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1. Introduction
In RAN3 #118 meeting, we received the LS R3-226170 from SA2, seen as below.
	
1. Overall Description:
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_INACATIVE, 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).


2. Actions:
To RAN3, RAN2
ACTION: 	SA2 kindly asks RAN3 and RAN2 to provide their views on the condition for triggering CN based MT communication handling and the ENs on NGAP messages. 



This paper addresses the RAN3 issues based on this incoming LS.
2. Discussion
2.1. CN capability with long eDRX for RRC_INACATIVE
SA2 has agreed to support MT data and signalling handling within the CN. Based on the SA2 agreed CR S2-2209675, as below, in the step 0 in section 4.8.1.1a	Connection Inactive procedure with CN based MT communication handling, the AMF shall transmit its capability information to the NG-RAN, if it supports CN based MT communication handling, therefore, based on this capability information and CN configured idle edrx cycle, NG-RAN can determine whether an inactive edrx cycle exceeding 10.24s can be configured.
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.
Proposal 1: Add a new IE in the “Core Network Assistance Information for RRC INACTIVE” IE, to indicate CN capability of MT communication handling with long eDRX for RRC_INACATIVE.
In Rel-17, the "NR Paging eDRX Information for RRC INACTIVE" IE is introduced over XnAP and F1AP for RAN paging, where the INACTIVE eDRX cycle is no longer than 10.24s, seen below:
This IE indicates the NR Paging eDRX parameters for RRC_INACTIVE as defined in TS 38.304 [24].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR Paging eDRX Cycle Inactive
	M
	
	ENUMERATED (hfquarter, hfhalf, hf1, …)
	TeDRX,RAN defined in TS 38.304 [24]. Unit: [number of hyperframes].



Since Rel-18 shall support INACTIVE eDRX cycle longer than 10.24s, there are two options to support long inactive edrx over XnAP and F1AP. One option is to extend existing  "NR Paging eDRX Information for RRC INACTIVE" IE to support cycle longer than 10.24; another option is to introduce new "NR Paging long eDRX Information for RRC INACTIVE", but refer to the existing "NR Paging eDRX Information" IE definition for RRC IDLE(long edrx cycle is already supported in idle). The second option seems simpler.
Propsoal 2: RAN3 discusses the following options on encoding long inactive eDRX for RAN paging over XnAP and F1AP: 
· Option 1 is to extend existing "NR Paging eDRX Information for RRC INACTIVE" IE to support cycle longer than 10.24; 
· Option 2 is to introduce new "NR Paging long eDRX Information for RRC INACTIVE"

But refer to the existing "NR Paging eDRX Information" IE definition for RRC IDLE. The provided related CRs to XnAP and F1AP are based on the Option 2.   

2.2. UE changed into RRC_inactive with CN based MT communication handling
According the incoming LS, the gNB sends an indication to the CN to handle MT communication while the UE is in RRC_INACTIVE state and provides unreachability information.
Based on the SA2 agreed CR S2-2209675, as below, in the step 2 and step 6 in the step 0 in section 4.8.1.1a Connection Inactive procedure with CN based MT communication handling, it seems that NG-RAN shall initiate a class 1 procedure.
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.
3.	For each of the PDU sessions with user plane resources have been activated, the AMF invokes Nsmf_PDUSession_UpdateSMContext Request (PDU Session ID, Cause, Operation type, User Location Information, Age of Location Information, N2 SM Information (Secondary RAT usage data)) towards SMF. The Operation Type is set to a value that indicates to stop user plane DL data transmissions towards the UE and enable data buffering. The SMF starts data buffering for MT data if the data buffering is handled in SMF.
Editor’s note:	Whether an existing Operation Type is used, e.g. "UP Suspend", or another value is used needs coordination with CT WG.
4.	If data buffering is handled in the UPF, the SMF updates the UPF with proper rules for MT data handling.
5.	The SMF sends the Nsmf_PDUSession_UpdateSMContext response.
6.	The AMF sends N2 response to NG-RAN acknowleding the indication and the AMF considers the UE is in CM-CONNECTED with RRC_INACTIVE state.
In current NGAP, the NG-RAN can notify the AMF when the UE enters RRC inactive state by reusing the RRC INACTIVE TRANSITION REPORT message (seen below). In general, we can extend the message to include the long eDRX cycle value for RRC_INACTIVE to AMF. However, it is a class 2 procedure, therefore, we are not sure whether CN can successfully configure buffering the MT data and signaling.


Figure 8.3.5.2-1: RRC Inactive transition report
We note that UE context suspend procedure is used for the inactive state transition over E1 interface, seen below. After determines to change UE to RRC inactive state, the gNB-CU-CP sends BEARER CONTEXT MODIFICATION REQUEST message with suspend indication to gNB-CU-UP, and gNB-CU-UP should response.


Figure 8.9.6.1-1: RRC Connected to RRC Inactive state transition. 

We think the same logic can be applied to the NG interface for UE entering inactive state .We suggest to enhance the existing NGAP class 1 procedure: UE Context Suspend procedure to indicate AMF the UE is transitioning to RRC_INACTIVE state, and provides the long eDRX cycle value for RRC_INACTIVE to AMF. 


Figure1: UE Context Suspend: Successful operation.
Proposal 3: Add a new IE in existing NGAP: UE CONTEXT SUSPEND REQUEST message, to indicate that UE enters into RRC inactive state and is configured with long eDRX Information for RRC INACTIVE.
2.3. UE moving into RRC connected with CN based MT communication handling
If the NG-RAN 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.
Based on the SA2 agreed CR S2-2209675, as below, in the step 3b.1 and step 3b.5 in section 4.8.2.2 UE Triggered Connection Resume in RRC Inactive procedure, it seems that NG-RAN shall initiate a class 1 procedure. After receiving RRC State transition Indication, the CN is aware that UE is changed into RRC connected state.
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.
In section 2.2 as above, we suggest to enhance the existing NGAP class 1 procedure: UE Context Suspend procedure to indicate AMF the UE is transitioning to RRC_INACTIVE state. After the UE reenters RRC connect state, it is nature to notify CN to resume UE context. We suggest to enhance the existing NGAP: UE Context Resume procedure to indicate AMF the UE is transitioning to RRC_INACTIVE state.


Figure 2: UE Context Resume procedure. Successful operation
UE context resume procedure is using for the RRC connected state transition over E1 interface, seen below.After determines to change UE to RRC connected state, the gNB-CU-CP sends BEARER CONTEXT MODIFICATION REQUEST message with resume indication to gNB-CU-UP, and gNB-CU-UP should response.


Figure 8.9.6.2-1: RRC Inactive to RRC Connected state transition.
Therefore, we prefer to use UE context supend/resume procedure on the NG interface to notify the AMF that the UE enters the inactivet/connected state, which can be aligned with the E1 interface.
Proposal 4: Add a new IE in existing NGAP: UE CONTEXT RESUME REQUEST message, to indicate that the UE is changed into RRC connected state.
2.4. CN Triggered RAN Paging with CN based MT communication handling
When the UE is in CM-CONNECTED with RRC_INACTIVE state with CN based mobile terminating (MT) communication handling, the NG-RAN (i.e. gNB) performs RAN paging towards the UE based on the N2 message from the AMF in order to trigger the UE triggered Connection Resume procedure.
Based on the SA2 agreed CR S2-2209675, as below, in the step 1 in section 4.8.2.2b Network Triggered Connection Resume in RRC Inactive with CN based MT communication handling, it seems that NG-RAN shall initiate a CN paging procedure.
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.
According to the SA2 agreement, the above N2 message is to let NR-RAN generate RAN paging, to the UE configugred with long eDRX for RRC_INACATIVE. 
There are two options to define the N2 message.
· Option 1: Enhance the existing NGAP paging procedure (CN paging) to trigger RAN paging with CN based MT communication handling.
· Option 2: Introduce a new NGAP notification procedure to trigger RAN paging with CN based MT communication handling.
Option 1 has some drawback. Some mandatory IEs (e.g., UE Paging Identity, TAI List for Paging) within the existing CN Paging message are useless. Meanwhile, in current RAN3 specs, the term" CN-initiated paging" means paging for RRC IDLE UE. if the use of CN Paging procedure is extended to RRC_inactive UE, Then there is some confusion as to whether ran paging is initiated by CN. It is not easy to rephrase "CN-initiated paging" in some RAN3 state2 specs, e.g., TS38.300, seen below as example:
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging. While in RRC_INACTIVE with no ongoing SDT procedure (see clause 18.0) the UE monitors paging channels for RAN-initiated paging and CN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:
1) For CN-initiated paging, a default cycle is broadcast in system information;
2) For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;
3) For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;
- The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.

Option 2 is easy and is straightforward, because the N2 message is used for NG-RAN to generate RAN paging. Considering E1 RAN paging trigger procedure, i.e, The gNB-CU-UP receives DL data when UE is in RRC inactive stage, the gNB-CU-UP sends DL DATA NOTIFICATION message to the gNB-CU-CP, then the gNB-CU-CP triggers the RAN paging, we think similar new DL MT DATA NOTIFICATION message can be used for option2 to infrom NG-RAN trigger RAN paging. 
Proposal 5: RAN3 decides either enhance the existing NGAP CN paging procedure or introduce a new NGAP notification procedure to trigger RAN paging with CN based MT communication handling.
3. Conclusion
Based on the above analysis, we provide the following proposals.
Proposal 1: Add a new IE in the “Core Network Assistance Information for RRC INACTIVE” IE, to indicate CN capability of MT communication handling with long eDRX for RRC_INACATIVE.
Propsoal 2: RAN3 discusses the following options on encoding long inactive eDRX for RAN paging over XnAP and F1AP: 
· Option 1 is to extend existing "NR Paging eDRX Information for RRC INACTIVE" IE to support cycle longer than 10.24; 
· Option 2 is to introduce new "NR Paging long eDRX Information for RRC INACTIVE"
Proposal 3: Add a new IE in existing NGAP: UE CONTEXT SUSPEND REQUEST message, to indicate that UE enters into RRC inactive state and is configured with long eDRX Information for RRC INACTIVE.
Proposal 4: Add a new IE in existing NGAP: UE CONTEXT RESUME REQUEST message, to indicate that the UE is changed into RRC connected state.
Proposal 5: RAN3 decides either enhance the existing NGAP CN paging procedure or introduce a new NGAP notification procedure to trigger RAN paging with CN based MT communication handling.
[bookmark: _GoBack]If the above proposals are agreed, the related CRs to NGAP (R3-226241), XnAP (R3-226242) and F1AP (R3-226243) shall be agreed, and the reply LS (R3-226256) can be sent to SA2 and RAN2.
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