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Introduction
[bookmark: _Toc242573354]In Release 17 a work item for NR QoE Management was agreed [1]. In RAN2#115 the following agreements were made:
RAN2 assumes that all QoE mobility related agreements made by RAN2 are applicable at least to signalling based QoE. Whether the same applies to management-based QoE is pending further input from SA5 and RAN3.
Area scope parameter is not introduced in RRC procedures supporting QoE.
When the UE resumes the connection in a gNB supporting QoE, the target gNB should explicitly indicate which QoE measurement configurations should be kept by the UE during RRC resume procedure, e.g. in RRCResume message. The UE shall release all QoE measurement configurations not indicated by the gNB for restoration. FFS how the indication looks like, e.g. granularity per QoE configuration or common for all QoE configurations.
During the handover to target gNB which supports QoE, the target gNB decides which QoE configurations to keep and which to release during a handover, e.g. based on QoE configuration information received from the source gNB in Xn/Ng signalling (exact information is up to RAN3) including the RRC container.
The UE discards the reports received from application layer in case it has no associated QoE configuration configured.
FFS whether the gNB needs to know the QoE configurations for which there are ongoing QoE sessions, e.g. to enable QoE configuration handling upon mobility (pending SA4 reply on the ongoing QoE measurement session continuity requirement).
In case the UE resumes the connection in a gNB not supporting QoE, the UE should release all QoE measurement configurations.
Discussion
QoE measurements at Resume
In RAN2#115 the following agreements were made related to resume:
When the UE resumes the connection in a gNB supporting QoE, the target gNB should explicitly indicate which QoE measurement configurations should be kept by the UE during RRC resume procedure, e.g. in RRCResume message. The UE shall release all QoE measurement configurations not indicated by the gNB for restoration. FFS how the indication looks like, e.g. granularity per QoE configuration or common for all QoE configurations.
In case the UE resumes the connection in a gNB not supporting QoE, the UE should release all QoE measurement configurations.

In RAN2#113bis the following agreement was made related to Inactive:
The UE Inactive AS context includes the UE AS configuration for the QoE (it is not released when UE goes to Inactive).

The first agreement in RAN2#115 above seems a bit contradictory to the agreement made in RAN2#113bis. If the QoE configurations are stored in the UE context when the UE is in Inactive, the UE just continues using the same configuration after resume, if nothing else is indicated by the network. That is the reason for storing configurations in the UE context. The need for the network to explicitly indicate the QoE configurations to be kept seems unclear.
However, there are two cases at resume, in the same way as at handover. The network may either use delta configuration or full configuration at resume. These two cases were not discussed at RAN2#115 when the agreement above was made. If the network uses delta configuration, only the difference compared to the latest configuration needs to be indicated. 
Proposal 1: If the network uses delta signalling at Resume, only possible differences compared to the latest configuration are indicated. The network does not indicate anything in Resume for QoE configurations that remain the same as in the latest UE configuration.
If the network uses full configuration at resume, the agreement made in RAN2#115 is applicable. It is also in line with what is proposed below for Handover with full configuration, which gives consistent UE behaviour for full configuration, see further discussion in chapter 2.3. The agreement from RAN2#115 could be clarified in this matter:
Proposal 2: When the UE resumes the connection in a gNB supporting QoE, the target gNB should explicitly indicate which QoE measurement configurations should be kept by the UE during RRC resume procedure if full configuration is used, e.g. in RRCResume message. The UE shall release all QoE measurement configurations not indicated by the gNB for restoration. 
If the UE resumes in a gNB not supporting QoE measurements, the gNB will not recognize part of the UE context and the network will trigger an RRCSetup procedure instead of RRCResume. The second agreement above can therefore also be clarified that the UE releases the QoE measurements in case RRCSetup procedure is triggered in response to RRCResumeRequest.
Proposal 3: In case the UE resumes the connection in a gNB not supporting QoE, i.e. in case RRCSetup is received in response to RRCResumeRequest, the UE should release all QoE measurement configurations. 

QoE measurements at re-establishment
At re-establishment, similar cases as described above may occur. The network may also here trigger RRCReconfiguration indicating full configuration after SRB1 has been established. At re-establishment it is not as critical as at handover to avoid a large RRCReconfiguration, see chapter 2.3, but it is unnecessary to send a large message of 8000-64000 bytes, which would be the case if the network would need to send all the QoE configuration containers again to the UE, when it is not needed. Also, it seems better to have a unified UE behaviour for all cases of full configuration. In addition, it is inline with existing behaviour that the UE keeps higher layer configurations at re-establishment. It may be an interesting case to continue QoE measurements at re-establishment in order to measure the UE end user experience during re-establishment. 
Proposal 4: Similar to resume, if full configuration is triggered after re-establishment, the network indicates the measConfigAppLayerId’s of the QoE measurements that should continue after the re-establishment. 
In the same way as at re-establishment, there may be a fallback to RRC Setup as in the resume procedure. Also in this case, the UE should release the QoE configurations.
Proposal 5: In case the UE reestablishes the connection and RRCSetup is received in response to RRCReestablishmentRequest, the UE should release all QoE measurement configurations. 

QoE measurements at handover
At handover, the network has the options to signal either a delta configuration compared to the source configuration or a full configuration to the UE. At full configuration, the UE releases the current radio configurations, except for the MCG C-RNTI, AS security configuration related to the master key and the SRB1/SRB2 and DRB configurations, and then sets up a new radio configuration. The configurations in higher layers are however not released, for example the PDU sessions. 
Observation 1: Higher layer configurations like application layer configurations are not released at full configuration according to existing specification. 
For QoE measurements, if the network uses delta signalling at handover, the UE keeps the configuration from source node and only possible changes to the source configuration are indicated by the network. The changes are expected to be small and will not cause any issues at handover. 
The network may also use full configuration at handover. There are two cases where full configuration is used:
· The target node does not support QoE measurements.
· The target node supports QoE measurements, but triggers full configuration.for other reason.
The second case, where the target triggers full configuration even if the target node supports QoE measurements may occur e.g. if the target node supports QoE measurements but it does not support some other feature (other than QoE) that the source supports but the target does not. In such a case the target has to trigger a full configuration. There are also cases where delta configuration is not possible to use, e.g. in case certain functionality should be deconfigured, see also further description in [5]. Therefore, handover with fullConfig cannot be considered a very rare case and support for QoE measurement continuation at handover with fullConfig needs to be supported.
Observation 2: Sometimes the target node has to trigger full configuration, even if it supports QoE measurements. 
In the case where the target node supports QoE measurements but must do full configuration anyway, if the QoE configurations would be cleared by the UE at full configuration it would mean that the QoE measurements would be stopped at the handover. One approach could be to rely on that the network should send the QoE configurations in the Handover Command. However, QoE configurations may be large and, large handover commands should be avoided to avoid handover failures as the Handover Command may often be sent in poor radio conditions. It is therefore important to avoid having to send QoE configurations in the Handover Command. It is also noted that RAN2 intends to support several QoE configurations in a UE, and that would only worsen the problem by increasing the size of the Handover Command and thereby the handover failure rate. 
It should be noted that when QoE measurements are configured for the UE for the first time, it can be done in multiple messages, and each RRC message may not be very large. However, if the UE has been configured with a number of different QoE configurations and a handover occurs and the network needs to use full configuration, all of the QoE configuration files need to be included in the Handover Command, otherwise there will be interruption of the QoE measurements. 
RAN2 is discussing support for 8-64 simultaneous QoE measurements and including configurations for that many measurements in one message means that the size will be around 8000-64 000 bytes. That means that the Handover Command would need to be segmented, which is something that is not wanted. Large message increases the likelihood of non-successful transmission and may impact the KPIs in the network negatively. 
Sending the QoE configurations in a subsequent RRCReconfiguration message does not solve the problem, as that would mean that the measurements are stopped are restarted again, i.e. handover with full configuration would not be supported.  
The QoE configurations are application layer configurations and it is in line with existing specification that the UE keeps higher layer configurations and releases the radio configurations at full configuration. The network could in such case indicate, in the Handover Command, the measConfigAppLayerId’s of the QoE configurations that should continue after the handover and the QoE configuration file could be omitted. If a measConfigAppLayerId is not indicated, the UE should release that QoE configuration.  
Observation 3: Including the QoE configuration in the Handover Command increases the risk of handover failure, as it increases the size of the Handover Command.
Proposal 6: The QoE configuration file is optionally included in RRCReconfiguration.
Proposal 7: Similar to resume, at handover with full configuration, the network indicates the measConfigAppLayerId’s of the QoE measurements that should continue after the handover. 
If the UE enters the area of a gNB which does not support QoE measurements, the target gNB will not recognize that part of the configuration and a full configuration will be triggered. In such case, no measConfigAppLayerId’s will be indicated in the Handover Command and the UE will release all QoE configurations.
Proposal 8: The UE releases the QoE configurations if the corresponding measConfigAppLayerId is not indicated in the Handover Command.
If the handling in the UE at fullConfig is preferred to be kept unchanged, an option would be that the network indicates the QoE configurations to be released in the Handover Command. That requires that the network also can indicate that no QoE measurements should be released, so that the case where the target gNB supports QoE measurements can be distinguished from the case where the target gNB does not support QoE measurements (where nothing can be indicated to the UE and where all measurements should be released). Alternatively, the network could indicate both which QoE configurations that should continue and which QoE configurations that should be released in the Handover Command. If this option is preferred, the agreements for resume and re-establishment should be updated so that the same behaviour is applicable for all cases of fullConfig.

SA4 requirements on mobility
SA4 has specified requirements for QoE measurements, so that the UE shall check the QoE configuration only when the respective session starts, see TS 26.247. This means that any potential changes in a QoE configuration would not be effective for an ongoing session. This requirement is applicable also for NR, see reply LS from SA4 in [4]. See the SA4 requirements in Figure 1. 

26.247, clause 10.1: 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.
26.114, clause 16.3: 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.










Figure 1: SA4 requirements about checking QoE configuration only upon starting a session; changes in QoE configuration would not be effective for an ongoing session.
One motivation for this requirement is that measurements pertaining to parts of sessions, rather than entire sessions, are not interesting cases. UEs at the cell (or area) borders might move in and out of the area scope intermittently during the session, and these entries/exits are of high interest, as they might involve different kind of handovers as well as mobility failures and failure recovery. Therefore, ending an ongoing session measurement as soon as UE moves out of the area may compromise the QoE measurements by excluding perhaps the most interesting part of the measurements. Moreover, for very small areas (say area scope consisting of a single cell) it may not be possible, in practice, to get any measurements at all, since most UEs would move away from the cell at some time during the session.
The SA4 requirements mean that the UE should check the area scope when starting the measurements, but if the UE moves out of the area during the ongoing session, the QoE measurements should not be stopped. After the ongoing session is completed, no new measurements should be started if the UE is outside the area.
Observation 3: The SA4 requirements for QoE measurements stipulate that the client shall check the QoE configuration when each session starts. This means that the client shall continue the QoE measurements for an ongoing session even if the UE moves out of the configured area.
Fulfilling these SA4 requirements should be considered as part of mobility support for QoE measurements. However, it may not be straightforward since currently only the application layer in the UE knows when the session is ongoing or not, while the network layer has no information about that. On the other hand, only the network knows the area of the QoE configuration.
However, informing the UE RRC and then the network node about the ongoing session would be valuable as it helps to control the QoE measurement upon mobility and fulfilling the SA4 requirements. As long as the UE moves inside the area it is clear that the measurements should continue, but the issue relates to the case where the UE moves outside the area and there is an ongoing session. This is shown in the following scenario:
[image: ]
Figure 2: QoE configuration handling upon moving outside the area while having ongoing session. gNB2 is outside the area
As shown in Figure 2, the procedure for handling QoE configuration upon mobility can be performed in the following steps: 
1- Application sends Session Start Indication to the UE RRC layer.
2- UE RRC upon receiving Session Start Indication includes the associated RRC ID to it and sends Session Start Indication to the gNB1.
3- gNB1 stores session start indication as part of UE context. 
4- gNB1 sends the QoE configuration status to the gNB2 as part of HO request procedure
5- UE performs HO toward gNB2that is outside the area scope. [According to SA4 requirement the QoE configuration would be configured and valid until the end of the ongoing session].
6- Upon performing HO toward a gNB2 cell that is outside of the area, the gNB2 configures SRB4 for the UE and keep the Session Start Indication as part of UE context.
7- Upon ending the ongoing session, the application sends a Session End Indication to the UE RRC layer. 
8- Upon receiving Session End Indication, the UE RRC associates the RRC ID to the Session End Indication signal and sends it to the gNB2. 
9- gNB2 decides to release the QoE configuration.  
10- gNB2 sends RRC reconfiguration with QoE release command associated with the RRC ID(s).
However, in order to handle the QoE configuration upon mobility while fulfilling SA4 requirements it is required to have session start and end indications as part of CT1 and RRC specifications, whereas,
· Session Start Indication is initiated upon start of a session that is subject to the QoE measurements.
· Session End Indication is initiated upon ending a session that is subject to the QoE measurements. 
Therefore, the following is proposed:
Proposal 9: Specify Session Start Indication and Session End Indication.
Since the Session Start/End indication comes from the application layer in the form of an AT command an LS to CT1 is proposed to request them to support this in their specifications. A draft LS can be found in the Annex.
Proposal 10: Send an LS to CT1 group to specify Session Start indication and Session End Indication in their specification.

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observation and proposals:
Observation 1: Higher layer configurations like application layer configurations are not released at full configuration according to existing specification. 
Observation 2: Sometimes the target node has to trigger full configuration, even if it supports QoE measurements. 
Observation 3: Including the QoE configuration in the Handover Command increases the risk of handover failure, as it increases the size of the Handover Command.
Observation 3: The SA4 requirements for QoE measurements stipulate that the client shall check the QoE configuration when each session starts. This means that the client shall continue the QoE measurements for an ongoing session even if the UE moves out of the configured area.

Proposal 1: If the network uses delta signalling at Resume, only possible differences compared to the latest configuration are indicated. The network does not indicate anything in Resume for QoE configurations that remain the same as in the latest UE configuration.
Proposal 2: When the UE resumes the connection in a gNB supporting QoE, the target gNB should explicitly indicate which QoE measurement configurations should be kept by the UE during RRC resume procedure if full configuration is used, e.g. in RRCResume message. The UE shall release all QoE measurement configurations not indicated by the gNB for restoration. 
Proposal 3: In case the UE resumes the connection in a gNB not supporting QoE, i.e. in case RRCSetup is received in response to RRCResumeRequest, the UE should release all QoE measurement configurations. 
Proposal 4: Similar to resume, if full configuration is triggered after re-establishment, the network indicates the measConfigAppLayerId’s of the QoE measurements that should continue after the re-establishment. 
Proposal 5: In case the UE reestablishes the connection and RRCSetup is received in response to RRCReestablishmentRequest, the UE should release all QoE measurement configurations. 
Proposal 6: The QoE configuration file is optionally included in RRCReconfiguration.
Proposal 7: Similar to resume, at handover with full configuration, the network indicates the measConfigAppLayerId’s of the QoE measurements that should continue after the handover. 
Proposal 8: The UE releases the QoE configurations if the corresponding measConfigAppLayerId is not indicated in the Handover Command.
Proposal 9: Specify Session Start Indication and Session End Indication.
Proposal 10: Send an LS to CT1 group to specify Session Start indication and Session End Indication in their specification.
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1. Overall description:
RAN2 has discussed the mobility support for QoE configuration and agreed that for the sake of continuation of ongoing QoE measurements upon mobility to cells outside of the configured area, it is required that RAN node becomes aware of ongoing sessions at the application layer. For this purpose, RAN2 is specifying the following signals in RRC specifications:
· Session Start Indication: it is received from the upper layer and sent in RRC to the network when a session is started at the application
· Session End indication: it is received from the upper layer and sent in RRC to the network when an ongoing session is ended at the application

Therefore, RAN2 would like to consult CT1 and respectfully ask CT1 to consider the standardization effort required for the Session Start and Session End indications.
2. Actions:
To 3GPP CT1
ACTION: 
RAN2 respectfully asks CT1 to take the above agreements into account and consider the standardization effort required for the Session Start Indication and Session End indication, as defined above.
3. Date of next TSG RAN WG2 meetings:
RAN2#116-bis                         17th January - 25th January 2022		Online
RAN2#117	      21st February - 3rd March 2022		Online
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