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Abstract of the contribution: This contribution evaluates how to support eDRX > 10.24s for RRC inactive, and proposes a new solution..
1. Background
This contribution evaluates how to support eDRX > 10.24s for RRC inactive, and proposes a new solution. 
2. Evaluation of current CM-CONNECTED with RRC inactive state and eDRX>10.24s.
2.1	Issues of CM-CONNECTED RRC inactive coexistence with power saving solutions / HLCom
Issue 1: Impact to NAS retransmission timers in AMF
[bookmark: _Hlk513782067]Regularly, when the UE is in CM-CONNECTED state, and a network initiated NAS procedure is performed, the AMF starts the NAS retransmission timer immediately and sends the DL NAS packet over N2 to the serving RAN node.  However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the NAS retransmission timer would expire many times before the NAS message is delivered to UE making the NAS procedure fail. 
One potential work-around is increasing the NAS retransmission timer to very long times comparable to the extended DRX cycle, but that has negative consequences, as the AMF would be very slow to react to an actual NAS delivery loss at the RAN. 
Another solution is to not start the NAS timer when the AMF has received an N2 notification that the UE may be unreachable, and instead asking the RAN node when the UE becomes reachable before starting the NAS procedure. Note that this is mimicking the AMF behaviour in CM-IDLE and has impacts in AMF, N2 signalling and RAN. 
	[bookmark: _Hlk513782384]Observation 1: 
CM-CONNECTED with RRC inactive and power saving, adds a lot of impact to mimic CM-IDLE mode behaviour to handle NAS retransmission timers.
The proper handling of NAS retransmission timers in case of UE CM-IDLE and unreachable adds no impacts, as NAS timers are not started in the AMF until the UE moves to CM-CONNECTED.



Issue 2:	Handling of MT SMS
Regularly, if the UE is in CM-CONNECTED the AMF forwards the MT SMS payload received from the SMSF. Note that SMS infrastructure has its own retransmission timers, once the SMS is sent out. However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the retransmissions timers in SMS infrastructure would expire many times before the AMF can deliver the MT SMS payload. 
Again, the AMF, based on N2 notification from RAN node that the UE may be unreachable, would have to have an “unreachable” flag in CM-CONNECTED and notify the SMSF. Based on SMSF request, the AMF would have to request the RAN node to bring the UE out of RRC inactive to RRC connected, and when the RAN notifies the AMF that the UE is in RRC connected, notify that the UE is now reachable. Again the AMF would be mimicking the behaviour in CM-IDLE, adding more impacts to AMF behaviour in CM-CONNECTED. 
	Observation 2: 
CM-CONNECTED with RRC inactive and power saving adds impact to AMF to mimic CM-IDLE mode behaviour to handle MT SMS.
The proper handling of MT SMS in case of UE CM-IDLE and unreachable adds no impacts.



[bookmark: _Hlk513783495]Issue 3:	SMF/UPF impacts for MT data in case of store & forward functionality
Regularly, if the UE is in CM-CONNECTED state, N3 reference point is active, and MT data arrives, the UPF forwards the data over the N3 tunnel without any need to consult or request anything from the SMF. 
However, in the case CM-CONNECTED with RRC inactive, the UE is using extended DRX, and store & forward functionality is performed in the UPF, the RAN needs to notify the AMF that the UE may be unreachable, the AMF notify the SMF, and the SMF notify the UPF. 
Note that in this case, essentially the UPF is moving the N3 state to inactive, which is basically mimicking the UPF behaviour in CM-IDLE. Also, SMF extended buffering and UPF extended buffering would be needed, which is currently supported for CM-IDLE only.
Again, the UPF behaviour of having N3 inactive and requesting the SMF to active N3 comes for free in case of CM-IDLE. The only impact is the addition of store and forward functionality which is common to any solution.   
	[bookmark: _Hlk513783866]Observation 3: 
All solutions share the common impact of adding store and forward functionality in the UPF for long periods of time based on UE being unreachable.
CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact to UPF to mimic CM-IDLE mode behaviour to treat N3 as inactive, start a “downlink data notification” towards SMF and wait for the SMF to notify the UPF that the UE is back to reachable to have N3 active.
The UPF behaviour towards the SMF adds no impacts (beyond S&F which is common to all solutions) in case of CM-IDLE.



Issue 4:	Control plane (AMF/SMF) impacts for MT data in case of store & forward functionality in UPF
Similar to issue 3, the control plane hanlding of MT data in case of UE being unreachable and in CM-CONNECTED adds quite some impact.
In the AMF, the AMF needs to notify the SMF that the UE is unreachable; then upon request from SMF of “downlink data notification”, the AMF needs to ask RAN to bring the UE to RRC-CONNECTED and then notify the SMF when the UE is in RRC CONNECTED. This is very similar behaviour to AMF behaviour in CM IDLE.
The SMF basically needs to mimic the downlink data notification procedure which currently applies for UEs in CM-IDLE, but with the UE being in CM-CONNECTED.
Note that in idle mode, only impact is the common impact to all solution to decide extended buffering applies and notify UPF. 
	Observation 4: 
All solutions share the common impact of deciding in control plane function that extended buffering applies and notifying the UPF.
CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact of mimicking downlink data notification procedure while UE is in CM-CONNECTED.
Downlink data notification is an existing procedure in CM-IDLE, so no added impacts.



	Conclusion 1: CM-CONNECTED with RRC inactive coexistence with power saving, forces all core network functions, i.e. AMF, SMF and UPF to replicate multiple functionalities that already exist for CM-IDLE. Forcing the handling of UE being unreachable for CM-CONNECTED adds a lot of unnecessary impacts in the CN.
CM-IDLE is the natural state to use when the UE is unreachable for long periods of times.



2.2	Proposed solution: CM-IDLE with RRC-Inactive
Given Conclusion 1, it is proposed to enable CM-IDLE with RRC inactive state for the case of eDRX with cycles longer than 10.24 seconds. 
The main characteristics of such solution are:
-	When the NG-RAN decides to send the UE to RRC-inactive with eDRX cycle longer than 10.24 seconds, the NG-RAN initiates:
-	N2 suspend procedure towards AMF indicating suspension is for RRC inactive with eDRX. To not increase complexity, it is proposed that the eDRX configuration in CM-IDLE with RRC inactive is the same as CM-IDLE with RRC idle.
- 	RRC release with inactive indication and eDRX configuration towards the UE 
- 	Both UE and AMF enter CM-IDLE with RRC inactive.
- 	All currently defined 5GC features related to UE being unreachable for CM-ILDE with eDRX apply (e.g. extended buffering, UE reachability/unreachability) with only one difference:
-	N2 resume procedure is used to resume N2/RRC. 

3. Proposal Text in TR 23.700-68

******************************* FIRST CHANGE (All new text) *************************************
6.X:	RRC Inactive with CM-IDLE for eDRX>10.24s
6.X.1	Description
This solution proposes, for the case of RRC Inactive and eDRX>10.24s, to combine:
-	On the RAN/RRC side, maintain RRC-Inactive state for fast resume procedure. 
-	On the CN/NAS side, use CM IDLE which implicitly already supports proper handling of high latency communications (HLCom) when the UE is unreachable for an extended period of time. 
Currently, this CM and RRC state pair has not been defined, therefore this solution proposes how to support it with as minimal impact as possible compared to existing Rel-17 solutions.
The UE and AMF negotiate support of CM-IDLE with RRC inactive and idle mode extended DRX during registration procedure. The AMF provides indication of support of CM-IDLE with RRC Inactive along with the existing extended DRX information in the "RRC Inactive Assistance Information" (see TS 23.501 clause 5.3.3.25). 
Editor’s note: Whether eDRX cycle and PTW values for RRC inactive and for RRC idle are the same or can be different, and how this affects the detailed content of UE/NW negotiation of parameters for eDRX in RRC inactive, is FFS
When the UE is moved to CM-IDLE with RRC-Inactive, the NG-RAN initiates N2 suspend procedure towards the 5GC. When the UE moves back to RRC-Connected, the NG-RAN initiates N2 resume procedure.
When the UE is in CM-IDLE with RRC Inactive, all currently defined 5GC features related to UE being unreachable for CM-ILDE with extended DRX apply with the following addition:
-	The AMF may send N2 paging message only towards the NG-RAN node where N2 suspension occurred with indication of paging in RRC Inactive with CM_IDLE, and the NG-RAN node performs RAN paging in the RAN notification area. 
-	The AMF may e.g. if initial attempt(s) to reach UE using RAN paging fail, try regular CN paging, i.e. send N2 paging message without indication of RRC Inactive with CM-IDLE. In this case the RAN performs regular CN paging.  
From UE perspective, when the UE enters RRC-Inactive with CM-IDLE, the behaviour is the same as for RRC-Inactive with CM-CONNECTED, i.e:
-	If the UE receives RAN paging, it attempts RRC resume procedure. 
-	If RRC resume fails the UE falls back to CM-IDLE with RRC Idle and initiates RRC connection establishment request.
-	If the UE receives CN paging, it moves to CM-IDLE with RRC Idle and initiates RRC connection establishment request.
-	If the UE steps outside RAN notification area, the UE initiates RAN Notification Area Update.
-	The UE performs periodic RAN notification Area Update.
-	The UE performs periodic registration update.  

6.X.2 Procedures
6.X.2.1	N2 suspend for UE entering RRC inactive with eDRX>10.24s


Figure 6.X.2.1-1: N2 Suspend for RRC Inactive / CM-IDLE
0. 	Based on the information received from the AMF, the NG-RAN node may decide to move the UE to CM-IDLE with RRC inactive if the NG-RAN intends to configure the UE with extended DRX longer than 10.24 seconds. 
1.	The NG-RAN shall initiate N2 suspend procedure as defined in clause 4.8.1 of TS 23.502 [X] with the addition of: NG-RAN provides RRC Inactive with CM-IDLE indication and provides RRC inactive eDRX cycle length and PTW. The AMF shall enter CM-IDLE with RRC inactive state. 
2.	The NG-RAN initiates RRC release with suspend indication towards the UE with eDRX>10.24s and RRC Inactive with CM-IDLE indication. The UE and the NG-RAN enters CM-IDLE with RRC inactive. 
6.X.2.2	UE paging and resume
When the UE is in CM-IDLE with RRC Inactive, all mobile terminated data handling, high latency communication, and network initiated procedures follow the procedures defined in TS 23.502 [X] when the UE is in CM-IDLE except for UE paging and connection resume. 


Figure 6.X.2.2-1: UE paging and resume procedure
1.	There is a trigger to page the UE, e.g. due to mobile terminated data, steps 1-3 of Network Triggered Service Request (TE 23.502 [X], clause 4.2.3.3). The AMF determines the start of PTW as provided by NG-RAN, and sends N2 paging message only towards the NG-RAN node where N2 suspension occurred with indication of paging in RRC Inactive with CM_IDLE.
2.	The NG-RAN initiates RAN paging in the RAN notification area. 
3.	When the UE receives RAN paging, it initiates RRC resume procedure from RRC inactive. 
4	The NG-RAN proceeds with Steps 2-4 of clause 4.8.2 of TS 23.502 [X].
(Optional) Fallback to CN paging
5.	If e.g. AMF initiated RAN paging fails, or e.g. due to paging retransmission strategy, the AMF may initiate CN paging. 
6.	If the UE receives CN paging, the UE moves to RRC idle/CM idle and initiates service request procedure.

6.X.3 Impacts on services, entities and interfaces
UE: 
-	Support of RRC inactive with CM-IDLE.
RAN:
-	Extend N2 Suspend and N2 Resume procedures to CM-IDLE with RRC inactive with eDRX cycle and PTW indication.
-    Extend the RRC Release message to release the UE to RRC-Inactive with CM-Idle.
-	Support AMF triggered RAN paging.
AMF:
-	Support of RRC inactive with CM-IDLE.
-	Support of N2 paging with RRC inactive indication to trigger RAN paging.
-	Extend the RRC-Inactive assistance information with the support for RRC-Inactive with CM-idle indication.
-	Extend N2 suspend and N2 resume procedure to enter CM-IDLE with RRC inactive and CM-CONNECTED respectively. 
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