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1	Introduction
This contribution discusses open issues related to QoE framework such as:
1. QoE configuration and reporting, e.g. segmentation of QoE reports
2. QoE handling during mobility
3. QoE pause/resume mechanism
2	QoE configuration and reporting
The following agreements were made during RAN2#116 meeting with respect to QoE configuration and reporting framework:
	· Reply to SA4 that the size limitation of the QoE report has chanegd. RAN2 has agreed to optionally support RRC segmentation for transmission of QoE reports, and we indicate the new limits
· Size limit of QoE configuration = size of one PDCP SDU.
· Inform CT1 and SA4 of these agreements and ask them to specify the measConfigAppLayerId (e.g. in AT command). Can also discuss whether we need to have an action related to size limitation (whether to inform application of the size that is supported). 
· FFS if to Allow multiple QoE reports in the same RRC message, but leave it to UE implementation when / whether to use this (does not involve additional buffering). 


The open issues related to this topic are discussed in the following sub-sections.
2.1	QoE configuration container size 
With respect to size limitation of QoE configuration container, there was a doubt during the discussion on RRC running CR about how to implement the agreement that “Size limit of QoE configuration = size of one PDCP SDU”. As discussed previously, the rationale for limiting the size of QoE configuration to the maximum size of PDCP SDU was to ensure that all QoE configurations can be provided to the UEs regardless of whether they support RRC segmentation or not. Therefore, such container needs to fit into a single RRC Reconfiguration message and the overhead related to RRC Reconfiguration message has to be considered. In order to do that we propose to have a safe margin of 1000 bytes to account for the overhead of other fields present in RRC Reconfiguration, which would result in the maximum container size of 8000 bytes. It should be noted that similar logic was assumed for QoE report in LTE whose size was limited to 8000 bytes as well.
Proposal 1: Maximum size of the QoE configuration container should be specified as 8000 bytes in RRC, to account for an overhead of other fields that may need to be included in the RRC Reconfiguration message.
2.2	QoE report message
When it comes to the QoE reporting, it is still undecided whether a single report message may contain more than one QoE report container. During normal operation, it will be coincidental for two reports to arrive at AS layer at the same time. On the other, multiple QoE reports may get available at AS layer when the network issues a QoE resume command after having paused it for some time. In this case it would be beneficial to have a possibility to send them in a single message.
Proposal 2: Multiple QoE reports can be included in a single QoE report message.
Another open issue related to QoE reporting is about whether to inform application layer of the maximum QoE report size that is configured at the UE. Since RRC segmentation is optional for both the UE and the network, the network may decide whether the UE is allowed to use it which is done by setting rrc-SegAllowed field in AppLayerMeasConfig. As clarified in the LS from SA4 in [1], currently, any QoE container exceeding the size limit is discarded by the application layer as it is pointless to provide oversized QoE reports to AS layer in case they cannot be transmitted anyway. The same rationale holds for the NR UE which is not configured/capable of RRC segmentation. In order to avoid oversized QoE reports from arriving at the AS layer, they should still be discarded in the application layer. To make it possible, AS layer should inform application layer whether the legacy size limitations should apply (i.e. 8000 bytes) or whether there is no size limitation for the report (or the allowed size is larger). Additionally, in case the application layer is able to predict the size of the compressed report, such indication can be used to stop recording further metrics in case the QoE report would exceed the maximum size anyway.
Proposal 3: To avoid oversized QoE reports from being provided from application layer to the AS layer, AS layer should inform application layer whether the reports larger than 8000 bytes can be transmitted by the UE (i.e. depending on whether the UE is capable of and configured with RRC segmentation or not).

2.3	Maximum number of QoE configurations
This topic has been discussed in the past and the candidate values down-selected by RAN2 are 8, 16, 32 and 64. When we consider that a UE may support multiple services over multiple slices and potentially the network may be collecting measurements for multiple clients, then in order to be future proof, it would be worth choosing a higher number, e.g. 32. It should be remembered that this number denotes only the number of simultaneous configurations at the UE, it will never translate in a single UE having to perform all these measurements at the same time, e.g. the UE is expected to run only a couple of applications at the same time.
Proposal 4: The maximum configurable number of QoE configurations is 32.
3	QoE handling during mobility
This topic was discussed as part of the post RAN2#116 e-mail discussion and one of the outcomes was an LS to SA4 in [4]. In the LS, RAN2 asks several questions and most important of them is on whether the ongoing QoE sessions should continue even when the UE moves to a cell not belonging to the area scope of QoE configuration. In the e-mail discussion, as summarized in [5], the companies further debated about the solution to apply to area handling in case SA4 confirms the requirement as mentioned above. During the discussion, some companies proposed to re-discuss the solutions which were already excluded by RAN3 previously as RAN3 agreed to support a solution “where the network is responsible for keeping track of whether the UE is inside or outside the area and configures / releases configuration accordingly”, as per the LS in [6]. In our opinion, challenging this agreement and bringing back the rejected options is a very inefficient way of handling this topic. Since there was no technical blocking issue identified for the selected approach, there is no reason to move several steps back in this discussion. Therefore, we propose to confirm the following:
Proposal 5: RAN2 confirms that RAN2 does not intend to challenge RAN3 agreement on QoE area handling, i.e. the network is responsible for keeping track of whether the UE is inside or outside the area and configures / releases configuration accordingly.
Furthermore, in case SA4 confirms that ongoing sessions should continue even when the UE is handed over to the gNB which is outside of the area scope, a target gNB should be aware of the QoE configurations for which there are ongoing sessions to be able to make an informed decision about which QoE configurations to keep at the UE during handover. Even though some alternatives were proposed in [5], we think the simplest solution to address this issue would be for the network not to release the QoE configuration for which there is an ongoing QoE measurement even when the UE goes out of the area scope. To achieve this, the target gNB needs to be informed during a handover procedure about the fact that the UE’s QoE session is ongoing. Therefore, we propose to agree on the following:
Proposal 6: The UE informs the gNB when the QoE measurement session starts or when the session ends.
Proposal 7: During a handover, source gNB informs target gNB about the QoE measurement sessions which are ongoing at the UE.
Proposal 8: In case the UE moves out of the measurement area during a handover, the target gNB may consider the information about QoE configurations of the UE for which QoE measurement sessions are ongoing when making the decision about which QoE configurations to keep and which to release. 
Another aspect that was discussed and summarized in [5] was handling of QoE during handover with full configuration to a gNB supporting QoE. Such procedure would be required in case the target gNB supports QoE feature but is not able to comprehend another part of UE configuration. According to the current specifications, during full configuration, the UE clears most of its dedicated radio configurations. As an outcome of the e-mail discussion, the following was proposed: 
	Proposal 3	At mobility with fullConfig, the UE releases the QoE configurations if no measConfigAppLayerId is indicated by the network.


With respect to this proposal, the following TP for TS 38.331 is proposed:
	5.3.5.11	Full configuration
The UE shall:
[…]
1>	if no measConfigAppLayerId is indicated in the measConfigAppLayerToAddModList:
2>	inform upper layers about the release of all application layer measurement configurations;
2>	discard received application layer measurement report information from upper layers;
2>	consider itself not to be configured to send application layer measurement report. 



While we agree with the proposed change, we think it is not sufficient and some changes are required for application layer configuration procedure as well. Specifically, what has to be clarified is that the UE should not forward the application layer QoE configuration container to upper layers for those QoE configurations which the network intends to keep at the UE. If the container was forwarded as in the current procedure, then the application layer could interpret this as a new QoE configuration and discard the old one.
Proposal 9: During fullConfig, the UE should forward the QoE configuration container to upper layers only for new QoE configurations.
Since currently both measConfigAppLayerContainer-r17 and serviceType-r17 fields are optional in AppLayerMeasConfig IE, this can be simply achieved by clarifying the following for the QoE configuration procedure:
	5.3.5.x	Application layer configuration
The UE shall:
1>	if measConfigAppLayerToAddModList ia included in appLayerMeasConfig within RRCReconfiguration:
2>	for each measConfigAppLayerId value included in the measConfigAppLayerToAddModList:
3>	if measConfigAppLayerContainer is included for the corresponding MeasConfigAppLayer configuration:
34>	forward the measConfigAppLayerContainer and the measConfigAppLayerId to upper layers considering the serviceType;
3>	consider itself to be configured to send application layer measurement report for the measConfigAppLayerId in accordance with 5.7.x;
1> if measConfigAppLayerToReleaseList ia included in appLayerMeasConfig within RRCReconfiguration:
2>	for each measConfigAppLayerId value included in the measConfigAppLayerToReleaseList:
4>	inform upper layers about the release of the application layer measurement configuration;
4>	discard received application layer measurement report information from upper layers;
4>	consider itself not to be configured to send application layer measurement report for the measConfigAppLayerId.


4	QoE pause/resume mechanism
RAN2 has discussed QoE pause/resume mechanisms for several meetings already and decided to ask guidance from other WGs before making a final decision. The feedback that RAN2 received can be summarized as follows:
1. According to SA4 reply in [2]:
a. Application layer buffering of QoE data during QoE pause is feasible and offers high capacity of storage memory.
b. In case an application is terminated during pause, then it may not be possible to send the reports after resume any more. SA4 can address this issue in future release.
c. SA4 did not indicate their preferred solution and asked RAN2 several additional questions which are supposed to help them in doing that. In particular, SA4 asked whether pause/resume mechanism will help RAN considering the average data rate for QoE reports is as low as 100 bits/second. This topic was debated and eventually RAN plenary concluded that the work on this mechanism should continue in Rel-17 (as per RAN chairman notes):
	conclusion: The work on Pause/Resume should continue in Rel-17
- Technical discussion is left to RAN2 which needs to also involve RAN3 and SA4 on the matter.
- The specification work in Rel-17 should focus on a solution which provides overall benefits and not “eat up“ the potential gains by increased signaling


Based on this, we propose to send a reply to SA4 as in [8]. This reply follows the one proposed during the last meeting with slight modification of the reply to the last question ony, to cater for the RAN plenary conclusion as above.
2. In SA5 reply in [9], SA5 suggests to eliminate option 3 and leaves the decision of selecting between option 1 and 2 up to RAN2 and SA4, while noting the benefit of larger memory size availability in option 1.
3. In [10], SA3 indicates that: “Under the condition that the application layer handling of QoE reporting is implemented by the UE vendor or integrated as a part of the UE (software) package, they are considered trusted and SA3 does not see any security issue with Option 1.”
Observation 1: Based on the feedback received thus far from other WGs, both application layer and AS layer based QoE report storing during QoE pause is feasible and there is no clear preference given by other WGs. 
In addition to the observation above, based on the conclusion from RAN plenary quoted above, it seems to be a common understanding that SA4 should be involved in discussions on this mechanism and that the solution for QoE reporting should be simple as the magnitude of the problem that is solved is rather insignificant. In our understanding this leaves us with two potential approaches, as summarized in the table below.
	Solution
	RAN2 impacts
	SA4 impacts

	QoE report storing at application layer
	· specify pause/resume indication in RRC signalling (already done in the running RRC CR in [3])
· specify ‘pause’ and ‘resume’ indication from AS layer to application layer
	· specify QoE report storing at the application layer

	QoE report storing at the AS layer
	· specify pause/resume indication in RRC signalling (already done in the running RRC CR in [3])
· specify QoE report storing at the AS layer
· specify QoE report discarding of QoE reports provided by app layer which exceed available memory size
	none


Also, as discussed previously and as also indicated by SA5 in [9], the advantage of option 1 over option 2 is much larger QoE report storage capacity. For the second approach, the main advantage is lack of SA4 impact. What is also important in case of solution 2 is to ensure that the solution is simple, which in our understanding means that RAN2 should not spend time and effort on discussing aspects such as, e.g. prioritization of QoE reports in case of memory size limitation.
In Rel-16, logged MDT feature was introduced. In TS 38.306, it has been defined that the minimum storage size that UE is required to support for MDT logged measurement is 64 kB, so it can be referenced for the minimum storage requirement for QoE reports. In addition, it is required that if the memory is full for logged measurements, the UE should stop logging new measurements, and can store the measurements for at most 48 hours. Similarly, the UE should discard any new QoE reports if the memory is full for QoE reports.
Based on the above, we propose the following:
Proposal 10: RAN2 to discuss which of the below solutions to apply for QoE report storing during pause:
1. QoE reports are stored in application layer, i.e.:
a. RAN2 specifies ‘pause’ and ‘resume’ indication from AS layer to application layer and the rest of the work is left to SA4 (or application layer implementation)
b. After ‘resume’ indication, application layer provides all the stored reports to AS layer for transmission.
2. QoE reports are stored in AS layer with the following principles specified by RAN2:
a. Reports arriving from application layer are stored in AS layer up to the memory size (e.g. 64 kB as a minimum) assigned for QoE reports.
b. If the report arrives from the application layer which cannot be stored due to capacity for QoE storage being reached, such QoE report is discarded.
c. After receiving ‘resume’ indication, the UE sends all the stored QoE reports to the network.
Another aspects worth discussing is a RAN3 request communicated in an LS in [7], as below:
	2) RAN3 considered a mobility scenario where the QoE reporting is paused at UE by the source gNB and agreed that the pause status information should be transferred to target gNB during handover preparation. RAN3 thereby requests RAN2 to consider including pause status information in an appropriate inter-node RRC message.


In TS 38.331, the inter-node message HandoverPreparationInformation has been defined, and the source node can transfer the RRCReconfiguration (which contains the RRCReconfiguration configuration as generated entirely by the MN) to the target node, as can be seen in the text copied below:
[bookmark: _Toc76423923][bookmark: _Toc60777635]–	HandoverPreparationInformation
This message is used to transfer the NR RRC information used by the target gNB during handover preparation or UE context retrieval, e.g. in case of resume or re-establishment, including UE capability information. This message is also used for transferring the information between the CU and DU.
Direction: source gNB/source RAN to target gNB or CU to DU.
HandoverPreparationInformation message
-- ASN1START
-- TAG-HANDOVER-PREPARATION-INFORMATION-START

HandoverPreparationInformation ::=      SEQUENCE {
    criticalExtensions                      CHOICE {
        c1                                      CHOICE{
            handoverPreparationInformation          HandoverPreparationInformation-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

HandoverPreparationInformation-IEs ::=  SEQUENCE {
    ue-CapabilityRAT-List                   UE-CapabilityRAT-ContainerList,
    sourceConfig                            AS-Config                                       OPTIONAL, -- Cond HO
    rrm-Config                              RRM-Config                                      OPTIONAL,
    as-Context                              AS-Context                                      OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                                     OPTIONAL
}

AS-Config ::=                           SEQUENCE {
    rrcReconfiguration                      OCTET STRING (CONTAINING RRCReconfiguration),
    ...,
    [[
    sourceRB-SN-Config                      OCTET STRING (CONTAINING RadioBearerConfig)     OPTIONAL,
    sourceSCG-NR-Config                     OCTET STRING (CONTAINING RRCReconfiguration)    OPTIONAL,
    sourceSCG-EUTRA-Config                  OCTET STRING                                    OPTIONAL
    ]],
    [[
    sourceSCG-Configured                    ENUMERATED {true}                               OPTIONAL
    ]]

}

	AS-Config field descriptions

	rrcReconfiguration
Contains the RRCReconfiguration configuration as generated entirely by the MN.



In the latest QoE RRC running CR in [3], the QoE configuration (i.e. appLayerMeasConfig-r17) is included in the RRCReconfiguration message, and pause/resume information is inside the QoE configuration. Hence, the latest running RRC CR already allows to include pause status information in the appropriate inter-node RRC message without additional changes.
Observation 2: Since QoE configuration information is provided from the source node to the target node within HandoverPreparationInformation message, QoE pause status information can already be known to the target node, as per the latest QoE RRC running CR. 
5	Conclusions
[bookmark: _GoBack]Based on the discussion in this contribution, the following is observed and proposed:
Proposal 1: Maximum size of the QoE configuration container should be specified as 8000 bytes in RRC, to account for an overhead of other fields that may need to be included in the RRC Reconfiguration message.
Proposal 2: Multiple QoE reports can be included in a single QoE report message.
Proposal 3: To avoid oversized QoE reports from being provided from application layer to the AS layer, AS layer should inform application layer whether the reports larger than 8000 bytes can be transmitted by the UE (i.e. depending on whether the UE is capable of and configured with RRC segmentation or not).
Proposal 4: The maximum configurable number of QoE configurations is 32.
Proposal 5: RAN2 confirms that RAN2 does not intend to challenge RAN3 agreement on QoE area handling, i.e. the network is responsible for keeping track of whether the UE is inside or outside the area and configures / releases configuration accordingly.
Proposal 6: The UE informs the gNB when the QoE measurement session starts or when the session ends.
Proposal 7: During a handover, source gNB informs target gNB about the QoE measurement sessions which are ongoing at the UE.
Proposal 8: In case the UE moves out of the measurement area during a handover, the target gNB may consider the information about QoE configurations of the UE for which QoE measurement sessions are ongoing when making the decision about which QoE configurations to keep and which to release. 
Proposal 9: During fullConfig, the UE should forward the QoE configuration container to upper layers only for new QoE configurations.
Proposal 10: RAN2 to discuss which of the below solutions to apply for QoE report storing during pause:
1. QoE reports are stored in application layer, i.e.:
a. RAN2 specifies ‘pause’ and ‘resume’ indication from AS layer to application layer and the rest of the work is left to SA4 (or application layer implementation)
b. After ‘resume’ indication, application layer provides all the stored reports to AS layer for transmission.
2. QoE reports are stored in AS layer with the following principles specified by RAN2:
a. Reports arriving from application layer are stored in AS layer up to the memory size (e.g. 64 kB as a minimum) assigned for QoE reports.
b. If the report arrives from the application layer which cannot be stored due to capacity for QoE storage being reached, such QoE report is discarded.
c. After receiving ‘resume’ indication, the UE sends all the stored QoE reports to the network.

Observation 1: Based on the feedback received thus far from other WGs, both application layer and AS layer based QoE report storing during QoE pause is feasible and there is no clear preference given by other WGs. 
Observation 2: Since QoE configuration information is provided from the source node to the target node within HandoverPreparationInformation message, QoE pause status information can already be known to the target node, as per the latest QoE RRC running CR. 
Furthermore, some of the agreements, in particular those related to QoE configuration and report container size should be informed to SA4, SA5 and CT1. The proposed reply LS is provided in [11]. 
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