the SN, but also to support the case when the MN does not support RVQoE or does not support Rel-18 QoE/RVQoE. 
Proposal 13: The SN can send an RVQoE configuration to the UE.

MN-SN coordination procedure
The following was agreed at the RAN3#117-bis-e with respect to the MN-SN coordination procedure:
The coordination between the MN and the SN should support at least the following (details to be further discussed):
· Initiation by either the MN or the SN for m-based QoE, by the MN for s-QoE.
· Coordination for configuring the UE.
· Coordination for establishing the SRB for receiving QoE/RVQoE reports.
· Indication about switching the reporting leg.
From the discussion in previous sections, it follows that the coordination procedure should be able to be initiated by either the MN or the SN for m-based QoE, and only by the MN for s-QoE.
Proposal 14: The coordination procedure between the MN and the SN can be initiated by either the MN or the SN for m-based QoE, and by the MN for s-based QoE.
Another issue is whether the coordination procedure should be UE-associated (UA) or Non UE-associated (NUA). We think that the coordination procedure should be UA, for at least the following reasons:
· The QoE measurements are related to (or a part of) the UE context, which calls for a UA procedure.
· The coordination for s-based QoE/RVQoE measurements must anyway be UA.
Proposal 15: The MN-SN QoE/RVQoE coordination procedure is UE-associated.

Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses the support for QoE and RVQoE measurements and reporting in NR-DC scenarios. The following is proposed:
Proposal 1: If the SN is interested in configuring a UE with m-based QoE measurements, it should notify the MN by indicating the corresponding QoE reference.
Proposal 2: The MN can inform the SN that a UE is configured with an m-based QoE measurement.
Proposal 3: If both MN and SN receive an m-based QoE configuration, the MN should decide about which node sends the QoE configuration to the UE.
Proposal 4: If the m-based QoE configuration is received only by the SN, the SN performs UE selection and sends the QoE configuration to the UE.
Proposal 5: The network can explicitly instruct a UE in NR-DC to switch the reporting leg. 
Proposal 6: The leg switching command per QoE and/or RVQoE configuration can be sent to the UE by the MN or by the node that receives the QoE and/or RVQoE reports (if different from the MN).
Proposal 7: The leg switching always needs to be approved by the node that is bound to start receiving the reports.
Proposal 8: In addition to the QoE reference, the node that has configured the UE with QoE measurements should indicate to the node that receives the reports and forwards them directly to MCE:
· The MCE IP address (optional).
· The RRC ID.
Proposal 9: In NR-DC, the QoE reports can be sent over a different leg than the corresponding RVQoE reports.
Proposal 10: Discuss how to ensure that the node that provide(s) bearers associated to the RVQoE report(s) when the RVQoE configuration is generated participates in RVQoE configuration.
Proposal 11: Discuss the UE-based and the network-based solution for the RAN to determine which node(s) provide(s) the bearers associated to the corresponding RVQoE measurement result in the RVQoE report.
Proposal 12: The MN can modify the SN-generated RVQoE configuration, and vice versa.
Proposal 13: The SN can send an RVQoE configuration to the UE.
Proposal 14: The coordination procedure between the MN and the SN can be initiated by either the MN or the SN for m-based QoE, and by the MN for s-based QoE.
Proposal 15: The MN-SN QoE/RVQoE coordination procedure is UE-associated.
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