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Discussion
[bookmark: _Toc476030922][bookmark: _Toc470196727]Key issue 1 motivates the need for infrequent small data solution, which main goals are (among others):
“
· Resource efficient system signalling load (especially over the Radio interface).
· Equivalent or reduced level of power consumption for UEs used for CIoT in 5GS system as in EPS.”
·  (NOTE: Implying potential coexistence with Key issue 4)
As already studied for EPC in e.g. TR 23.887 (Rel-12) and later as part of Cellular IoT (Rel-13), there are (at least so far) two main categories of solutions that have been considered in 3GPP:
1. Core Network oriented – e.g.  Control Plane optimization, connectionless (23.887)
2. RAN oriented – e.g. User Plane optimization
This document proposes a solution for the RAN oriented approach. RAN oriented approaches rely on the RAN keeping the UE context for fast resumption of connection, while moving the UE to a state that does not require measurement reports and mobility procedures at every cell change.
So far in 5G System, there is already a state that keeps the UE context in RAN: CM connected with RRC inactive. 
However, CM connected with RRC inactive state is not well suited for some IoT scenarios, particularly given the requirements listed above. 
1. Issues with coexistence with power saving solutions to achieve at least same power efficiency as EPC:
a. As captured in Key issue 4, there are two tracks of solutions:
i. For a NAS based solution, these solutions (PSM like, or MICO) only work with the UE is CM idle, so a state that keeps the UE in CM Connected mode would not coexist with such solutions.
ii. For an extended DRX solution, the most suitable state to achieve power saving without heavy system impacts is CM idle. As concluded in Rel-13 in TR 23.770, and extended DRX solution with CM connected state brings several issues in terms of NAS retransmission timers, and data/messaging services requiring store and forward capability. For instance, coexistence with HLCom solutions, where store and forward capability occurs in the core network, would not work, as CM connected with RRC inactive state would require the RAN to perform the long store and forward functionality (or send the packet back to CN for storage). This is the main reason why it was concluded to only extend DRX in connected mode to 10.24 seconds. (There are also significant RAN impacts)
2. Issues with potential increased signalling when exiting the RAN Notification area. 
a. CM connected with RRC inactive requires full Xn connectivity to be efficient, which is still efficient for frequent data, i.e. smartphones, but can potentially increase signalling due to RAN notification updates for mobile IoT devices with infrequent data.
Therefore, a more suitable RAN oriented solution is a solution that keeps the UE context in the RAN but moves the UE to CM idle, which is called CM idle with RRC inactive state in this document. This solution is equivalent to User Plane optimization for EPC.  
CM IDLE with RRC inactive state has the following benefits compared to CM CONNECTED with RRC idle-inactive state:
1. Much better coexistence with Power Saving solutions, as high levels of power saving are achieved by the UE being unreachable. UE being unreachable is much better handled in CM IDLE state. For instance, MICO or a PSM-like solution only achieves power savings if the UE is kept in CM idle. It also coexists with extended idle mode DRX which also needs the UE to be in CM idle mode. 
2. Much better coexistence with HLcom, when the UE is in CM idle, data is naturally stored in the Core Network.  

***** First Change *****
[bookmark: _Toc500949096]
6.X	Solution #X: CM-IDLE with RRC idle-inactive state
[bookmark: _Toc508784254]6.X.1	Introduction
This solution applies to Key issue 1. It introduces a new state for keeping the UE context in the RAN for fast resumption of RRC/CM connection. 
Editor's note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _Toc508784255]6.X.2	Functional Description
The CM-IDLE with RRC idle-inactive mode functionality applies to E-UTRA connected to 5GC and enables support for transfer of user plane data without the need for using the Service Request procedure to establish Access Stratum (AS) context in the serving RAN node and UE.
As a precondition the UE needs to perform an initial connection establishment that establishes the AS user plane resources (comprising DRB and N3/NG-U resources) and the AS security context in the network and the UE. The RRC connection is suspended by means of a Connection Suspend Procedure. At any subsequent transaction trigger from the NAS layer when UE is in CM-IDLE, the UE shall attempt the Connection Resume procedure. If the Connection Resume procedure fails, the UE initiates the Service Request procedure or any pending NAS procedure. 
To maintain support for CM-IDLE with RRC idle-inactive mode at UE mobility between cells configured on different RAN nodes, the AS Context should be transferred between the RAN nodes having Xn connectivity.
Editor’s note: Transfer of AS Context between RAN nodes in the absence of Xn connectivity is FFS. 
By using the Connection Suspend procedure
-	the UE at transition into NAS CM-IDLE stores the AS information;
-	the RAN node stores the AS information, the N2 association and the bearer context for that UE;
-	AMF stores the N2 association for that UE and enters CM-IDLE but the N3 resources are released.
In the context of this functionality, the UE and the RAN node store the relevant AS information at transition into CM-IDLE.
By using the Connection Resume procedure:
-	the UE resumes the connection with the network using the AS information stored during the Connection Suspend procedure;
-	the, potentially new, RAN node notifies the AMF that the connection with the UE has been securely resumed and the AMF enters CM-CONNECTED.
If an AMF has an N2 association stored for a UE and the AMF receives for that UE a NAS procedure over another UE-associated logical N2 or at re-registration procedure with AMF change, when the UE has re-attached, or when the UE has been Detached, the AMF and the previously involved RAN node shall delete that stored N2 association using the N2 Release procedure, see TS 23.502 [3].
[bookmark: _Toc508784256]6.X.3	Support of EPC interworking
[bookmark: _Toc508784257]CM-IDLE with RRC idle-inactive state is an equivalent solution to User Plane optimization in EPC. Since the solution relies on keeping the UE context at RAN, a potential deployment is the network supports both UP optimization and CM-IDLE with RRC idle-inactive (this would be particularly the case for RAN nodes supporting connectivity to both EPC and 5G CN). 
NOTE: 	It is possible though that a network supports different small data optimization solutions in EPC and 5G CN.
6.X.4	Procedures
[bookmark: _Hlk509910253]6.X.4.1	Suspend procedure
This procedure is invoked to move to CM connected state to CM idle with RRC idle-inactive.
7. (R)AN Connection Suspend

1. N2 UE Context Suspend Request 
UPF
AMF
(R)AN
UE
6. N2 UE Context Suspend Accept
SMF
2. Nsmf_PDUSession_UpdateSMContext
3. N4 Session Modification Request
4. N4 Session Modification Response
5. Nsmf_ PDUSession_UpdateSMContext Ack

Figure 6.X.4.1-1: Suspend Procedure


0. 	The UE is in CM connected state. 
1.	The RAN node decides to move the UE to RRC inactive-idle and initiates the Suspend procedure towards the AMF by sending N2 UE Context Suspend Request message.
2: 	The AMF moves the CM state to CM idle, and for each of the active PDU sessions, the AMF invokes Nsmf_PDUSession_UpdateSMContext(PDU Session ID, PDU Session Suspend, Cause). 
3-4: Steps 3-4 correspond to steps 6a-6b from AN release procedure as per TS 23.502 [2] section 4.2.6.
5. 	The SMF accepts the suspension by sending Nsmf PDUSession_UpdateSMContext Ack to AMF. 
6.	The AMF confirms suspension of N2 by sending N2 UE context suspend accept message to RAN node.
7.	The RAN node initiates RRC suspend procedure towards UE. Both UE and RAN node move RRC state to RRC idle-inactive.

6.X.4.2	Resume procedure
This procedure is initiated by the UE to resume the RRC and CM connection from CM idle with RRC idle-inactive state. 


Figure 6.X.4.2-1: Resume Procedure
1.	When the UE needs to resume the RRC/CM connection, e.g. it has MO data or signalling pending, or as a response to paging, the UE initiates Random access.
2.	The UE and RAN perform RRC resume procedure. The UE provides including information needed by the RAN node to access the UE's stored AS context. The RAN node may retrieve the UE AS context via Xn. If RRC resume procedure is successful, both UE and RAN node move to RRC connected state.
3.	If RRC resume was successful, the RAN node initiates N2 UE resume request towards AMF.
4.	For each suspended PDU session, the AMF invokes Nsmf PDUSession_UpdateSMContext(PDU session resume)
5.  Steps 5-10, TS 23.502 section 4.2.3.2 UE triggered service request.
6.	The SMF accepts the resumption by sending Nsmf PDUSession_UpdateSMContext Ack to AMF. 
6.	The AMF confirms suspension of N2 by sending N2 UE context suspend accept message to RAN node, and also includes information of PDU sessions that could not be resumed, if any.
7.	The RAN node initiates RRC connection reconfiguration if needed, i.e. if some PDU session(s) were not resumed in the core network.

[bookmark: _Toc508784258]6.X.5	Impacts on existing entities and interfaces
UE:
-	Support of new NAS/RRC state and resume/suspend procedures
RAN:
-	Support of new state RRC state and resume/suspend procedures
AMF:
-	Support of resume/suspend procedures in N2.
[bookmark: _Toc508784259][bookmark: _Hlk500857602]6.X.6	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
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