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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In RAN#98-e, the WID on Enhanced support of reduced capability NR devices [1] was agreed. As part of the objective, the following power saving enhancements have been considered. 
	4.1	Objective of Core part WI
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
…



In this contribution, we consider recent progress on enhanced INACTIVE eDRX in SA2/RAN2 and provide the potential impact analysis on RAN3.
2. Discussion
2.1. UE_ID_H for INACTIVE eDRX
As agreed in RAN2#121 meeting, the formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s. Based on the TS 38.304 specification, if the UE operates in eDRX, 13 bits UE_ID_H is used for PH/PTW calculation. The UE_ID_H is 13 most significant bits of the Hashed ID, and Hashed_ID is Frame Check Sequence (FCS) for the bits b31, b30…, b0 of 5G-S-TMSI. 
However in current TS 38.413 specification, only (extended) UE Identity Index Value IE is included in Core Network Assistance Information for RRC INACTIVE IE for PF/PO calculation. Since including 5G-S-TMSI or part of 5G-S-TMSI in Core Network Assistance Information for RRC INACTIVE IE may introduce some security issue, it is better to include the UE_ID_H in Core Network Assistance Information for RRC INACTIVE IE.
Include the UE_ID_H in Core Network Assistance Information for RRC INACTIVE IE for PH/PTW calculation.

2.2. Capability indication on MT communication handling
According to the current TR23.502 v18.0.0 below, when a UE is configured with enhanced INACTIVE eDRX cycle (above 10.24s), the Connection Inactive procedure with CN based MT communication handling may be initiated by the serving NG-RAN node.
	[bookmark: _Toc122443213]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.



It is described that the AMF  includes the support indication of the CT based MT communication handling. One possible way is to add this support indication in Initial Context Setup Request message. However, such capability should be non-UE associated capability and may be a relatively static for the AMF. So we propose to leave it to network implementation (via OAM).
The NG-RAN is aware of the AMF support for CN based MT communication handling via OAM.
2.3. Notification on RRC_INACTIVE with eDRX > 10.24s
During NG-RAN initiated Connection Inactive procedure with CN based MT communication handling, the NG-RAN sends N2 message to AMF indicating the UE is transitioning to RRC_INACTIVE with long eDRX state and the CN handles MT communication. Furthermore, it was agreed in RAN3#118 to select class1 procedure for above N2 message transmission.
	Class1 procedure is used to report to AMF when UE enters RRC_INACTIVE with eDRX > 10.24s.


Since the existing N2 message in class 1 procedure cannot fulfill above intention, a new N2 message for the indication, as well as associated confirm message should be defined. For the new NG-RAN initiated Connection Inactive procedure, the request N2 message may contain the following potential information:
· eDRX cycle value for RRC_INACTIVE
· PTW length for RRC_INACTIVE
· Indication on UE transitioning to RRC_INACTIVE state (INACTIVE eDRX cycle above 10.24s)
· UE paging ID, i.e., I-RNTI
· Others like AMF UE NGAP ID/RAN UE NGAP ID
In our opinion, the eDRX cycle value for RRC_INACTIVE is essential, which has been captured in TR23.502 Section 4.8.1.1a. Based on the INACTIVE eDRX cycle, the AMF is aware when the UE is reachable.  
While about the PTW length for RRC inactive, currently only a loose H-SFN synchronization is maintained between AMF and NG-RAN, e.g., AMF only determines in which HF, the UE will wake up for monitoring paging. Hence the PTW length for RRC_INACTIVE is not very necessary. 
About the UE state transitioning indication, this is not needed, since according to the value of the INACTIVE eDRX cycle, the AMF may also be aware that the UE is transitioning to RRC_INACTIVE state and requests to the CN for MT communication handling.
About the UE ID, due to the fact the class 1 procedure is UE-associated signaling, the AMF UE NGAP ID/RAN UE NGAP ID is sufficient to identify the UE association over the NG interface within the AMF/NG-RAN node. In this case, the UE paging ID is not be needed for later AMF triggered RAN paging. After reception of the RAN UE NGAP ID, the NG-RAN could identify the UE uniquely and obtain the allocated I-RNTI to perform RAN paging. 
The associated response message may contain the acknowledgements on MT communication handling in AMF and data buffering in SMF/UPF, which needs more information from SA2.
In the new CN based MT communication request message, at least the eDRX cycle is included. And the AMF contains the acknowledgements on MT communication handling in the CN based MT communication request message.

2.4. AMF triggered RAN paging
According to the SA2 agreements below, when the AMF considers the UE is reachable, the AMF sends an N2 message to NG-RAN with the request for the UE to be transitioned to RRC_CONNECTED, i.e., the N2 message shall trigger the RAN paging. 
	[bookmark: _Toc122443219]4.8.2.2b	Network Triggered Connection Resume in RRC Inactive 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, high latency communication as described in clause 5.31.8 of TS 23.501 [2] is applied.
This procedure may be triggered by MT data, or a N1 procedure from SMF and UPF as shown in Figure 4.8.2.2b-1. When the procedure is triggered by other NFs (e.g. SMSF, LMF, GMLC), the UPF (or SMF) in the following figure should be replaced by the respective NF (the corresponding service operations used by other NFs when they communicate with AMF may also be different from the service operations used by SMF/UPF).
During the procedure, 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 in clause 4.8.2.2.


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 WGs.



RAN3 can discuss whether the N2 message could be a new message or an existing message. One possible way is to reuse existing NGAP Paging message with new enhanced information. However, the existing NGAP Paging message is non-UE associated signaling to page a CM-IDLE UE in a specific NG-RAN node. For inactive UE configured with enhanced eDRX, UE context is stored in the anchor gNB, and CN considers the UE is CM-connected state, which means the UE-associated message should be used. Besides, the NGAP Paging message contains mandatory TAI List for Paging IE mandatory but not applicable in this scenario..
In addition, the incoming LS from SA2 clearly mentions the contents of the new UE-associated N2 message in [2]. With the above reasons, a new UE-associated class 2 message as AMF triggered RAN paging.
	1	Overall description
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: 
-	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).  
CT4 has agreed the attached 29.518 CR.



According to the contents of the LS, and the fact that the NG-RAN may enforce specific paging policies based on 5QI, ARP and PPI associated with an incoming DL PDU in legacy RAN paging,  in case of enhanced INACTIVE eDRX, above information shall also be provided via the new UE-associated N2 message to enable similar NG-RAN paging. In this way, the NG-RAN could determine specific paging policies and the Paging Priority.. 
A new UE-associated N2 message is introduced for AMF triggered RAN paging, which may include the PPI, the ARP and the 5QI of the QoS flow of the PDU session for which DL packets are received, together with the PDU session identifier
2.5. Indication on UE becoming connected
When a UE completes the transition from RRC_INACTIVE state with CN based MT communication handling to RRC_CONNECTED state, the NG-RAN shall send an N2 Notification to the AMF indicating the UE is in RRC_CONNECTED. The AMF considers the UE as CM CONNECTED and the MT communication handling shall be cancelled as well as the data buffering in SMF/UPF. 
	[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
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.



To inform AMF above information, reusing RRC INACTIVE TRANSITION REPORT message in the NGAP class 2 procedure is sufficient, and the procedure is already supported. And we see no need to have a new class 1 procedure in this case.
Reusing RRC INACTIVE TRANSITION REPORT in the NGAP class 2 procedure to indicate AMF that the UE is in RRC_CONNECTED. 
2.6. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]INACTIVE eDRX above 10.24s and SDT
Recently, RAN3 received an LS [1] from RAN2, which is about the INACTIVE eDRX above 10.24s and SDT. 
	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).



Enhanced INACTIVE eDRX and MT SDT:
In case of enhanced INACTIVE eDRX, when there is downlink data arrived in SMF/UPF, the SMF/UPF is requested to perform buffering and checks with AMF for the possibility of data delivery. Note that, when CN performs HLcom and data buffering, it buffers the DL data, but will reject any DL signalling request (NAS signalling). If the AMF considers the UE configured with enhanced INACTIVE eDRX is reachable, the AMF sends an N2 message to NG-RAN to trigger RAN paging. The detail of the N2 message will be discussed by RAN3 in R18 RedCap WI. This is different with legacy RAN paging, wherein it is downlink data or NAS signalling sent to NG-RAN that triggers the RAN paging.
There comes some issues to be addressed in case of MT SDT. Taking the downlink data as an example, since the NG-RAN determines the mapping between the QoS flow and data radio bearer (DRB), the NG-RAN is aware of whether the QoS flow containing the downlink data is associated with DRB configured for SDT. However, in case of enhanced INACTIVE eDRX, there is no downlink data arrival until the UE is RRC_CONNECTED. Thus, to enable the NG-RAN to determine whether the QoS flow containing the downlink data is associated with DRB configured for SDT, the N2 message trigger RAN paging shall include QoS flow ID (QFI) and PDU session information. With the QFI and PDU session ID, if NG-RAN determines the buffered DL data are all related to SDT, the MT-SDT can be initiated within the PTW where UE remains in RRC_INACTIVE state. Otherwise, if NG-RAN determines the buffered DL data includes non-SDT data, NG-RAN will resume UE to RRC_CONNECTED directly. 
In case of enhanced INACTIVE eDRX and MT SDT, the N2 message from AMF to trigger RAN paging includes QoS flow ID and PDU session ID information.
Enhanced INACTIVE eDRX and MO SDT:
As a response to the RAN paging with MT SDT indication, or in case of MO SDT, the UE may resume and perform RA-SDT or CG-SDT. Here we take the scenario wherein enhanced INACTIVE eDRX is with RA-SDT as an example, and the scenario with CG-SDT is similar to that with RA-SDT in aspect of impacts on NG-RAN and CN interaction.
In SDT procedure over RACH, the receiving gNB would identify that the UE request is for an SDT after reception of RRCResumeRequest as well as UL SDT data and/or UL SDT signalling from UE. The receiving gNB shall indicate the UE request is for an SDT together with some SDT assistance information in the RETRIEVE UE CONTEXT REQUEST message to last serving gNB. Based on the provided information, the last serving gNB makes a decision on whether relocate the UE context or not.
If the last serving gNB decides not to relocate the full UE context, the UL SDT data is then delivered from the receiving gNB to the UPF via the last serving gNB. Subsequent UL/DL SDT data and/or signalling are transferred in the same path, i.e., UE - receiving gNB - last serving gNB – UPF/AMF.
If the last serving gNB decides to relocate UE context, the UL SDT data is delivered from the receiving gNB to the UPF. After the Path Switch procedure, subsequent UL/DL SDT data and/or signalling are transferred between UE and UPF/AMF via the receiving gNB. 
However, when the UE is configured with enhanced INACTIVE eDRX, the AMF is requested for MT communication handling and SMF/UPF(s) performs data buffering for MT data. It implies that any DL SDT data and/or signalling shall be suspended. However, this makes no sense in case of RA-SDT where the UE is available for SDT data transmission in RRC_INACTIVE state. We propose reusing the existing N2 message from NG-RAN to the AMF in Section 4.8.2.2 in TS 23.502, which is RRC Inactive Transition Report Request message, to indicate the UE availability. After receiving the message, the AMF suspends the MT communication handling and sends downlink NAS messages, if there is any, until the SDT transmission is completed. Also, the SMF/UPF(s) shall suspend data buffering for MT data and trigger downlink data delivery, if there is any, until the SDT transmission is completed. Similar to the case of MO-SDT, CN needs to transmit buffered DL data to NG-RAN. If the buffered DL data includes non-SDT data, NG-RAN will resume UE to RRC_CONNECTED directly.
Once the SDT transmission is completed, we propose send the same N2 message which tells AMF UE is transitioning to RRC_INACTIVE with long edrx, to start CN buffer again.
In case of enhanced INACTIVE eDRX, NG-RAN sends indication to CN for suspension of MT communication handling and MT data buffering during SDT procedure.
When SDT transmission is complete, send N2 message to CN to start CN buffering again.

A draft LS out has been attached.

3. Conclusion
Based on the discussion in this paper, we propose the following:
1. Include the UE_ID_H in Core Network Assistance Information for RRC INACTIVE IE for PH/PTW calculation.
The NG-RAN is aware of the AMF support for CN based MT communication handling via OAM.
In the new CN based MT communication request message, at least the eDRX cycle is included. And the AMF contains the acknowledgements on MT communication handling in the CN based MT communication request message.
A new UE-associated N2 message is introduced for AMF triggered RAN paging, which may include the PPI, the ARP and the 5QI of the QoS flow of the PDU session for which DL packets are received, together with the PDU session identifier
Reusing RRC INACTIVE TRANSITION REPORT in the NGAP class 2 procedure to indicate AMF that the UE is in RRC_CONNECTED. 
In case of enhanced INACTIVE eDRX and MT SDT, the N2 message from AMF to trigger RAN paging includes QoS flow ID and PDU session ID information.
In case of enhanced INACTIVE eDRX, NG-RAN sends indication to CN for suspension of MT communication handling and MT data buffering during SDT procedure.
When SDT transmission is complete, send N2 message to CN to start CN buffering again.
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Source:	RAN3
To:	RAN2, SA2, CT1
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Contact person:	Jingcong Sun
	Sunjingcong@huawei.com
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None

1	Overall description
RAN3 thanks RAN2 for the LS in R2-2302082. RAN3 has further discussed this topic based on RAN2’s LS. In order to support configuring extended DRX (eDRX) beyond 10.24 sec in RRC_INACTIVE together with SDT features, RAN3 thinks the following should be supported:
1. For initiating SDT in case of enhanced INACTIVE edrx, NG-RAN sends indication to CN for suspension of MT communication handling and MT data buffering during SDT procedure
2. In case of enhanced INACTIVE eDRX and MT SDT, the N2 message which triggers RAN paging from AMF includes at least the QoS flow ID and PDU session ID information. FFS other information.
3. When SDT transmission is complete, send an N2 message to CN to start CN buffering again. FFS which N2 message to use.
RAN3 will continue work on this topic and feedback any further progress.

2	Actions
To RAN2: 
ACTION: 	RAN3 kindly asks RAN2, SA2 and CT1 to take the above into account and provide feedback if necessary.
3	Dates of next RAN3 meetings
RAN3#120                                                                             2023-05-22 – 2023-05-26     Incheon, Korea
RAN3#121                                                                          2023-08-21 – 2023-08-25     Toulouse, France
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