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1
Background

In SA2#121, an initial way forward agreement on various aspects of RRC_INACTIVE was created in S2-172832 but ultimately noted. 

A main point of contention was question (4) Do we need special Core Network paging procedure in RRC_INACTIVE?.
We believe that the root of the disagreement comes from two opposing interpretations of RRC_INACTIVE:

-
INTERPRETATION 1: RRC_INACTIVE design must be driven by the low latency requirement
- 
Therefore the UE context needs to always be available and reachable at the RAN.

-
With the low latency satisfied, signalling and power reduction is achieved by allowing the UE to not perform any mobility induced signalling within a RAN notification area. 

-
However, the UE shall always notify the network when it steps out of the RAN notification area to maintain the UE AS context reachable in the RAN.

-
This interpretation has been captured in S2-171802/1803/1805 (Qualcomm), and shared by various companies 

-
INTERPRETATION 2: RRC_INACTIVE design must be driven by the signalling/power reduction requirement
- 
Low latency requirement may not always be the main goal. 

-
This interpretation considers that the UE to move within the TA-list without requiring CN signalling. 

-
Since the UE may be outside the RAN notification in case of MT data or NW originated data, then CN paging may be needed to reach the device.

Note that for Interpretation 1, the RAN keeps a relatively tight knowledge of where the UE is (i.e. within the RAN notification area) and keeps transporting the UE context to a closer RAN node whenever the UE moves outside it. This model is closer to the regular CM-CONNECTED model, which minimizes the latency at the cost of higher signalling. 

On the other hand, for Interpretation 2, the UE location is only mostly known as within the tracking area identity list, the RAN is keeping the UE AS context but the UE AS context may or may not be reachable in the RAN, and the core network needs to get involved to ensure finding the UE in case of MT data or NW originated signalling. Note that since the UE may or may not be reachable in the RAN for RAN paging, it is better to always perform CN paging, as opposed to first trying RAN paging, then moving the data back to the CN and trying CN paging. This model is closer to the regular CM-IDLE solution.  

2
Proposed way forward

Both interpretations above have their merits, depending on the most crucial aspect of the optimization (low delay or signalling), however their goals become opposing, and there is no one solution that satisfies both Interpretation 1 and Interpretation 2 completely. Therefore is proposed to split the RRC_INACTIVE into two separate states, one for each interpretation.
	Proposal 1: It is proposed to define 2 states:

· RRC_INACTIVE/CONNECTED (Interpretation 1)

· UE is assigned a RAN notification area and always notifies the NW when moving outside the RAN notification area.
· The RAN notification area can be smaller or equal to TA-list
· No special CN paging is needed.
· RRC_INACTIVE/IDLE (Interpretation 2)

· CM state is CM-IDLE and N2 is suspended.

· UE is not assigned a RAN notification area, RAN paging area does not apply

· Downlink notification and CN paging always applies.


Figure 2-1 shows the corresponding states at RRC, UE and AMF NAS, and N2 for each case.  
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Figure 2.1: States correspondence for each RRC state

Principles for RRC-INACTIVE/CONNECTED:

-
NAS state is CM-CONNECTED in both UE and AMF.

-
N2/N3 are active. 

-
The anchor RAN node always assigns a RAN notification area.

-
The anchor RAN node also assigns a periodic RAN update timer.

-
The UE triggers RRC connection resume procedure when moving outside the RAN notification area, when the periodic RAN update timer expires, when having pending MO data or signalling, and when responding to RAN paging.

-
For MT data and NW signalling only RAN paging is used. 

-
The UE listens to RAN paging (for regular case) and CN paging (for error case when AMF locally moved to CM-IDLE)


I

Principles for RRC-INACTIVE/IDLE:

-
NAS state is CM-IDLE in both UE and AMF. 

-
N2 is suspended, no N3.

-
The UE is not given a RAN notification area. 

-
The UE is not given a periodic RAN update timer as periodic registration timer applies and is running. 

-
The UE triggers RRC resume procedure when having pending MO data or signalling, and when responding to RAN paging.

-
Only CN paging applies, there is no RAN paging.

-
The UE listens to CN paging only.

Figure 2-2 and Table 2-1 show the state transitioning between RRC states for each RRC procedure, and corresponding N2 procedure when it applies and NAS/N2 states:
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Figure 2-2: State transitioning for each RRC procedure

Table 2-1: State transitioning and procedures relevant to RRC-INACTIVE

	RRC procedure
	N2 procedure
	RRC state
	NAS CM-STATE
	N2 STATE
	N3 State 

	(1) RRC Connected Suspend
	None
	From: RRC-CONNECTED

To: RRC-INACTIVE/CONNECTED
	CM-CONNECTED
	ACTIVE
	PDU Session Tunnel Resources “active”

	(2) RRC Connection Resume
	None
	From: RRC-INACTIVE/CONNECTED

To: RRC-CONNECTED
	CM-CONNECTED
	ACTIVE
	PDU Session Tunnel Resources “active”

	(3) RRC Idle suspend
	N2 suspend
	From: RRC-CONNECTED

To: RRC-INACTIVE/IDLE
	From: CM-CONNECTED

To: CM-IDLE
	From: ACTIVE

To: SUSPENDED
	From “Tunnel Active to Idle/Suspend” (no N3 data at RAN)

	(4) RRC Resume
	N2 resume
	From: RRC-INACTIVE/IDLE

To: RRC-IDLE
	From: CM-IDLE

To: CM-CONNECTED
	From: SUSPENDED

To: ACTIVE
	From “Tunnel Idle/Suspend to Active”.


NOTE: The RRC states and procedures names may be changed by RAN WGs.

Advantages of this split approach:
· Provides better options for optimization depending on more relevant need, low latency or signaling. 

· Maintains the design principles for CM-CONNECTED (assumes N2 active and UE reachable by terminating RAN point) and CM-IDLE (UE may be anywhere within the registration area) 

· Provides full compatibility of features with E-UTRAN/EPC:

· Light RRC Connection <-> RRC-INACTIVE/CONNECTED

· User Plane EPS CIoT optimization enabled <-> RRC-INACTIVE/IDLE

3. Proposal

It is proposed to capture the following text in TR 23.501
>>>>>Start Changes<<<<<
Changes from S2-17xxyy (RRC-INACTIVE baseline) in clause 5.3.3.2.X are highlighted in yellow.

5.3
Registration and Connection Management

…
5.3.3.2.X

CM-CONNECTED with RRC inactive mode

CM-CONNECTED with RRC inactive mode applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN). 
The AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN’s decision whether the UE can be sent to RRC inactive state. 

Editor’s note: It is FFS if the UE provides indication of support for CM-CONNECTED with RRC inactive state on NAS layer.
The "CM-CONNECTED with RRC inactive assistance information" includes:

-
a maximum allowed DRX values for RAN paging while in RRC inactive state. This value should be equal or less than the UE specific DRX value for CM-IDLE mode.

-
the Registration Area provided to the UE;

Editor’s Note: It is FFS which additional information is needed by RAN to perform RAN paging. It is FFS whether paging prioritization information is needed and how it is provided to the RAN. It is also FFS whether some mobility history related data (CN or RAN based history knowledge) may be included.

Editor's Note: Whether other information is needed is FFS

Editor's Note: Whether, apart from the UE’s Registration Area, other information mentioned above is mandatory to be always included in FFS

The CN assistance information is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during attach, TAU, service request, path switch).

Editor's Note: The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RAN inactive state. A UE in CM-CONNECTED with RAN inactive state is aware of the RAN notification area.

When the UE is CM-CONNECTED with RRC inactive state, the UE may resume the RRC connection due to: 

-
Uplink data pending;

-
Mobile initiated procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN notification area.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and the procedure is triggered towards the CN (see TS 23.502 [3]). 
If a UE is in CM-CONNECTED with RRC inactive state performs cell selection to GERAN/UTRAN, it shall enter PMM-IDLE state or GPRS STANDBY state and follow idle mode procedures.

Editor’s note: The handling of mobility from NR to E-UTRAN connected in EPC, in CM-CONNECTED with RRC inactive state in RAN is FFS. 

In addition, a UE in CM-CONNECTED state with RRC inactive state shall enter CM-IDLE mode and follow NAS recovery procedure in the following cases:

-
If the UE camps on a cell that does not indicate support for RRC inactive mode;

-
If RRC resume procedure fails,
-
If the UE receives Core Network paging with CN identity (IMSI or S-TMSI) 

-
in any other failure scenario that cannot be resolved in RRC inactive mode and requires the UE to move to CM-IDLE mode.

Editor’s note: It is FFS which scenarios trigger a network transition from CM-CONNECTED with RRC inactive mode to CM-IDLE. 

Editor's Note: PLMN selection for UE in CM-CONNECTED with RRC inactive mode is FFS. 
Editor's Note: How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC inactive state is FFS.

Editor's Note: Whether and how access control/barring applies for UE in CM-CONNECTED with RRC inactive state is FFS.

5.3.3.2.Y
CM-IDLE with RRC idle-inactive mode

The CM-IDLE with RRC idle-inactive mode functionality 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.

Editor’s note: It is FFS if the UE provides indication of support for CM-IDLE with RRC inactive mode on NAS layer.

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 (see TS 23.502 [3]). At any subsequent transaction trigger from the NAS layer when UE is in CM-IDLE, the UE shall attempt the Connection Resume procedure, as defined in TS 23.502 [3]. 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].
>>>>>End of Changes<<<<<
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