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1	Introduction
[bookmark: _Ref178064866]Multicast and Broadcast Service (MBS) was specified for NR, in RP-221803 [1], while Quality of Experience (QoE) was specified for Virtual Reality (VR) and Dynamic Adaptive Streaming over HTTP (DASH) in [2]. The WID [3] for Release 18, entitled “Enhancement on NR QoE management and optimizations for diverse services”, aims at introducing enhanced QoE support for diverse services, such as MBS. This contribution addresses the following objective defined in [3]:
“Specify for QoE measurement configuration and collection in RRC_INACTIVE and RRC_IDLE states for MBS, at least for broadcast service [RAN3, RAN2]” 
In the previous RAN2 meetings, storing of QoE reports in RRC_INACTIVE and IDLE states were extensively discussed. In this contribution, we therefore discuss some of the remaining not finalized issues, such area handling in RRC_INACTIVE and RRC_IDLE states and related UE behaviour.

2	Discussion
2.1 	Area handling
[bookmark: _Hlk146827978]In the previous 3GPP RAN2 meetings, one of the focus points of the discussions was on how area handling should be performed. According to the legacy procedures, it is the network which handles the area monitoring when a UE is in RRC_CONNECTED state as specified in 3GPP TS 38.413, as Area Scope of QMC IE. In the 3GPP TSG RAN WG3 meeting #121, it was agreed that the RAN handles the area scope monitoring when the UE is in RRC_CONNECTED state and the UE handles the area scope checking when the UE is in RRC_INACTIVE and RRC_IDLE state. However, it is still an open question whether the UE AS or the UE application performs the area scope checking when the UE handles the area scope checking in RRC_INACTIVE and RRC_IDLE state. Since the UE AS is inherently aware of the UE’s location (in the terms used in the area scope definition, i.e. cell/TA granularity), we propose that the UE AS handles the area scope monitoring when the UE is in RRC_INACTIVE and RRC_IDLE state.
[bookmark: _Toc146832382]The UE AS layer should handle the area scope monitoring while it is in RRC_INACTIVE or RRC_IDLE state.
To perform the area scope monitoring, the UE AS has to know the area scope. The straightforward way to provide this to the UE is that the gNB forwards the area scope (which it has received from the AMF or directly from the OAM) to the UE AS together with the QoE configuration in the MeasConfigAppLayer IE.
[bookmark: _Toc146832383]The gNB forwards the area scope to the UE AS together with the QoE configuration.
Furthermore, the UE AS needs a way to communicate the result of the area scope monitoring to the UE application. For this, a new AT command could be introduced, or the +CAPPLEVMCNR AT command could be extended with the necessary information, i.e. “inside area”/”outside area” indications. If RAN2 agrees that the UE AS handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state, RAN2 should send an LS to CT1 asking CT1 to specify this extension of the +CAPPLEVMCNR AT command or specify a new AT command to convey “inside area”/”outside area” indications from the UE AS to the UE application.
[bookmark: _Toc146832384]If RAN2 agrees that the UE AS handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state, RAN2 should send an LS to CT1, asking CT1 to extend the +CAPLEVMCNR AT command with an “inside area”/”outside area” indication or specify a new AT command for conveying such an indication from the UE AS to the UE application.

2.2	LocationFilter
Although we think letting the UE AS (rather than the UE application) handle the area scope monitoring in RRC_INACTIVE and RRC_IDLE state, we are aware that not all companies agree. Consequently, there have been discussions regarding using the LocationFilter parameter in the QMC configuration file for checking the area scope at the application layer while the UE is in RRC_INACTIVE or RRC_IDLE state. If RAN2 agrees that the UE application uses the LocationFilter for area scope monitoring in RRC_INACTIVE and RRC_IDLE states, the following issues need to be addressed to make it feasible:
· According to 3GPP TS 38.300, the LocationFilter needs to be updated with PLMN and TA lists, so that it can represent an area scope in the same way as the area scope parameter the gNB receives.
· The application layer should know the location of a UE in RRC_INACTIVE and RRC_IDLE states. Currently, according to 3GPP TS 27.007 the application could subscribe to location updates via the 5GS network registration status +C5GREG AT command, which has the following parameters and values:
Location information elements <tac>, <ci> and <AcT>, and parameters <Allowed_NSSAI_length>, <Allowed_NSSAI>, if available, are returned only when <n>=2 and MT is registered in the network.
While this enables the application to know TAC, the PLMN ID is missing. Therefore, a PLMN ID should be included as another location information element in this AT command.
[bookmark: _Toc146832385]If RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state using the area indicated in the LocationFilter, RAN2 should send an LS to SA4 requesting them to update the LocationFilter with PLMN and TA lists. (A draft LS is included in the annex.)
[bookmark: _Toc146832386]If RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state using the area indicated in the LocationFilter, RAN2 should send an LS to CT1 requesting them to update the +C5GREG AT command with the PLMN ID as an additional location information element.
	
2.3	PLMN identity list checking upon returning to RRC_CONNECTED
To ensure the QoE measurement continuity upon RRC state transition from RRC _ONNECTED to RRC_IDLE state and back to RRC_CONNECTED state, the network version of the QoE measurement configuration should not be deleted but stored somewhere else when the UE is in RRC_IDLE state. It is currently FFS for the exact storage location, the options are the CN or the UE. If the network version of the QoE measurement configuration is stored in the UE, the UE should return it to the network when it re-enters RRC_CONNECTED state. However, the UE should not do this indiscriminately. The key principle should be that this configuration is provided to the new gNB, only if the new gNB belongs to one of the PLMNs listed in the Area Scope, or, if no such PLMN list is configured, if the new gNB belongs to the same PLMN as configured the UE with QoE or an Equivalent PLMN. Hence, an important aspect that needs to be addressed to enable this is the check of the PLMN identity of the gNB the UE transits to RRC_CONNECTED state in. If the network version of the QoE measurement configuration is stored in the UE, the UE should check the PLMN ID of the new gNB when returning to RRC_CONNECTED state and send the network version of the QoE measurement configuration to the new gNB only if the new gNB belongs to the same PLMN as configured the UE with QoE measurements or one of its equivalent PLMNs. If the UE AS handles the area scope monitoring in the UE, then the UE AS can also check the PLMN list in the Area Scope, and if such a list is configured, the UE may also send the network version of the QoE measurement configuration to the new gNB if the new gNB belongs to one of the PLMNs in the list of PLMNs in the area scope. The same condition applies to indicating availability of pending QoE reports in the UE.
[bookmark: _Toc146832387]The UE checks the PLMN of the target gNB when reconnecting from RRC_IDLE to RRC_CONNECTED state, or when entering RRC_CONNECTED state after having been deregistered from the network, and indicates to the new gNB that it has QoE reports to transmit, only if the PLMN ID of the new gNB is the same as the PLMN ID where the UE received the QoE configuration, or one of the equivalent PLMNs, or (if the UE is aware of a list of PLMNs in the area scope) one of the PLMNs listed in the area scope.
[bookmark: _Toc146832388]If the UE has stored the network version of the QoE measurement configuration in RRC_IDLE state, then, when returning to RRC_CONNECTED state, the UE checks the PLMN ID of new gNB and only if the PLMN ID of the new gNB is the same as the PLMN ID where the UE received the QoE configuration, or one of the equivalent PLMNs, or (if the UE is aware of a list of PLMNs in the area scope) one of the PLMNs listed in the area scope.
Furthermore, RAN3 has agreed that when the UE returns from RRC_IDLE or RRC_INACTIVE state to RRC_CONNECTED state, the session status should be available in the new gNB. Since the UE has been in RRC_INACTIVE or RRC_IDLE state, the session status is known only to the UE. Therefore, the UE should send the session status indication to the new gNB when returning to RRC_CONNECTED state.
[bookmark: _Toc146832389]When a UE configured with the QoE measurements returns from RRC_INACTIVE or RRC_IDLE state to RRC_CONNECTED state, it should send a session status indication to the new serving gNB.
Conclusion
[bookmark: _In-sequence_SDU_delivery]RAN2 is kindly asked to discuss the following observations and proposals: 
No table of figures entries found.

 
Proposal 1	The UE AS layer should handle the area scope monitoring while it is in RRC_INACTIVE or RRC_IDLE state.
Proposal 2	The gNB forwards the area scope to the UE AS together with the QoE configuration.
Proposal 3	If RAN2 agrees that the UE AS handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state, RAN2 should send an LS to CT1, asking CT1 to extend the +CAPLEVMCNR AT command with an “inside area”/”outside area” indication or specify a new AT command for conveying such an indication from the UE AS to the UE application.
Proposal 4	If RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state using the area indicated in the LocationFilter, RAN2 should send an LS to SA4 requesting them to update the LocationFilter with PLMN and TA lists. (A draft LS is included in the annex.)
Proposal 5	If RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state using the area indicated in the LocationFilter, RAN2 should send an LS to CT1 requesting them to update the +C5GREG AT command with the PLMN ID as an additional location information element.
Proposal 6	The UE checks the PLMN of the target gNB when reconnecting from RRC_IDLE to RRC_CONNECTED state, or when entering RRC_CONNECTED state after having been deregistered from the network, and indicates to the new gNB that it has QoE reports to transmit, only if the PLMN ID of the new gNB is the same as the PLMN ID where the UE received the QoE configuration, or one of the equivalent PLMNs, or (if the UE is aware of a list of PLMNs in the area scope) one of the PLMNs listed in the area scope.
Proposal 7	If the UE has stored the network version of the QoE measurement configuration in RRC_IDLE state, then, when returning to RRC_CONNECTED state, the UE checks the PLMN ID of new gNB and only if the PLMN ID of the new gNB is the same as the PLMN ID where the UE received the QoE configuration, or one of the equivalent PLMNs, or (if the UE is aware of a list of PLMNs in the area scope) one of the PLMNs listed in the area scope.
Proposal 8	When a UE configured with the QoE measurements returns from RRC_INACTIVE or RRC_IDLE state to RRC_CONNECTED state, it should send a session status indication to the new serving gNB.
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Annex
LS to be sent to SA4 if RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state based on the LocationFilter:

3GPP TSG-RAN WG2 #123bis	R2-22xxxxx
Xiamen, China, 9 – 13 October 2023  


Title:	LS on possibility to update LocationFilter 
Release:	Rel-18
Work Item:	NR_QoE_enh-Core


Source:	RAN2
To:	SA4
Cc:	RAN3, SA5

Contact Person:	
Name:	Cecilia Eklöf
Tel. Number:	+46763353243
E-mail Address:	cecilia.eklof@ericsson.com

Attachments:	



1. Overall Description:
In this LS RAN2 would like to ask additional questions with respect to enhancement of LocationFilter with PLMN and TA lists to enable the same indication possibilities as the Area Scope parameter a gNB can receive.

In the 3GPP TSG RAN WG3 meeting #121, it was agreed that the RAN handles the area scope monitoring when the UE is in RRC_CONNECTED state and the UE handles the area scope checking when the UE is in RRC_INACTIVE and RRC_IDLE state. RAN2 has further agreed that the UE application performs the area scope monitoring in RRC_INACTIVE and RRC_IDLE state based on the area indicated in the LocationFilter in the QMC configuration file. To enable this swapping of the responsibility for the area scope monitoring between the UE and the gNB (depending on the RRC state), the LocationFilter should indicate exactly the same area scope as the Area Scope parameter the gNB receives from the AMF or directly from the OAM. However, the LocationFilter definition does not include any PLMN and TA lists, as the Area Scope parameter does. Therefore, it would be preferable to extend the LocationFilter with PLMN and TA lists.

According to the R3-235033, SA5 reply LS on area scope for QoE measurements, it should be possible to extend LocationFilter with PLMN and TA lists but it depends on SA4: 

“From the perspective of SA5, QMC supports the Area Scope configuration of the PLMN and TA. Therefore, SA5 considers that the LocationFilter configuration of the PLMN and TA is also feasible. However, whether the UE application layer can obtain the PLMN and TA information depends on the technical feasibility of SA4.”

Additionally, SA4 in their reply LS R3-235024 on area scope for QoE measurements confirm that there is no issue with enhancing the LocationFilter with PLMN and TA lists, but it should be confirmed by SA5:

“The UE application layer can obtain the PLMN/TA/Cell information via the existing AT command, i.e. +C5GREG. From SA4 perspective, there is no issue with extending LocationFilter to include the PLMN/TA information, but it has to be confirmed by SA5 since the information conveyed in the LocationFilter in the QMC configuration is provided by the OAM.”

Hence, both SA4 and SA5 tink that updating the LocationFilter definition with PLMN and TA lists is OK. RAN2 therefore asks SA4 to do this in the concerned technical specifications, i.e. TS 26.247 and TS 26.114. (.(TS 26.118 inherits all QoE metrics from TS 26.247, so the update of TS 26.247 should be automatically valid for VR clients according to TS 26.118.)


2. Actions:
ACTION: RAN2 would like to ask SA4 to update the LocationFilter in the SA4 specifications TS 26.247 and TS 26.114 to include PLMN and TA lists to enable the LocationFilter to describe the area with the same type of information as the Area Scope the gNB uses for area scope monitoring. 

3. Date of Next RAN2 Meetings:
RAN2#124	13th – 17th November 2023	Chicago, USA
RAN2#125	26th February – 1st March 2024	Athens, Greece


	

LS to be sent to CT1 if RAN2 agrees that the UE AS handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state:

3GPP TSG-RAN WG2 #123bis	R2-22xxxxx
Xiamen, China, 9 – 13 October 2023  


Title:	LS on possibility to update AT commands 
Release:	Rel-18
Work Item:	NR_QoE_enh-Core


Source:	RAN2
To:	CT1
Cc:	RAN3, SA5

Contact Person:	
Name:	Cecilia Eklöf
Tel. Number:	+46763353243
E-mail Address:	cecilia.eklof@ericsson.com

Attachments:	



1. Overall Description:
In this LS RAN2 would like to ask CT1 to update the +CAPPLEVMCNR AT command or specify a new AT command for the purpose described below.

In the 3GPP TSG RAN WG3 meeting #121, it was agreed that the RAN handles the area scope monitoring when the UE is in RRC_CONNECTED state and the UE handles the area scope checking when the UE is in RRC_INACTIVE and RRC_IDLE state. RAN2 has further agreed that the UE AS handles the area scope monitoring in the UE in RRC_INACTIVE and RRC_IDLE state. To be able to use the area scope monitoring in the intended way, the UE AS needs a way to communicate the result of the area scope monitoring to the UE application. For this, a new AT command could be introduced, or the +CAPPLEVMCNR AT command could be extended with the necessary information, i.e. “inside area”/”outside area” indications.

Therefore, RAN2 asks CT1 to update TS 27.007 to enable that the UE AS sends “inside area”/”outside area” indications to the UE application. 


2. Actions:
ACTION: RAN2 would like to ask CT1 to update TS 27.007 to enable that the UE AS sends “inside area”/”outside area” indications to the UE application. It is of course up to CT1 to decide how to do this, but two possible ways identified in RAN2 are extension of the +CAPPLEVMCNR AT command with an “inside area”/”outside area” indication or to specify a new AT command for conveying of the “inside area”/”outside area” indications.

3. Date of Next RAN2 Meetings:
RAN2#124	13th – 17th November 2023	Chicago, USA
RAN2#125	26th February – 1st March 2024	Athens, Greece	





LS to be sent to CT1 if RAN2 agrees that the UE application handles the area scope monitoring in RRC_INACTIVE and RRC_IDLE state based on the LocationFilter:
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1. Overall Description:
In this LS RAN2 would like to ask CT1 to update the +5GSREG AT command with the PLMN ID as an additional location information element.

In the 3GPP TSG RAN WG3 meeting #121, it was agreed that the RAN handles the area scope monitoring when the UE is in RRC_CONNECTED state and the UE handles the area scope checking when the UE is in RRC_INACTIVE and RRC_IDLE state. RAN2 has further agreed that the UE application handles the area scope monitoring in the UE in RRC_INACTIVE and RRC_IDLE state, based on the area indicated in the LocationFilter parameter in the QMC configuraiotn file. To be able to do this, the UE application has to be aware of the UE’s location in relation to the area scope. Currently, the UE application is able to subscribe to notifications of the UE’s current location through the +C5GREG AT command. However, the location information elements that the +C5GREG AT command can provide do not include the PLMN ID, which is a possible part of the area scope, and which the UE application therefore have to be able to check to determine whether the UE is inside or outside the area scope.

Therefore, RAN2 asks CT1 to extend the +C5GREG AT command with the PLMN ID as an additional location information element.

###To be able to use the area scope monitoring in the intended way, the UE AS needs a way to communicate the result of the area scope monitoring to the UE application. For this, a new AT command could be introduced, or the +CAPPLEVMCNR AT command could be extended with the necessary information, i.e. “inside area”/”outside area” indications.


2. Actions:
ACTION: RAN2 would like to ask CT1 to update TS 27.007 and extend the +C5GREG AT command with the PLMN ID as an additional location information element.

3. Date of Next RAN2 Meetings:
RAN2#124	13th – 17th November 2023	Chicago, USA
RAN2#125	26th February – 1st March 2024	Athens, Greece	
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