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Foreword
This document is divided into three chapters: 
1. A first chapter describing our views on the needed enhancements to support CN MT communication handling for RRC_INACTIVE eDRX beyond 10.24 sec,
2. A second chapter discussing the RAN2 LS on INACTIVE eDRX above 10.24sec and SDT
3. And a final chapter with the reply LS to RAN2 on the second point.
Discussion CN MT communication handling for RRC_INACTIVE eDRX beyond 10.24 sec 
Enhanced Inactive eDRX signalling
 RAN3 have discussed in RAN3#118 meeting the LS from SA2 on RRC_INACTIVE long eDRX (>10.24 sec) support with CN Mobile Terminated (MT) communication handling [1]. The discussion briefly went over the new signalling impacts between RAN and CN to support CN buffering when the UE is unreachable due to long eDRX in RRC_INACTIVE. Based on the early discussion from RAN3#118, RAN3 have a made the following preliminary agreements:
1. It’s up to gNB implementation when the gNB triggers the CN based MT communication handling request to CN
2. A Class1 procedure is used to report to AMF when UE enters RRC_INACTIVE with eDRX > 10.24s.
A LS reply to SA2 was sent in [2]. 
In RAN3#119 meeting, RAN3 have confirmed that the triggering criteria for gNB sending a request to CN for CN based MT communication handling (point 1 above) is for eDRX cycle lengths larger than 10.24s. The triggering criteria are up to implementation [3].
In RAN3#119bis-e meeting, the eRedCap WI officially starts. We continue discussing the essential RAN3 changes needed to support the SA2 solutions specified in TS 23.501 and TS 23.502.
In RAN2#121, RAN2 have made the following agreements related to enhanced eDRX in RRC_INACTIVE:
	
· The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
· RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
· It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
· When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
· PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
· Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
· Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message
· Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
· FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
· RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
· Indicate to [RAN3/SA2/CT1] that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT), and ask for feedback, if any.
· RAN2 sent an LS to SA2, CT1 and RAN3 in R2-2302082 informing them that in Rel-18, RAN2 intends to allow configuring eDRX beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT).




Based on the RAN2 agreements, the following observations can be made:
Observation 0:
1) enhanced INACTIVE eDRX can be applied to all R18 UEs. The solution with CN MT handling can thus be supported to all NR UEs in general;
2) The enhanced INACTIVE eDRX cycles are the same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024.
3) The enhanced INACTIVE PTW length value range is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
4) Based on points 3) and 4), the NR Paging eDRX Information IE in TS 38.413 section 9.3.1.227 can be re-used in the signalling from RAN to CN about the INACTIVE eDRX.
On the signalling aspects, the enhanced INACTIVE eDRX configuration with the eDRX paging cycles and PTW need to be signalled from the NG-RAN to CN to request for CN MT handling. The stage 2 call flow is defined in TS 23.502 section 4.8.1.1a Connection Inactive procedure with CN based MT communication handling as below:
	4.8.1.1a	Connection Inactive procedure with CN based MT communication handling
This procedure may be initiated by the serving NG-RAN node when CN based mobile terminating (MT) communication handling is requested for a UE that is configured with eDRX cycle value longer than 10.24 seconds for RRC_INACTIVE state and has at least one PDU session with active user plane as defined in clause 5.31.7 of TS 23.501 [2].


Figure 4.8.1.1a-1: NG-RAN initiated Connection Inactive procedure with CN based MT communication handling
0.	The UE is registered in the network with negotiated eDRX parameters for CM-IDLE state and is in CM-CONNECTED with RRC_CONNECTED state. 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 [2]. The AMF also includes support indication of CN based MT communication handling for UE in CM-CONNECTED with RRC_INACTIVE state.
1.	NG-RAN determines eDRX cycle value for UE in RRC_INACTIVE state and decides to transit the UE to RRC_INACTIVE state with CN based MT communication handling.
2.	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.
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 considering also if it's NGAP class 1 or class 2 procedure.



The following enhancements are needed in NGAP:

1) In step 0, the AMF provides a “CN MT communication handling support” IE to NG-RAN (e.g. in the INITIAL CONTEXT SETUP REQUEST message), to indicate the CN support of the new Rel-18 feature for CN handling when the UE is in the RRC_INACTIVE state. This is necessary to help the NG-RAN distinguish between legacy AMFs or AMFs that do not support CN buffering. The new CN MT communication handling 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, to indicate CN support of CN MT communication handling.

Proposal 1: Include a CN MT communication handling IE in the Core Network Assistance Information for RRC INACTIVE IE

2) The N2 message in Step 2 and response message in step 6 need to be defined. As agreed in RAN3#118, they should be part of a new class 1 procedure. In fact, the gNB must know that the CN has successfully activated the buffering of data/signalling to decide on UE’s release. In the N2 request message, the NG-RAN must indicate the INACTIVE eDRX cycle values and the RAN configured PTW values as agreed by RAN2 so that the CN is aware of UE’s unreachability, and when UE can receive any data. 
An example of such class 1 procedure with new request/response/failure messages is presented below:
	[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.X1	CN MT COMMUNICATION HANDLING REQUEST
This message is sent by the NG-RAN to AMF when requesting for CN MT communication handling for a UE in RRC_INACTIVE state with long eDRX beyond 10.24 seconds.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	9.3.1.1
	

	AMF UE NGAP ID
	M
	
	9.3.3.1
	

	RAN UE NGAP ID
	M
	
	9.3.3.2
	

	NR Paging eDRX Information for RRC INACTIVE
	M
	
	NR Paging eDRX Information 
9.3.1.227
	



9.2.2.X2	CN MT COMMUNICATION HANDLING RESPONSE
This message is sent by the AMF to indicate that CN MT Communication handling was successfully applied.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	9.3.1.1
	

	AMF UE NGAP ID
	M
	
	9.3.3.1
	

	RAN UE NGAP ID
	M
	
	9.3.3.2
	



9.2.2.X3	CN MT COMMUNICATION HANDLING FAILURE
This message is sent by the AMF to indicate that CN MT Communication handling was unsuccessful.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	9.3.1.1
	

	AMF UE NGAP ID
	M
	
	9.3.3.1
	

	RAN UE NGAP ID
	M
	
	9.3.3.2
	

	Cause
	M
	
	9.3.1.2
	

	Criticality Diagnostics
	O
	
	9.3.1.3
	






Proposal 2: RAN3 to define the class 1 procedure for RAN requesting CN MT Communication Handling with three messages:
· CN MT COMMUNICATION HANDLING REQUEST
· CN MT COMMUNICATION HANDLING RESPONSE
· CN MT COMMUNICATION HANDLING FAILURE

[bookmark: _Hlk131519033]Furthermore, in case the UE is configured with RRC_INACTIVE with long eDRX and with dual connectivity (since long eDRX is valid for all NR UEs), the requesting message (i.e., CN MT COMMUNICATION HANDLING REQUEST message) can include the transparent DL TNL information, which can be signalled transparently via AMF, to UPF directly. This way, the CN can switch the DL data path towards the new leg and establishes an NG-C interface instance towards it. This saves on CN signalling.
Observation 2: In the scenario where the UE is in RRC_INACTIVE with enhanced eDRX and 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 requesting message (i.e., CN MT COMMUNICATION HANDLING REQUEST message) can include 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 to save on CN signalling.
CN Triggered RAN Paging
A second aspect to discuss is the N2 message from AMF to NG-RAN with the request for the UE to be transitioned to RRC_CONNECTED (Figure 4.8.2.2b-1 step 2 of section 4.8.2.2b of TS 23.502 Network Triggered Connection Resume in RRC Inactive with CN based MT communication handling). 
RAN3 has not yet decided whether the existing NGAP CN Paging procedure could be enhanced to support CN Triggered RAN Paging with CN based MT communication handling, or if a new NGAP notification procedure should be defined to trigger RAN paging with CN based MT communication handling:
	

Figure 4.8.2.2b-1: Network Triggered Connection Resume for UE in RRC Inactive with CN based MT communication handling
[…]
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 WGs.
3.	NG-RAN performs RAN paging towards the UE.
4.	When the UE receives RAN paging, it initiates the UE triggered Connection Resume procedure and NG-RAN notifies CN as specified in clause 4.8.2.2 including the N2 Notification in step 3b.
5.	The UPF triggers downlink data delivery if there is any. The AMF sends downlink NAS messages if there is any



In our understanding, the N2 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 and UE APIDs are missing.
Observation 3: The NGAP PAGING message for CM-IDLE paging cannot be re-use for CN triggered request for RAN Paging since it is non-UE associated (UE AP IDs are not present).
Furthermore, in the CT4 LS on Paging Policy Information for Network Triggered Connection Resume in [4], it is mentioned that SMF shall trigger AMF EnableUEReachability service to request UE connectivity by including parameters for paging strategy differentiation: PPI, the ARP and the 5QI of the QoS flow of the PDU session. The AMF in turn triggers a RAN paging including the same parameters to enable NG-RAN to perform RAN paging as if when it receives the DL data from the UPF for the UE, where it can derive PPI/ARP/5QI and PDU session from the DL packet:
	[bookmark: _Hlk128565481]The Network Triggered Connection Resume procedure in RRC Inactive with CN based MT communication handling, specified in clause 4.8.2.2b of 3GPP TS 23.502, requires the SMF to send an Namf_MT EnableUEReachability request to the AMF and the AMF to request then the NG-RAN to transition the UE to RRC_CONNECTED. This involves NG-RAN paging the UE.
Accordingly, when specifying the corresponding stage 3 requirements, CT4 has assumed that: 
[bookmark: _Hlk131522598]-	the Namf_MT EnableUEReachability request should allow the SMF to provide paging policy information/parameters including the PPI, the ARP and the 5QI of the QoS flow of the PDU session which triggers the Connection Resume procedure, and
-	the AMF would include the same towards the NG-RAN to enable similar NG-RAN paging as when NG-RAN pages the UE upon receiving DL packets for a UE in RRC_INACTIVE state (without CN based MT communication handling).  




It can be understood then that in the N2 message requesting for RAN Paging, the AMF includes the same parameters PPI/ARP/5QI and PDU session ID to help RAN formulate the paging policy and differentiation strategy when paging the UE in RRC_INACTIVE with long eDRX > 10.24 sec. This is yet another reason why a new NGAP message is needed, since from both AMF and SMF perspectives, the triggering message is different than in CM-IDLE.
Observation 4: When AMF receives the EnableUEReachability request from SMF, the AMF includes PPI/ARP/5QI and PDU session ID parameters in the N2 message to help RAN formulate the paging policy and differentiation strategy
Based on these reasons, we propose to define a new NGAP message from AMF to NG-RAN to trigger the RAN paging. The new message includes information about ARP, 5QI, PPI, PDU Session ID parameters, as received by AMF from SMF in EnableUEReachabilityReqData message, to help RAN decide for the paging policy/profile for Inactive. 
An example of such new procedure can be as proposed below:
	[bookmark: _Toc525639559]<<Procedure example>>
8.5.x	CN Triggered RAN Paging
[bookmark: _Toc525639560]8.5.x.1	General
The purpose of the CN Triggered RAN Paging procedure is to enable the AMF to request RAN Paging for the UE configured with eDRX cycle value longer than 10.24 seconds in RRC_INACTIVE state. The procedure uses UE associated signalling. 
[bookmark: _Toc99123049][bookmark: _Toc99661852][bookmark: _Toc105151913][bookmark: _Toc105173719][bookmark: _Toc106108718][bookmark: _Toc106122623][bookmark: _Toc107409176][bookmark: _Toc112756365][bookmark: _Toc120536859]8.5.X.2	Successful Operation


Figure 8.5.2.2-1: CN Triggered RAN Paging 
The AMF initiates the CN Triggered RAN Paging procedure by sending the CN TRIGGERED RAN PAGING  message to the NG-RAN node.
At the reception of the CN TRIGGERED RAN PAGING message, the NG-RAN node shall perform RAN Paging for the UE in RRC_INACTIVE state.
If the flowing IEs are included in the CN TRIGGERED RAN PAGING message, the NG-RAN shall, if supported, take them into account when triggering RAN Paging:
· Paging Priority Indicator, 
· Allocation and Retention Priority
· 5QI
· PDU Session ID
[bookmark: _Toc525639786]<<Tabular example>>
[bookmark: _Toc20955108][bookmark: _Toc29503554][bookmark: _Toc29504138][bookmark: _Toc29504722][bookmark: _Toc36553168][bookmark: _Toc36554895][bookmark: _Toc45652204][bookmark: _Toc45658636][bookmark: _Toc45720456][bookmark: _Toc45798336][bookmark: _Toc45897725][bookmark: _Toc51745929][bookmark: _Toc64446193][bookmark: _Toc73982063][bookmark: _Toc88652152][bookmark: _Toc97891195][bookmark: _Toc99123315][bookmark: _Toc99662119][bookmark: _Toc105152185][bookmark: _Toc105173991][bookmark: _Toc106108989][bookmark: _Toc106122894][bookmark: _Toc107409447][bookmark: _Toc112756636][bookmark: _Toc120537130]9.2.4.X1	CN TRIGGERED RAN PAGING
This message is sent by the AMF to request NG-RAN performing RAN paging of the UE
Direction: AMF  NG-RAN
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	9.3.1.1
	

	AMF UE NGAP ID
	M
	
	9.3.3.1
	

	RAN UE NGAP ID
	M
	
	9.3.3.2
	

	Data Notification
	M
	
	ENUMERATED (true, …)
	

	Paging Priority Indicator (PPI)
	O
	
	INTEGER
(0.. 7, …)
	The Paging Policy Indicator is used for paging policy differentiation (see details in TS 23.501).

	Allocation and Retention Priority
	O
	
	9.3.1.19
	

	5QI
	O
	
	INTEGER (0..255, …)
	indicate the 5QI associated with the PDU session

	PDU Session ID
	O
	
	INTEGER (0..255)
	This IE identifies a PDU Session for a UE. The definition and use of the PDU Session ID is specified in TS 23.501






Proposal 4: To support Network Triggered Connection Resume in RRC Inactive with CN based MT communication handling, RAN3 to define a new NGAP message CN TRIGGERED RAN PAGING for RAN paging the UE, containing the paging policy information/parameters (PPI, ARP, 5QI, PDU Session ID), as received from SMF during the EnableUEReachability request message
Signalling of UE RRC state transition
Another point of discussion is how to notify AMF about UE change of RRC state, e.g. UE moved to RRC_CONENCTED after successful RAN paging request. This is captured by SA2 in TS 23.502 as part of UE Triggered Connection Resume in RRC Inactive procedure in section 4.8.2.2.

	[bookmark: _Toc20204029][bookmark: _Toc27894715][bookmark: _Toc36191782][bookmark: _Toc45192868][bookmark: _Toc47592500][bookmark: _Toc51834581][bookmark: _Toc122443217]4.8.2.2	UE Triggered Connection Resume in RRC Inactive procedure
The Connection Resume procedure is used by the UE to perform RRC Inactive to RRC Connected state transition. Triggers for the UE to initiate this procedure are defined in clause 5.3.3.2.5 of TS 23.501 [2].


Figure 4.8.2.2-1: Connection Resume in RRC Inactive
[…]
3b.	[Conditional] N2 Notification,
3b.1	If the accessed NG-RAN is the same as the NG-RAN that configured RRC Inactive and still has the UE context, NG-RAN send an N2 Notification to the AMF indicating the UE is in RRC_CONNECTED, if an AMF requested N2 Notification (see clause 4.8.3) or Connection Inactive procedure with CN based MT communication handling (see clause 4.8.1.1a) has been performed previously.
3b.2	The AMF invokes Nsmf_PDUSession_UpdateSMContext Request towards SMF indicating the Downlink data delivery for each PDU session with active user plane, if the AMF has requested data buffering as described in clause 4.8.1.1a.
3b.3	N4 session modification procedure is triggered by the SMF. If data buffering is handled in the UPF, the SMF updates the UPF with appropriate rules to trigger data delivery.
3b.4	The SMF sends the Nsmf_PDUSession_UpdateSMContext response.
3b.5	The AMF sends the N2 response to NG-RAN.
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 WGs considering also if it's NGAP class 1 or class 2 procedure.
4.	NG-RAN to UE: RRC message.
	The NG-RAN confirms to the UE that the UE has entered RRC_CONNECTED state.
NOTE:	Steps 3 and 4 can be executed in parallel.




The rationale behind the N2 notification is that the CN needs to know that the UE has been transitioned successfully to RRC_CONNECTED state so that it can send any buffered data/signalling and avoid its loss. RAN3 had previously discussed in RAN3#118 the possibility to reuse the NGAP class 2 procedure RRC INACTIVE TRANSITION REPORT message to indicate AMF that the UE is back to RRC_CONNECTED state, but RAN3 has not reached an agreement. In our view, the procedure can be re-used since it can indicate the UE RRC state. On the other hand, the necessity of a response message from AMF to NG-RAN (step 3b.5) can be further discussed. At first, it does not seem necessarily as the stage 2 text does not indicate any new needed functionality.
Proposal 6: N2 notification procedure
· The existing NGAP class 2 procedure RRC INACTIVE TRANSITION REPORT message is re-used to indicate AMF that the UE is back to RRC_CONNECTED state
· The need of a class2 message from AMF to NG-RAN is FFS

Other spec impacts
The XnAP and F1AP messages related to RAN Paging need to be enhanced to support paging with enhanced INACTIVE eDRX cycles and PTW. Therefore, changes to Xn RAN PAGING and F1AP PAGING messages are needed to include the new codepoints as highlighted in Observation 0 above.
The stage 2 CR to TS 38.300 s also needed to clarify RAN behaviour when receiving the CN MT communication handling support” IE. 
Also changes to TS 38.410 is needed to capture the new NGAP procedures definition.
We provide CRs to TS 38.300, NGAP, XnAP and F1AP in the accompanying document [5].
Proposal 7: RAN3 to discuss the other specs impacts to XnAP and F1AP to support enhanced INACTIVE eDRX beyond 10.24 sec and discuss other spec impacts.
Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 0:
1) enhanced INACTIVE eDRX can be applied to all R18 UEs. The solution with CN MT handling can thus be supported to all NR UEs in general;
2) The enhanced INACTIVE eDRX cycles are the same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024.
3) The enhanced INACTIVE PTW length value range is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
4) Based on points 3) and 4), the NR Paging eDRX Information IE in TS 38.413 section 9.3.1.227 can be re-used in the signalling from RAN to CN about the INACTIVE eDRX.
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, to indicate CN support of CN MT communication handling.

Proposal 1: Include a CN MT communication handling IE in the Core Network Assistance Information for RRC INACTIVE IE

Proposal 2: RAN3 to define the  class 1 procedure for RAN requesting CN MT Communication Handling with three messages:
· CN MT COMMUNICATION HANDLING REQUEST
· CN MT COMMUNICATION HANDLING RESPONSE
· CN MT COMMUNICATION HANDLING FAILURE

Observation 2: In the scenario where the UE is in RRC_INACTIVE with enhanced eDRX and 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 requesting message (i.e., CN MT COMMUNICATION HANDLING REQUEST message) can include 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 to save on CN signalling.
Observation 3: The NGAP PAGING message for CM-IDLE paging cannot be re-use for CN triggered request for RAN Paging since it is non-UE associated (UE AP IDs are not present).
Observation 4: When AMF receives the EnableUEReachability request from SMF, the AMF includes PPI/ARP/5QI and PDU session ID parameters in the N2 message to help RAN formulate the paging policy and differentiation strategy
Proposal 4: To support Network Triggered Connection Resume in RRC Inactive with CN based MT communication handling, RAN3 to define a new NGAP message CN TRIGGERED RAN PAGING for RAN paging the UE, containing the paging policy information/parameters (PPI, ARP, 5QI, PDU Session ID), as received from SMF during the EnableUEReachability request message
Proposal 6: N2 notification procedure
· The existing NGAP class 2 procedure RRC INACTIVE TRANSITION REPORT message is re-used to indicate AMF that the UE is back to RRC_CONNECTED state
· The need of a class2 message from AMF to NG-RAN is FFS
Proposal 7: RAN3 to discuss the spec impacts to XnAP and F1AP to support enhanced INACTIVE eDRX beyond 10.24 sec and discuss other spec impacts.
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Annex
Objective of eRedCap WID [3] with RAN3 impacts:
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
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	ZTE

	TS 38.423
	Ericsson

	TS 38.300
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Discussion on RRC_INACTIVE eDRX beyond 10.24 sec and Rel-17 MO-SDT
In [1], RAN2 sent a LS to RAN3, SA2 and CT1 with the following statement:
	RAN2 would like to inform that in Rel-18, RAN2 intends to allow configuring extended DRX (eDRX) beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT).


In the below, we provide our views on the topic.
In Rel-18, CN based MT communication handling for UE in RRC_INACTIVE with eDRX>10.24s is introduced as one option for downlink signalling/data handling, where MT data can be buffered in CN if it is requested by NG-RAN (based on NG-RAN implementation decision). When the data/signalling is buffered, the CN only delivers data/signalling to NG-RAN when UE is in RRC_CONNECTED state to avoid data/signalling loss. This is specified in TS 23.502 section 4.8.2.2:
	4.8.2.2	UE Triggered Connection Resume in RRC Inactive procedure
The Connection Resume procedure is used by the UE to perform RRC Inactive to RRC Connected state transition. Triggers for the UE to initiate this procedure are defined in clause 5.3.3.2.5 of TS 23.501 [2].


Figure 4.8.2.2-1: Connection Resume in RRC Inactive
1.	UE to NG-RAN: RRC message (Resume ID).
	The UE initiates the transition from RRC Inactive state to RRC Connected state, see TS 38.300 [9]. The UE provides its Resume ID needed by the NG-RAN to access the UE's stored Context.
2.	[Conditional] NG-RAN performs UE Context Retrieval.
	UE Context Retrieval is performed when the UE Context associated with the UE attempting to resume its connection is not locally available at the accessed NG-RAN. The UE Context Retrieval procedure via NG-RAN is specified in TS 38.300 [9].
3a.	[Conditional] N2 Path switch procedure.
	If the accessed NG-RAN is able to retrieve the UE Context, the accessed NG-RAN node initiates N2 Path Switch procedure, i.e. steps 1 to 8 of clause 4.9.1.2.2 and including Xn data forwarding.
	If the Connection Resume procedure is a response to RAN paging which is triggered by 5GC due to an N2 interface procedure, NG-RAN and 5GC handle the N2 interface procedure as a collision described in clause 4.9.1.2.
3b.	[Conditional] N2 Notification,
3b.1	If the accessed NG-RAN is the same as the NG-RAN that configured RRC Inactive and still has the UE context, NG-RAN send an N2 Notification to the AMF indicating the UE is in RRC_CONNECTED, if an AMF requested N2 Notification (see clause 4.8.3) or Connection Inactive procedure with CN based MT communication handling (see clause 4.8.1.1a) has been performed previously.
3b.2	The AMF invokes Nsmf_PDUSession_UpdateSMContext Request towards SMF indicating the Downlink data delivery for each PDU session with active user plane, if the AMF has requested data buffering as described in clause 4.8.1.1a.
3b.3	N4 session modification procedure is triggered by the SMF. If data buffering is handled in the UPF, the SMF updates the UPF with appropriate rules to trigger data delivery.
3b.4	The SMF sends the Nsmf_PDUSession_UpdateSMContext response.
3b.5	The AMF sends the N2 response to NG-RAN.
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 WGs considering also if it's NGAP class 1 or class 2 procedure.
4.	NG-RAN to UE: RRC message.
	The NG-RAN confirms to the UE that the UE has entered RRC_CONNECTED state.
NOTE:	Steps 3 and 4 can be executed in parallel.



In the case of MO-SDT, when the UE sends a RRC Resume Request to the NG-RAN to send some UL SDT data or UL SDT signalling, the UE will continue to be in RRC_INACTIVE state and will re-enter RRC_INACTIVE state upon receiving RRC Release message with suspend indication. In this situation, if NG-RAN does not inform the CN about UE’s “presence”, there is a risk that the data/signalling cannot be delivered to UE during this UE’s quick “presence”, which may lead to the DL data confined in the CN for a longer time. 
Observation 1: If the CN is not made aware of the UE’s  “presence” when UE sends RRC Resume request message for MO-SDT, the pending DL data/signalling buffered in the CN can remain confined for longer time
In our view, if the UE initiates MO-SDT after the NG-RAN has requested for CN to do buffering, (before the network considers the UE is reachable based on eDRX cycle), then the UE can send some UL data/signaling, but the NG-RAN should inform CN that UE is present in the network for delivery of any pending data/signalling that is buffered in the CN. If any DL data or signalling can be delivered to the UE, then NG-RAN shall move the UE in RRC_CONNECTED state instead of quick release to RRC_INACTIVE. We note that this is also aligned with the note in TS 38.300 section 18.2 which could be interpreted as end of SDT:
	NOTE:      In case DL non-SDT data or DL non-SDT signalling arrives, or the UE assistance information (i.e. UL non-SDT data arrival indication) is received from the UE, the receiving gNB may decide to directly send the UE to RRC_CONNECTED state by sending the RRCResume message.



Below a flow-chart of the signalling considering Rel-17 MO-SDT and R18 RRC-INACTIVE long eDRX>10.24sec procedures with CN handling:
[image: ]
Fig.1: Flow chart of MO-SDT and RRC_INACTIVE connection resume
Some observations based on this flow-chart and general considerations that can be made:
1. Because the UE is not in RRC_CONNECTED state when it sends the RRC Resume Request message for MO-SDT in step 7, the NG-RAN should indicate in the N2 notification message in step 8 if the UE has accessed the network for the purpose of SDT so that the CN is made aware of UE’s presence and send any buffered data/signalling. We note that the messages in steps 8 and 10 have not been defined yet in RAN3 and the details will be discussed when the R18 RedCap WI starts in RAN3#119bis-e. Currently the RRC INACTIVE TRANSITION REPORT message already defined in TS 38.413 could be re-used as candidate message in step 8. If the message is re-used, it indicates the UE’s RRC state and could also indicate that the UE is in RRC_INACTIVE state and has accessed the network for MO-SDT, thus triggering an action to the CN for delivery of any pending data/signalling. An alternative, could be that the NG-RAN always notifies the CN that the UE is in RRC_CONNECTED when the UE accesses for MO-SDT.  This way the CN is not made aware of SDT procedure at all.
	[bookmark: _Toc105152154][bookmark: _Toc105173960][bookmark: _Toc106108958][bookmark: _Toc106122863][bookmark: _Toc107409416][bookmark: _Toc112756605][bookmark: _Toc120537099]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

	Resume cause
	O
	
	ENUMERATED(MO-SDT,…)
	
	YES
	ignore





2. It is FFS if step 10 is a separate class 2 procedure, or whether the messages in step 8 and 10 should be part of a class 1 procedure. This will also be discussed in the R18 RedCap WI. After step 10, the NG-RAN can wait for the DL packets to count and to decide if UE can be released or moved to RRC_CONNECTED. An alternative could be to include in the NGAP message in step 10 whether any pending data is pending the CN, this will help the NG-RAN to make a quick decision to move the UE to RRC_CONNECTED, rather than waiting for the actual data to arrive.
3. In case the UE resumes in a new gNB in the RNA, and the new gNB sends a RETRIEVE UE CONTEXT REQUEST message to the old gNB with the SDT indicator, if the last serving gNB had previously sent the request to CN for MT data handling (step 3) and to avoid data loss, it shall not proceed with SDT partial UE context transfer. The new gNB will take care of notifying the AMF that the UE accessed for MO-SDT state after the path switch request. If there is indication of DL data/signalling pending at the CN that is signalled to new gNB directly (or pending data indication), the new gNB takes decision to not proceed with SDT. Otherwise, if there is no DL data/DL signaling coming from the CN (no pending data indication), the new gNB can continue with SDT anchor relocation as defined in TS 38.300 section 18.2.
[image: ] 
Fig.2: Flow chart of MO-SDT and RRC_INACTIVE connection resume in case of UE context retrieval
Proposals for MO-SDT with long eDRX for RRC-INACTIVE:
· In case CN based MT communication handling is requested by NG-RAN:
· When the UE accesses for MO-SDT, the NG-RAN should notify the 5GCN of UE’s presence: either that the UE has resumed for MO-SDT, or that the UE is in RRC_CONNECTED state. This will follow the specified behaviour by SA2 in clause 5.31.7.2.1 in TS 23.501 and procedures in clause 4.8.1.1a and 4.8.2.2b in TS 23.502. 
· When receiving the N2 notification of UE’s presence, the CN informs the NG-RAN of any buffered pending data/signalling. The details of the signalling need to be checked with the definition of the NGAP procedure (class1 or two class2 procedures).
· Based on the information, coming data/signalling, from 5GCN, the NG-RAN takes decision whether it shall move the UE to RRC_CONNECTED state and terminate SDT instead of fast release to RRC_INACTIVE. 
· In case the UE resumes in a new gNB in the RNA and the new gNB sends a RETRIEVE UE CONTEXT REQUEST message to the old gNB with the SDT indicator, the last serving gNB shall always proceed with SDT full UE context transfer to avoid data loss.

RRC_INACTIVE eDRX beyond 10.24 sec and Rel-18 MT-SDT
The case of MT-SDT is specified in Rel-18 where the gNB classifies the receiving DL Data/Signalling as DL-SDT data or DL-SDT signalling to trigger the MT-SDT paging session. In this situation it is the NG-RAN that performs RAN buffering of the data to trigger MT-SDT. To avoid impacts between the CN based MT data/signalling handling and MT-SDT framework (as MT-SDT is about gNB implementation freedom on decision what paging scheme to apply), and avoid impacts on the CN about support of MT-SDT feature at the SMF, UPF and AMF, in our view the gNB should not request any CN handling of the data. In other words, only RAN buffering is to be done in case of long eDRX for RRC_INACTIVE when the MT-SDT feature is activated in the network.
Proposals for MT-SDT with long eDRX for RRC_INACTIVE:
· There is no need to impact the CN based buffering solution to work together with MT-SDT when eDRX is beyond 10.24 sec
· During MT-SDT session, in case of long eDRX for RRC_INACTIVE the NG-RAN does buffering of the data.
A LS reply to RAN2/SA2/CT1 is provided in [2]

Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: If the CN is not made aware of the UE’s  “presence” when UE sends RRC Resume request message for MO-SDT, the pending DL data/signalling buffered in the CN can remain confined for longer time
Proposals for MO-SDT with long eDRX for RRC-INACTIVE:
· In case CN based MT communication handling is requested by NG-RAN:
· When the UE accesses for MO-SDT, the NG-RAN should notify the 5GCN of UE’s presence: either that the UE has resumed for MO-SDT, or that the UE is in RRC_CONNECTED state. This will follow the specified behaviour by SA2 in clause 5.31.7.2.1 in TS 23.501 and procedures in clause 4.8.1.1a and 4.8.2.2b in TS 23.502. 
· When receiving the N2 notification of UE’s presence, the CN informs the NG-RAN of any buffered pending data/signalling. The details of the signalling need to be checked with the definition of the NGAP procedure (class1 or two class2 procedures).
· Based on the information from 5GCN, the NG-RAN takes decision whether it shall move the UE to RRC_CONNECTED state and terminate SDT instead of fast release to RRC_INACTIVE. 
· In case the UE resumes in a new gNB in the RNA and the new gNB sends a RETRIEVE UE CONTEXT REQUEST message to the old gNB with the SDT indicator, the last serving gNB shall always proceed with SDT full UE context transfer to avoid data loss.

Proposals for MT-SDT with long eDRX for RRC_INACTIVE:
· There is no need to impact the CN based buffering solution to work together with MT-SDT when eDRX is beyond 10.24 sec
· During MT-SDT session, in case of long eDRX for RRC_INACTIVE the NG-RAN does buffering of the data.
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1. Overall Description:
RAN3 thanks RAN2 for their LS on INACTIVE eDRX above 10.24sec and SDT. 

RAN3 has considered the RAN2 intention to allow configuring extended DRX (eDRX) beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT). Based on RAN3 understanding and analysis, the following considerations were made:

For MO-SDT with long eDRX for RRC-INACTIVE:
· In case CN based MT communication handling is requested by NG-RAN:
· When the UE accesses for MO-SDT, the NG-RAN should notify the 5GCN of UE’s presence: either that the UE has resumed for MO-SDT, or that the UE is in RRC_CONNECTED state. This will follow the specified behaviour by SA2 in clause 5.31.7.2.1 in TS 23.501 and procedures in clause 4.8.1.1a and 4.8.2.2b in TS 23.502. 
· When receiving the N2 notification of UE’s presence, the CN informs the NG-RAN of any buffered pending data/signalling. The details of the signalling need to be checked with the definition of the NGAP procedure (class1 or two class2 procedures).
· Based on the information from 5GCN, the NG-RAN takes decision whether it shall move the UE to RRC_CONNECTED state and terminate SDT instead of fast release to RRC_INACTIVE. 
· In case the UE resumes in a new gNB in the RNA and the new gNB sends a RETRIEVE UE CONTEXT REQUEST message to the old gNB with the SDT indicator, the last serving gNB shall always proceed with SDT full UE context transfer to avoid data loss.

For MT-SDT with long eDRX for RRC_INACTIVE:
· There is no need to impact the CN based buffering solution to work together with MT-SDT when eDRX is beyond 10.24 sec
· During MT-SDT session, in case of long eDRX for RRC_INACTIVE the NG-RAN does buffering of the data. 


2. Actions:
To RAN2/SA2/CT1:
ACTION: 	RAN3 kindly asks RAN2, SA2 and CT1 to take the above RAN3 decision into account.

3. Date of Next TSG-RAN2 Meetings:
TSG RAN3 Meeting #120 	22 - 26 May 2023		Republic of Korea
TBD
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