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Introduction
SA2 is informing RAN3 in their LS on Rel-18 RedCap study "FS_REDCAP_Ph2" targeting support of UE in RRC_INACTIVE state with long eDRX>10.24s of the following conclusions for normative phase [1]:
	SA2 thanks RAN3 and RAN2 for the answers provided in S2-2208117 (S2-2208098/R3-225119) and S2-2208145 (R2-2209243).

Based on the answer provided by RAN3 and RAN2, SA2 has concluded to support the CN based MT communication handling for UE in RRC_INACTIVE with eDRX (>10.24s) as following.
-	It is agreed to support MT data and signalling handling within the CN when the UE is unreachable due to long extended DRX in RRC inactive.
-	The gNB sends an indication to the CN to handle MT communication while the UE is in RRC_INACTIVE state and provides unreachability information (e.g., eDRX values negotiated between UE and gNB for RRC_INACTIVE state). This allows the CN to apply the HLcom functionality (e.g. data buffering, notifications to other network and application functions etc) based on the unreachability information the gNB provided (as described in CR3705 and CR3555).
-	If the gNB has indicated the UE has entered RRC_INACTIVE to the CN, the gNB also notifies the CN about the RRC State transition back to RRC_CONNECTED (as described in CR3555). 
NOTE 1:	If the indication of UE transition to RRC_INACTIVE is not sent (or sent after UE has entered RRC_INACTIVE) by the gNB then until CN receives it the CN cannot apply HLcom functionality and other NFs will not be aware of the UE reachability, and certain HLcom related services provided to the AF via NEF would not be available. Downlink data transmitted from the UPF to RAN might be discarded and not delivered to the UE.

SA2 is currently further discussing if the conditions for gNB to send request for CN based MT communication handling can be implementation based (e.g, CN based MT communication handling is always triggered when gNB decides to apply long eDRX for RRC_INACTIVE, or gNB may decides not to trigger such in certain conditions, e.g., if UE is static and has uplink data only).

SA2 has agreed the attached CRs for the support of eDRX for RRC_INACTIVE state with MT communication handling in CN. In the 23.502 CR, there are new flows introduced with impact on NGAP messages (see ENs).



In the following section, we analyze the impacts of the SA2 final solution and the RAN3 potential changes based on the SA2 attached pCRs to TS 23.501 [2] and TS 23.502 [3].
Discussion
General
The final solution defined by SA2 is how to support long eDRX values for RedCap UEs, greater than 10.24 seconds in RRC_INACTIVE state using the CN approach. As was done in Release-17, we can consider that the solution for supporting long eDRX for RRC_INACTIVE will be applicable to NR UEs in general, i.e., it will not be limited to RedCap UEs.
Proposal 0: RAN3 to consider that the solution for long eDRX support in RRC_INACTIVE with CN handling is applicable to NR UEs in general. 
AMF Awareness of UE unreachability information

Below the figure from [3] detailing the SA2 solution with NG-RAN initiated connection: 


Figure 4.8.1.1a-1: NG-RAN initiated Connection Inactive procedure with CN based MT communication handling
The following RAN3 impacts are detected and may need discussion:
1) Step 0 of the flowchart from [3] indicates that when the AMF provides the eDRX cycle value for CM-IDLE state to NG-RAN as part of the RRC Inactive Assistance Information as defined in clause 5.3.3.2.5 of TS 23.501 (i.e. the Core Network Assistance Information for RRC INACTIVE IE defined in TS 38.413), the AMF also includes support indication of CN based MT communication handling for UE in CM-CONNECTED with RRC_INACTIVE state.
2) Step 2 states that the NG-RAN sends N2 message to AMF indicating the UE is transitioning to RRC_INACTIVE state and the CN handles MT communication. The NG-RAN also provides the eDRX cycle value for RRC_INACTIVE to AMF.
3) Step 6 states that the AMF sends N2 response to NG-RAN acknowledging the indication and the AMF considers the UE is in CM-CONNECTED with RRC_INACTIVE state.

We can infer from step 1 that a new IE is needed in the NGAP message from the AMF to the NG-RAN, e.g., during the INITIAL UE CONTEXT SETUP message, which indicates that the CN supports the new Rel-18 solution for CN handling of the MT communication when the UE is in the RRC_INACTIVE state. This is necessary to help the NG-RAN distinguish against legacy AMFs or AMFs that do not support CN buffering. RAN3 can discuss during the normative phase whether the new IE can be part of the Core Network Assistance Information for RRC INACTIVE IE.

Observation 1: A new IE is needed in the NGAP message from AMF to NG-RAN, e.g. during the INITIAL UE CONTEXT SETUP message Core Network Assistance Information for RRC INACTIVE IE, that indicates that the CN supports the Rel-18 solution for CN handling of MT communication while the UE is in RRC_INACTIVE state.

Step 2 states that NGAP enhancement is needed to ensure AMF awareness of RRC_INACTIVE eDRX. As discussed in previous contributions such as [4] and [5], this can be supported by enhancing the already existing procedure for RRC INACTIVE Transition Report defined in TS 38.413, which indicates the UE RRC state information, thereby making AMF aware when the UE enters or leaves RRC_INACTIVE state or RRC_CONNECTED as captured in [3]. The necessary enhancement will be the addition of the eDRX cycle values for RRC_INACTIVE and the RAN configured PTW values for eDRX longer than 10.24 sec. The RAN configured PTW is up to RAN2 to decide on. 
Below an example of such enhancement.
	[bookmark: _Toc20955091][bookmark: _Toc29503537][bookmark: _Toc29504121][bookmark: _Toc29504705][bookmark: _Toc36553151][bookmark: _Toc36554878][bookmark: _Toc45652173][bookmark: _Toc45658605][bookmark: _Toc45720425][bookmark: _Toc45798305][bookmark: _Toc45897694][bookmark: _Toc51745898][bookmark: _Toc64446162][bookmark: _Toc73982032][bookmark: _Toc88652121][bookmark: _Toc97891164][bookmark: _Toc99123283][bookmark: _Toc99662088]9.2.2.10	RRC INACTIVE TRANSITION REPORT
This message is sent by the NG-RAN node to notify the 5GC the UE enters or leaves RRC_INACTIVE state.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	RRC State
	M
	
	9.3.1.92
	
	YES
	ignore

	User Location Information
	M
	
	9.3.1.16
	
	YES
	ignore

	NR Paging eDRX Information for RRC INACTIVE
	O
	
	ENUMERATED (hfquarter, hfhalf, hf1, FFS…)
	TeDRX, RAN defined in TS 38.304 [x]. Unit: [number of hyperframes].

	YES
	ignore

	RAN PTW 
	O
	
	FFS – TBD by RAN2
	RAN PTW when eDRX > 10.24 s for RAN paging in INACTIVE
	
	






Observation 2: Based on the SA2 solution, AMF requires information on RRC_INACTIVE eDRX cycle and possibly RAN configured PTW information for the configured UE when eDRX > 10.24 s
The condition for triggering the RRC INACTIVE TRANSITION REPORT message with the eDRX cycle value and RAN PTW value for eDRX > 10.24 s to request CN based MT communication handling is up to network implementation.
Proposal 1: The AMF awareness of UE unreachability can be realized by NG-RAN signalling the configured RRC_INACTIVE eDRX cycle information and PTW as new IE in the RRC INACTIVE TRANSITION REPORT message. The condition for triggering such message, and thus the CN based MT communication handling is up to network implementation.
Based on this information from NG-RAN, the AMF will deduce for how long the UE will be unreachable with long eDRX to enable data buffering at UPF. Then a second message should be defined to make NG-RAN aware of AMF’s acknowledgment of the eDRX information, and thereby of UE’s unreachability information. Otherwise, the NG-RAN may release the UE to RRC_INACTIVE state prematurely without knowing if HLcom benefits will apply. RAN3 should discuss and consider whether a new class 2 procedure should be defined for this purpose, e.g. “RRC INACTIVE TRANSITION REPORT FEEDBACK” message. 
Observation 3: An AMF->NG-RAN message should be defined to make NG-RAN aware of AMF’s acknowledgment of the eDRX information. Otherwise, the NG-RAN may release the UE to RRC_INACTIVE state prematurely without knowing if HLcom benefits will apply. 
Proposal 2: RAN3 to discuss if a new class 2 procedure e.g. “RRC INACTIVE TRANSITION REPORT FEEDBACK” message should be defined from AMF to NG-RAN
Support of UE configured in Dual Connectivity
[bookmark: _Hlk89206300]Instead of using the RRC INACTIVE TRANSITION REPORT message, a new set of procedures could be defined which can include transparent DL TNL information in case UE is configured with RRC_INACTIVE with long eDRX and with dual connectivity. In case of leg change, there will be a need for extra signalling over the NG interface to signal the information of leg change to the CN with the end DL TNL information to UPF.
Observation 4: In the scenario where the UE is being configured in RRC_INACTIVE with eDRX with dual connectivity configuration and resumes in another leg, extra NGAP messages are needed to inform CN about the path change. 
RAN3 should then discuss if it is preferable to define a new set of class 1 procedure (request/response/failure) should better be defined instead of re-using the RRC INACTIVE TRANSITION REPORT message, which will carry both the UE unreachability information (i.e. RRC_INACTIVE eDRX and PTW information) to AMF and the DL TNL information to UPF, so that CN switches the DL data path towards the new gNB leg and establishes an NG-C interface instance towards the new gNB.
Proposal 3: RAN3 to discuss whether the N2 message used for signalling the UE unreachability information to AMF should also support signalling the DL TNL information to UPF, as transparent information to AMF, in the scenario when the UE is being configured in RRC_INACTIVE with eDRX with dual connectivity configuration and resumes in another leg.
CN Triggered RAN Paging
Another point of discussion is how to support Network Triggered Connection Resume for UE in RRC Inactive with CN based MT communication handling. When there is DL MT data coming from the CN, the NG-RAN performs RAN paging towards the UE based on an N2 message from the AMF in order to trigger the UE triggered Connection Resume procedure. This is mentioned in the following signalling flow form [3]:
	
Figure 4.8.2.2b-1: Network Triggered Connection Resume for UE in RRC Inactive with CN based MT communication handling
1a.	When downlink data is received and the SMF/UPF is requested to perform buffering as specified in clause 4.8.1.1a, the UPF/SMF checks with AMF for the possibility of data delivery, similar to step 2 of clause 4.24.2 with the following differences:
-	The AMF determines if the UE is reachable based on the stored eDRX cycle value for RRC_INACTIVE state provided by NG-RAN in clause 4.8.1.1a. If the UE is unreachable, the AMF provides the Estimated Maximum Wait time in the response message based on the eDRX cycle value for RRC INACTIVE in AMF (steps 2-5 are skipped). If the UE is considered reachable, step 2 is triggered.
NOTE: This handling is similar to CM-IDLE with eDRX. When the AMF provides the Estimated Maximum Wait time, it can consider the time needed for RRC level procedures (e.g. RRC RNA update procedure) when UE wakes up from the eDRX cycle.
2.	The AMF sends an N2 message to NG-RAN with the request for the UE to be transitioned to RRC_CONNECTED.
Editor’s note:	Whether the N2 message to be used is a new message or an existing message, e.g. N2 notification, needs coordination with RAN WG.




AMF must ask NG-RAN to trigger the RAN paging, by sending a N2 notification in the step 2 and marked in the red text above. Such message must be a UE-associated message carrying the UE NGAP IDs, since the UE context is already present in NG-RAN for the configured UE in RRC_INACTIVE with long eDRX. Therefore, the existing CN Paging message for CM-IDLE cannot be used for this purpose since it is non-UE associated.
Observation 5: AMF sends a new UE associated request message to NG-RAN to trigger RAN paging. The NGAP PAGING message for CM-IDLE paging cannot be re-use since it is non-UE associated (UE AP IDs are not present).
We therefore propose that a new message is to be introduced by RAN3 for NG-RAN to trigger the RAN paging. An example of such new procedure can be as proposed below:
	[bookmark: _Toc525639559]<<Procedure example>>
8.5.x	Data Notification
[bookmark: _Toc525639560]8.5.x.1	General
The purpose of the Data Notification procedure is for the AMF to notify the NG-RAN that the UE has pending downlink data or signaling at the core network. 
[bookmark: _Toc525639561]8.5.x.2	Successful Operation 



Figure 8.5.x.1: Data Notification Procedure. Successful operation.
The AMF initiates the procedure by sending the DATA NOTIFICATION message to the NG-RAN.
The NG-RAN should use this information to trigger RAN Paging.
[bookmark: _Toc525639786]<<Tabular example>>
9.2.4.x	Data Notification
The message is sent by the AMF to notify NG-RAN that the UE has pending Downlink Data or signaling in the network.
Direction: AMF  NG-RAN
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Data Notification
	M
	
	ENUMERATED (true, …)
	
	YES
	reject






Proposal 4: A new message DATA NOTIFICATION from AMF to NG-RAN needs to be introduced for NG-RAN to trigger the RAN paging in case of MT Data. RAN3 to take the proposed message as basis. 
A reply LS to SA2 is provided in [6]
Conclusions and Proposals
Our observations and proposals are summarized below.
Proposal 0: RAN3 to consider that the solution for long eDRX support in RRC_INACTIVE with CN handling is applicable to NR UEs in general. 

Observation 1: A new IE is needed in the NGAP message from AMF to NG-RAN, e.g. during the INITIAL UE CONTEXT SETUP message Core Network Assistance Information for RRC INACTIVE IE, that indicates that the CN supports the Rel-18 solution for CN handling of MT communication while the UE is in RRC_INACTIVE state.

Observation 2: Based on the SA2 solution, AMF requires information on RRC_INACTIVE eDRX cycle and possibly RAN configured PTW information for the configured UE when eDRX > 10.24 s
Proposal 1: The AMF awareness of UE unreachability can be realized by NG-RAN signalling the configured RRC_INACTIVE eDRX cycle information and PTW as new IE in the RRC INACTIVE TRANSITION REPORT message. The condition for triggering such message, and thus the CN based MT communication handling is up to network implementation.
Observation 3: An AMF->NG-RAN message should be defined to make NG-RAN aware of AMF’s acknowledgment of the eDRX information. Otherwise, the NG-RAN may release the UE to RRC_INACTIVE state prematurely without knowing if HLcom benefits will apply. 
Proposal 2: RAN3 to discuss if a new class 2 procedure e.g. “RRC INACTIVE TRANSITION REPORT FEEDBACK” message should be defined from AMF to NG-RAN

Observation 4: In the scenario where the UE is being configured in RRC_INACTIVE with eDRX with dual connectivity configuration and resumes in another leg, extra NGAP messages are needed to inform CN about the path change. 
Proposal 3: RAN3 to discuss whether the N2 message used for signalling the UE unreachability information to AMF should also support signalling the DL TNL information to UPF, as transparent information to AMF, in the scenario when the UE is being configured in RRC_INACTIVE with eDRX with dual connectivity configuration and resumes in another leg.

Observation 5: AMF sends a new UE associated request message to NG-RAN to trigger RAN paging. The NGAP PAGING message for CM-IDLE paging cannot be re-use since it is non-UE associated (UE AP IDs are not present).
Proposal 4: A new message DATA NOTIFICATION from AMF to NG-RAN needs to be introduced for NG-RAN to trigger the RAN paging in case of MT Data. RAN3 to take the proposed message as basis.
A reply LS to SA2 is provided in [6]
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