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Abstract of the contribution: CM state machine alignment between common part, 3GPP part and N3GPP part
1  Discussion

This P-CR aligns the CM state machine requirements between the common part (clause 5.3.3) and 3GPP part (clause 5.4):

1 Example in common part is replaced by enumeration of 3GPP and N3GPP connectivity (clause 5.3.3, 5.3.3.2.2, 5.3.3.2.3)
2 Explicit statement in the common CM part to say that the CM states for 3GPP and N3GPP are independent of each other (clause 5.3.3.1)
3 Mobility restrictions additionally to MICO mode may prevent the UE from responding to paging (clause 5.3.3.2.2)
4 References to non-existent clauses in 23.502 are corrected to refer to registration and service request procedures (clause 5.3.3.3.2)
5 Added the condition for N3GPP signalling connection release in 5.3.3.3.3
6 The reference from the common CM text to N3GPP CM is updated to refer to the main CM clause 5.5.2 (clause 5.3.3.4)
2
Proposal

It is proposed to make the following alignments of the requirements between the common CM, 3GPP CM and N3GPP CM procedures in 3GPP TS 23.501.
-----------------------------FIRST CHANGE-------------------------------------

5.3.3
Connection Management

Editor's note:
Access independent aspects.

5.3.3.1
General

Connection management comprises the functions of establishing and releasing a signalling connection between a UE and the AMF over N1. This signalling connection is used to enable NAS signalling exchange between the UE and the core network. It comprises both the AN signalling connection between the UE and the AN (RRC connection over 3GPP access or UE-N3IWF connection over N3GPP access) and the N2 connection for this UE between the AN and the AMF.

5.3.3.2
5GS Connection Management states

5.3.3.2.1
General

Two CM states are used to reflect the NAS signalling connectivity of the UE with the AMF:

-
CM-IDLE

-
CM-CONNECTED
The CM state for 3GPP access and Non-3GPP access are independent of each other, i.e. one can be in CM-IDLE state at the same time when the other is in CM-CONNECTED state.
5.3.3.2.2
CM-IDLE state

A UE in CM-IDLE state is in RM-REGISTERED state and has no NAS signalling connection established with the AMF over N1. The UE performs cell selection, cell reselection and PLMN selection.

There are no AN signalling connection, N2 connection and N3 connections for the UE in the CM-IDLE state.

In the CM-IDLE state, the UE shall, unless otherwise specified in clause 5.3.4.1:

Respond to paging by performing a service request procedure (see TS 23.502 [3] clause 4.2.3.2), unless the UE is in MICO mode (see clause 5.4.1.3) or Mobility Restrictions prevent the UE from responding to paging (see clause 5.3.4.1.1);

-
perform a service request procedure when the UE has uplink signalling or user data to be sent (see TS 23.502 [3] clause 4.2.3.2), if the uplink user data to be sent does not correspond to a PDU session for a LADN and the UE is outside the area of availability of the LADN.

-
enter CM-CONNECTED state whenever an AN signalling connection is established between the UE and the AN (entering RRC Connected state over 3GPP access, or at the establishment of the UE-N3IWF connectivity over non-3GPP access). The transmission of an Initial NAS message (Registration Request, Service Request or Deregistration Request) initiates the transition from CM-IDLE to CM-CONNECTED state.

In the CM-IDLE state, the AMF shall:

-
perform a network triggered service request procedure when it has signalling or mobile-terminated data to be sent to this UE, by sending a Paging Request to this UE (see TS 23.502 [3] clause 4.2.3.3), if a UE is not prevented from responding e.g. due to MICO mode or Mobility Restrictions.

-
enter CM-CONNECTED whenever an N2 connection is established for this UE between the AN and the AMF.

Editor's note:
it is FFS whether the AMF notifies the UE location information to the SMF when the UE enters CM-IDLE state, and how DL traffic is handled in case the UE, while in CM-IDLE, moves to the LADN area or outside the LADN area.

The UE and the AMF may optimize the power efficiency and signalling efficiency of the UE when in CM-IDLE state e.g. by activating MICO mode (see clause 5.4.1.3).
5.3.3.2.3
CM-CONNECTED state

A UE in CM-CONNECTED state has a NAS signalling connection with the AMF over N1.
Editor's note:
Whether a N2 connection for the UE in CM-CONNECTED state always exists or not depends on the conclusion on "stickiness" feature.

In the CM-CONNECTED state, the UE shall:

-
enter CM-IDLE state whenever the AN signalling connection is released (entering RRC Idle state over 3GPP access or when the release of the UE-N3IWF connectivity over non-3GPP access is detected by the UE), see TS 38.331 for 3GPP access.

In the CM-CONNECTED state, the AMF shall:

-
enter CM-IDLE state whenever the N2 signalling connection and N3 connection for this UE is released.

Upon completion of a NAS signalling procedure, the AMF may decide to release the NAS signalling connection with the UE. Upon completion of AN signalling connection release, CM state in the UE is changed to CM-IDLE. Upon completion of N2 context release procedure, CM state for the UE within the AMF is changed to CM-IDLE..

The AMF may keep a UE in CM-CONNECTED state until the UE de-registers from the core network.

A UE in CM-CONNECTED state can be in RRC Inactive state, see TS 38.xxx. When the UE is in RRC Inactive state the following applies:

-
UE reachability is managed by the RAN, with assistance information from core network;
-
UE paging is managed by the RAN.

-
UE monitors for paging with UE's CN and RAN identity.
Editor's note:
Whether RAN notifies the AMF about UE state transitions between RRC Connected and RRC Inactive state and whether such notification is sent always or only at specific occasions is FFS.
5.3.3.2.4
5GS Connection Management State models
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Figure 5.3.3.2.4-1: CM state transition in UE
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Figure 5.3.3.2.4-2: CM state transition in AMF

When a UE enters CM-IDLE state, the UP connection of the PDU sessions that were active on this access are deactivated.

NOTE:
The activation of UP connection of PDU sessions is documented in clause 5.6.8.

5.3.3.2.5
CM-CONNECTED with RRC inactive state

RRC inactive state 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 RRC inactive state on NAS or AS layer.

The "RRC inactive assistance information" includes:

-
UE specific DRX values for RAN paging while in RRC inactive state.

-
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 mentioned above (e.g. DRX, Registration Area) is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, path switch) to assist the NG RAN's decision whether the UE can be sent to RRC inactive state.

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 RRC inactive state. A UE in RRC inactive state is aware of the RAN notification area.

Editor's note:
It is FFS if CN shall be aware that UE entered RRC Inactive state.

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

-
Uplink data pending;

-
Mobile initiated signalling 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 a 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/EPS, it shall follow idle mode procedures.

Editor's note:
The handling of mobility from NR to E-UTRAN connected in EPC, in 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 relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

-
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.

Editor's note:
The UE behaviour if it receives paging from the Core Network is FFS.

Editor's note:
The UE behaviour if the UE camps on a cell that does not support RRC inactive mode is FFS.

5.3.3.3
NAS signalling connection management

5.3.3.3.1
General

NAS signalling connection management includes the functions of establishing and releasing a NAS signalling connection.

5.3.3.3.2
NAS signalling connection establishment

NAS signalling connection establishment function is provided by the UE and the AMF to establish a NAS signalling connection for a UE in CM-IDLE state.

When the UE in CM-IDLE state needs to transmit an NAS message, the UE shall initiate a Service Request or a registration procedure to establish a signalling connection to the AMF as specified in TS 23.502 [3], clauses 4.2.2 and 4.2.3.
Based on UE preferences, UE subscription, UE mobility pattern and network configuration, the AMF may keep the NAS signalling connection until the UE de-registers from the network.
5.3.3.3.3
NAS signalling connection Release

The procedure of releasing a NAS signalling connection is initiated by the AN node (either 5G (R)AN node or non-3GPP access node) or the AMF.
The UE considers the NAS signalling connection is released if it detects the AN signalling connection is released. The AMF considers the NAS signalling connection is released if it detects the N2 context is released.
5.3.3.4
Support of a UE connected over both 3GPP and Non-3GPP access

The AMF manages two CM states for an UE: a CM state for 3GPP access and a CM state for Non-3GPP access. An N2 interface can serve the UE for either 3GPP access or for Non 3GPP access. UE connected over both 3GPP and Non-3GPP has got two N2 interfaces, one for each access. A UE may be in any combination of the CM states between 3GPP and Non-3GPP access, e.g. a UE may be CM-IDLE for one access and CM-CONNECTED for the other access, CM-IDLE for both accesses or CM-CONNECTED for both accesses.

Connection Management over Non-3GPP access is further defined in clause 5.5.2.
-----------------------------NEXT CHANGE-------------------------------------

5.4
3GPP access specific aspects

Editor's note:
3GPP access specific aspects - e.g. handover, reachability, paging.

5.4.1
UE reachability in CM-IDLE

5.4.1.1
General

Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e. access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e., UE registration area update) and UE reachability tracking ((i.e. UE periodic registration area update)). Such functionalities can be either located at 5GC (in case of CM-IDLE state) or NG-RAN (in case of CM-CONNECTED state).

The UE and the AMF negotiate UE reachability characteristics in CM-IDLE state during registration and registration update procedures.

Two UE reachability categories are negotiated between UE and AMF forCM-IDLE state:

1.
UE reachability allowing Mobile Terminated data while the UE is CM-IDLE mode.

-
The UE location is known by the network on a Tracking Area List granularity

-
Paging procedures apply to this category.

-
Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE mode.

2.
Mobile Initiated Connection Only (MICO) mode:

-
Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE mode.

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED mode.

Whenever a UE enters CM-IDLE state for the 3GPP access, it starts a periodic registration timer according to the periodic registration timer value received from the AMF during a registration procedure. Whenever a UE enters CM-IDLE state for the non-3GPP access, it starts a UE deregistration timer according to the non-3GPP UE deregistration timer value received from the AMF during a registration procedure.
The AMF allocates a periodic registration timer value over 3GPP access or a non-3GPP deregistration timer value over non-3GPP access to the UE based on local policies, subscription information and information provided by the UE. After the expiry of the periodic registration timer, the UE shall perform a periodic registration over 3GPP access. If the UE moves out of network coverage when its periodic registration timer expires, the UE shall perform a registration update when it next returns to the coverage.
Over 3GPP access, the AMF runs a mobile reachable timer for the UE. The timer is started or re-started with a value longer than the UE's periodic registration timer whenever the CM state for the UE changes to CM-IDLE over 3GPP access. If this timer expires, the AMF can deduce that the UE is not reachable. However, the AMF does not know for how long the UE is not reachable, thus the AMF shall not immediately de-register the UE. Instead, the AMF should clear the PPF flag and start an Implicit De-registration timer, with a relatively large value.
NOTE:
the AMF considers the UE in CM-IDLE state always unreachable if the UE is in MICO mode (refer to clause 5.4.1.3).

With the PPF clear, the AMF does not page the UE and shall reject any request for delivering DL signalling or data to this UE.
Over non-3GPP access, the AMF runs a non-3GPP Implicit Deregistration timer. The timer is started with a value longer than the UE's non-3GPP deregistration timer whenever the CM state for the UE changes to CM-IDLE over non-3GPP access. 
If the Implicit De-registration timer expires before the UE contacts the network, the AMF implicitly de-register the UE.

-----------------------------END OF CHANGES-------------------------------------
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