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1 Discussion

This is a companion P-CR to S2-176953.
1.1 5G-GUTI terminology

Proposal 1: It is proposed to replace “UE Temporary Identifier” with 5G-GUTI in remaining occurrences.

1.2 Correction to text on 5G-GUTI allocation

Section 5.2.3.4 indicates that:

“The 5G-GUTI is assigned upon the first successful registration of the UE, and is valid over both 3GPP and Non-3GPP access to the same PLMN or equivalent PLMN for the UE.”

However, this is incorrect. The allocation does not happen ONLY at the first successful registration, since the 5G-GUTI may be reallocated at any successful registration or modified by the AMF with the UE Configuration Update procedure.

Proposal 2: it is proposed to delete “first”. 
1.3 Terminology for registration procedure

TS 23.502 has defined three types of Registration procedure based on a Registration type provided by the UE to the AMF: "initial registration" (i.e. the UE is in RM-DEREGISTERED state), "mobility registration update " (i.e. the UE is in registered state and initiates a Registration procedure due to mobility), and "periodic registration update" (i.e. the UE is in registered state and initiates a Registration procedure due to the periodic update timer expiry, see clause 4.2.2.2.1). 
TS 23.501 states that a UE that is RM-REGISTERED may “perform a Registration Update procedure to update its capability information or to re-negotiate protocol parameters with the network.” It is unclear what type of registration update would use for this.
Moreover, a UE already registered over a 3GPP access may perform a registration over the non-3GPP access and be served by the same AMF and use the same 5G-GUTI: this would be neither an initial, nor a periodic, nor a mobility registration, and not even a registration to renegotiate parameters.

The difference between the various types of registration is actually based on the state of the UE and the parameters delivered by the UE, and the AMF is fully capable of understanding the UE state without an explicit indication from the UE wrt to mobility or periodic registration. The only exception is the periodic registration update.
Proposal 3: It is therefore proposed to have only three types of registration: “initial”, “periodic”, and “non-initial”. A companion TS 23.502 P-CR is provided.

1.4 Corrections to text on RM REGISTERED state in AMF

Currently the text states:

When the UE RM state in the AMF is RM-REGISTERED, the AMF shall:

-
perform Deregistration procedure (see TS 23.502 [3] clauses 4.2.2.3.2, 4.2.2.3.3), and enter RM-DEREGISTERED state for the UE, when the UE needs to be no longer registered with the PLMN. The network may decide to deregister the UE at any time;

-
perform Implicit Deregistration at any time after the Implicit Deregistration timer expires. The AMF shall enter RM-DEREGISTERED state for the UE after Implicit Deregistration;

-
when applicable, accept or reject Registration Updates or Service Requests from the UE. The AMF may reject a UE registration upon rejecting a Registration Update from the UE;
Proposal 4: The last sentence is actually meaningless and it is suggested to delete it. 

1.5 Deregistration
The text at present states that the UE enter RM-DEREGISTERED state when receiving a Registration Reject message or a Deregistration message, and that the actions of the UE depend upon the 'cause value' in the Registration Reject or message. 
Proposal 5: It is suggested to clarify they depend also on a possible “cause value” in the deregistration message.
1.6 Release of PDU sessions over non-3GPP

Currently the text states that:

“If the UE is registered on both 3GPP and non-3GPP accesses and it is in CM-IDLE over non-3GPP access, then the UE or AMF may initiate a Deregistration procedure over the 3GPP access to deregister the UE only on the non-3GPP access, in which case all the PDU sessions which are associated with the non-3GPP access shall be released.”

The text mandates releasing the PDU sessions for the UE upon de-registration of the UE over non-3GPP access. However, as discussed in previous meeting, the network should be given the choice to maintain the PDU sessions without user plane for a network-decided period of time to allow the UE to move the PDU sessions to the 3GPP access. 
Proposal 6: It is proposed to replace the “shall” with a “should”.
2
Proposals

It is proposed to accept the following changes to TS 23.501.

START OF CHANGES

5.3
Registration and Connection Management

5.3.1
General

The Registration Management is used to register or deregister a UE/user with the network, and establish the user context in the network. The Connection Management is used to establish and release the signalling connection between the UE and the AMF.

5.3.2
Registration Management

5.3.2.1
General

A UE/user needs to register with the network to receive services that requires registration. Once registered and if applicable the UE updates its registration with the network (see TS 23.502 [3]):

-
periodically, in order to remain reachable (periodic registration update); or

-
upon mobility (non-initial registration update); or

-
to update its capabilities or re-negotiate protocol parameters (non-initial registration update).

The initial Registration procedure involves execution of Network Access Control functions as defined in clause 5.2 (i.e. user authentication and access authorization based on subscription profiles in UDM). As result of the Registration procedure, the identifier of the serving AMF will be registered in UDM.

The registration management procedures are applicable over both 3GPP access and Non-3GPP access. The 3GPP and Non-3GPP RM states are independent of each other, see clause 5.3.2.3.
5.3.2.2
5GS Registration Management states

5.3.2.2.1
General

Two RM states are used in the UE and the AMF that reflect the registration status of the UE in the selected PLMN:

-
RM-DEREGISTERED.

-
RM-REGISTERED.

5.3.2.2.2
RM-DEREGISTERED state

In the RM‑DEREGISTERED state, the UE is not registered with the network. The UE context in AMF holds no valid location or routing information for the UE so the UE is not reachable by the AMF. However, some parts of UE context may still be stored in the UE and the AMF e.g. to avoid running an authentication procedure during every Registration procedure.

In the RM-DEREGISTERED state, the UE shall:

-
attempt to register with the selected PLMN using the initial registration procedure if it needs to receive service that requires registration (see TS 23.502 [3] clause 4.2.2.2).

-
remain in RM-DEREGISTERED state if receiving a Registration Reject upon initial registration (see TS 23.502 [3] clause 4.2.2.2).

-
enter RM-REGISTERED state upon receiving a Registration Accept (see TS 23.502 [3] clause 4.2.2.2).

When the UE RM state in the AMF is RM-DEREGISTERED, the AMF shall:

-
when applicable, accept the initial registration of a UE by sending a Registration Accept to this UE and enter RM-REGISTERED state for the UE (see TS 23.502 [3] clause 4.2.2.2); or

-
when applicable, reject the initial registration of a UE by sending a Registration Reject to this UE (see TS 23.502 [3] clause 4.2.2.2).

5.3.2.2.3
RM-REGISTERED state

In the RM‑REGISTERED state, the UE is registered with the network. In the RM-REGISTERED state, the UE can receive services that require registration with the network.

In the RM-REGISTERED state, the UE shall:

-
perform non-initial Registration Update procedure if the current TAI of the serving cell (see TS 37.nnn) is not in the list of TAIs that the UE has received from the network in order to maintain the registration and enable the AMF to page the UE;

-
perform periodic Registration Update procedure triggered by expiration of the periodic update timer to notify the network that the UE is still active.

-
perform non-initial Registration Update procedure to update its capability information or to re-negotiate protocol parameters with the network;

-
perform Deregistration procedure (see TS 23.502 [3] clause 4.2.2.3.1), and enter RM-DEREGISTERED state, when the UE needs to be no longer registered with the PLMN. The UE may decide to deregister from the network at any time.

-
enter RM-DEREGISTERED state when receiving a Registration Reject message or a Deregistration message. The actions of the UE depend upon the 'cause value' in the Registration Reject or Deregistration message. See TS 23.502 [3] clause 4.2.2.

When the UE RM state in the AMF is RM-REGISTERED, the AMF shall:

-
perform Deregistration procedure (see TS 23.502 [3] clauses 4.2.2.3.2, 4.2.2.3.3), and enter RM-DEREGISTERED state for the UE, when the UE needs to be no longer registered with the PLMN. The network may decide to deregister the UE at any time;

-
perform Implicit Deregistration at any time after the Implicit Deregistration timer expires. The AMF shall enter RM-DEREGISTERED state for the UE after Implicit Deregistration;

-
when applicable, accept or reject Registration Requests or Service Requests from the UE. 
5.3.2.2.4
5GS Registration Management State models
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Figure 5.3.2.2.4-1: RM state model in UE
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Figure 5.3.2.2.4-2: RM state model in AMF

5.3.2.3
Registration Area management

Registration Area management comprises the functions to allocate and reallocate a Registration area to a UE. Registration area is managed per access type i.e., 3GPP access or Non-3GPP access.

When a UE registers with the network over the 3GPP access, the AMF allocates a set of tracking areas in TAI List to the UE. When the AMF allocates registration area, i.e. the set of tracking areas in TAI List, to the UE it may take into account various information (e.g. Mobility Pattern and Allowed/Non-allowed area (refer to clause 5.3.4.1)). An AMF which has the whole PLMN as serving area may alternatively allocate the whole PLMN ("all PLMN") as registration area to a UE in MICO mode (refer to clause 5.4.1.3).
The 5G system shall support allocating a TAI List over different 5G-RATs in a single TAI List.

When a UE registers with the network over the Non-3GPP access, the registration area for Non-3GPP access corresponds to a unique reserved TAI value (i.e. dedicated to Non-3GPP access). There is thus a unique Tracking Area for the Non-3GPP access to 5GC, that is called the N3GPP TAI.

When generating the TAI list, the AMF shall include only TAIs that are applicable on the access where the TAI list is sent.

The additional aspects for registration management when a UE is registered over one access type while the UE is already registered over the other access type is further described in clause 5.3.2.4.
5.3.2.4
Support of a UE registered over both 3GPP and Non3GPP access

For a given serving PLMN there is one RM context for a UE for each access, e.g. when the UE is consecutively or simultaneously served by a 3GPP access and by a non-3GPP access (via an N3IWF) of the same PLMN. UDM manages separate/independent UE Registration procedures for each access.
An AMF associates multiple access-specific RM contexts for an UE with:

-
a 5G-GUTI that is common to both 3GPP and non-3GPP accesses. This 5G-GUTI is globally unique.

-
a Registration state per access type (3GPP / Non-3GPP)

-
a Registration Area per access type: one Registration Area for 3GPP access and another Registration Area for non 3GPP access. Registration Areas for the 3GPP access and the non-3GPP access are independent.
-
a Periodic Registration timer for 3GPP access.
-
a Non-3GPP Implicit Deregistration timer.
The AMF shall not provide a Periodic Registration Timer for the UE over a non-3GPP access. Consequently, the UE need not perform a non-initial Registration Update procedure over non-3GPP access. Instead, during the Initial Registration procedure and Re-registration, the UE is provided by the network with a UE non-3GPP Deregistration timer that starts when the UE enters non-3GPP CM-IDLE state.
The 5G-GUTI may be assigned or re-assigned over any of the 3GPP and Non-3GPP accesses. The AMF assigns to the UE a single 5G-GUTI that is used over 3GPP and Non-3GPP access of the same PLMN or equivalent PLMN (which presumes that there is control and user plane connectivity between nodes of the EPLMN and the 3GPP access PLMN). The 5G-GUTI is assigned upon a successful registration of the UE, and is valid over both 3GPP and Non-3GPP access to the same PLMN or equivalent PLMN for the UE. Upon performing any initial access over the non-3GPP access or over the 3GPP access, the UE provides the 5G-GUTI it has received in an earlier successful registration over any access of the same PLMN or equivalent PLMN. This enables the AN to select an AMF that maintains the UE context created at the previous Registration procedure, and enables the AMF to correlate the UE request to the existing UE context.

If the UE is performing registration over one access and intends to perform registration over the other access in the same PLMN (e.g. the 3GPP access and the selected N3IWF are located in the same PLMN), the UE shall not initiate the registration over the other access until the registration procedure over first access is completed.

NOTE:
To which access the UE performs registration first is up to UE implementation.

When the UE is successfully registered to an access (3GPP access or non-3GPP access respectively) and the UE registers via the other access:

-
if the second access is located in the same PLMN or equivalent PLMN (e.g. the UE is registered via a 3GPP access and selects a N3IWF located in the same PLMN), the UE shall use for the registration to the PLMN associated with the new access the 5G-GUTI that the UE has been provided at the previous registration for the first access in the same PLMN or equivalent PLMN.

-
if the second access is located in a PLMN different from the registered PLMN of the first access (i.e. not the registered PLMN or an equivalent PLMN of the registered PLMN), (e.g. the UE is registered to a 3GPP access and selects a N3IWF located in a PLMN different from the PLMN of the 3GPP access, or the UE is registered over non-3GPP and registers to a 3GPP access in a PLMN different from the PLMN of the N3IWF), the UE shall use for the registration to the PLMN associated with the new access a 5G-GUTI only if it has got one previously received from the same PLMN. However, if the UE does not already have a 5G-GUTI from the PLMN to which it is attempting to register or from an equivalent PLMN, the SUPI shall be used for the new registration.

When a UE 5G-GUTI assigned during a Registration procedure over 3GPP (e.g. the UE registers first over a 3GPP access) is location-specific, e.g. refers to a geographical Group Id, the same UE 5G-GUTI can be re-used over the non-3GPP access when the selected N3IWF function is in the same PLMN as the 3GPP access. When an UE 5G-GUTI is assigned during a Registration procedure performed over a Non 3GPP access (e.g. the UE registers first over a non-3GPP access) refers to a non-geographical Group Id, the 5G-GUTI may not be valid for NAS procedures over the 3GPP access and, in this case, an AMF relocation is performed during the Registration procedure over the 3GPP access.

The deregistration request indicates whether it applies to the 3GPP access the non-3GPP access, or both.

If the UE is registered on both 3GPP and non-3GPP accesses and it is in CM-IDLE over non-3GPP access, then the UE or AMF may initiate a Deregistration procedure over the 3GPP access to deregister the UE only on the non-3GPP access, in which case all the PDU sessions which are associated with the non-3GPP access should be released.

Registration Management over non-3GPP access is further defined in clause 5.5.2.

5.3.3
Connection Management

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);

-
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 or the uplink user data to be sent corresponds to a PDU session for a LADN and the UE is inside 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.

When the UE CM state in the AMF is CM-IDLE, 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 state for the UE whenever an N2 connection is established for this UE between the AN and the AMF.

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. A NAS signalling connection uses an RRC connection between the UE and the NG-RAN and an NGAP UE association between the AN and the AMF for 3GPP access. A UE can be in CM-CONNECTED state without an NGAP UE association between the AN and the AMF. Upon completion of a NAS signalling procedure, the AMF may decide to release the NAS signalling connection with the UE.
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 [28] for 3GPP access.

When the UE CM state in the AMF is CM-CONNECTED, the AMF shall:

-
enter CM-IDLE state for the UE whenever the logical NGAP signalling connection and the N3 user plane connection for this UE are released upon completion of the UE context release in the AN procedure as specified in TS 23.502.

The AMF may keep a UE CM state in the AMF in CM-CONNECTED state until the UE de-registers from the core network. See clause 5.21.1.2 for details on the state of NGAP UE association for an UE in CM-CONNECTED state.
A UE in CM-CONNECTED state can be in RRC Inactive state, see TS 38.300 [27]. 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 (5G S-TMSI) and RAN identifier.
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.

The AMF, based on network configuration may provide 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.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.
The RRC Inactive assistance information mentioned above is provided by the AMF during N2 activation with the (new) serving NG-RAN node (i.e. during Registration, service request, handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive state is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state. If any of the parameters included in the RRC Inactive Assistance Information changes as the result of NAS procedure, the AMF shall update the RRC Inactive Assistance Information to the NG-RAN node.
When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.
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.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state, unless the 5GC network is notified via N2 notification procedure in TS 23.502 [3] clause 4.8.3.
At transition into CM-CONNECTED with RRC Inactive state, the UE applies with a periodic RAN Notification Area Update and the timer is restarted in the UE and in the RAN as defined in TS 38.300 [27].
When assigning the Periodic RAN Notification Area Update timer, the NG-RAN shall take into account the value of the Periodic Registration Update timer value indicated in the RRC Inactive Assistance Information.
If the periodic RAN Notification Area Update timer expires in RAN, the RAN shall start an RRC release timer. If the RRC release timer expires, the RAN shall initiate UE context release in the AN procedure as specified in TS 23.502 [3].

When the UE is in CM- CONNECTED with RRC inactive state, the UE performs PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

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

-
Uplink data pending;

-
Mobile initiated NAS signalling procedure;

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Notification area;

-
Upon periodic RAN update timer expiration.

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 the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has a pending NAS PDU for transmission, the RAN node shall initiate the NAS signaling connection release procedure (see TS 23.502 [3]) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.
-
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the NAS signaling connection release procedure (see TS 23.502 [3]) based on local configuration in NG-RAN.
Editor's note:
Whether and how access control/barring applies for UE in CM-CONNECTED with RRC Inactive state is FFS.

If a UE in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

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,

If the UE receives Core Network paging,

-
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating single stand-alone report, the RAN shall perform RAN paging before reporting the location to AMF.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE's last known location with time stamp.
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. The AMF shall provide the list of recommended cells/ TAs / NG-RAN node identifiers for paging, if the NG-RAN had provided that information in an earlier UE Context Release Procedure in the AN (see clause 4.2.6 of 3GPP TS 23.502 [3]).
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 NG-RAN node may include the list of recommended cells/ TAs / NG-RAN node identifiers for paging, during the UE Context Release Procedure in the AN (see clause 4.2.6 of 3GPP TS 23.502 [3]). The AMF stores this information, if provided by the NG-RAN.
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.
5.3.4
UE Mobility

5.3.4.1
Mobility Restrictions

5.3.4.1.1
General

Mobility Restrictions restrict mobility handling or service access of a UE in the 5G System. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network.

Mobility Restrictions only apply to 3GPP access, they do not apply to non-3GPP access.

Mobility Restrictions for CM-IDLE state and, for CM-CONNECTED state when in RRC Inactive state are executed by the UE based on information received from the core network. Mobility Restrictions for CM-CONNECTED state when in RRC-Connected state are executed by the radio access network and the core network.

In CM-CONNECTED state, the core network provides Mobility Restrictions to the radio access network with a Handover Restriction List.

Mobility restrictions consists of RAT restriction, Forbidden area, Service area restrictions and Core Network type restriction as follows:

-
RAT restriction:


Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access. In a restricted RAT a UE is based on subscription not permitted to initiate any communication for this PLMN.

-
Forbidden area:


In a Forbidden area under a given RAT, the UE is based on subscription not permitted to initiate any communication with the network for this PLMN. The UE behavior in terms of cell selection, RAT selection and PLMN selection depends on the network response that informs the UE of Forbidden area.

NOTE 1:
The UE reactions to specific network responses are described in TS 24.xxx [XX].
-
Service area restrictions:


Defines areas in which the UE may or may not initiate communication with the network as follows:

-
Allowed area:


In an Allowed area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.

-
Non-allowed area:


In a Non-allowed area under a given RAT a UE is service area restricted based on subscription. The UE and the network are not allowed to initiate Service Request or SM signalling to obtain user services (both in CM-IDLE and in CM-CONNECTED states). The RRC procedures while the UE is in CM-CONNECTED with RRC Inactive state are unchanged compared to when the UE is in an allowed area. The RM procedures are unchanged compared to when the UE is in an allowed area. The UE in a Non-allowed area shall respond to core network paging with Service Request and RAN paging.
-
Core Network type restriction:


Defines whether UE is allowed to connect to 5GC for this PLMN.

NOTE 2:
The Core Network type restriction can be used e.g. in network deployments where the E-UTRAN connects to both EPC and 5GC as described in clause 5.17.
For a given UE, the core network determines the Service area restrictions based on UE subscription information. Optionally the allowed area may in addition be fine-tuned by the PCF e.g. based on UE location, PEI and network policies. Service area restrictions can be changed due to, e.g. subscription, location, PEI and/or policy change. Service area restrictions may be updated during a Registration procedure.

If the UE has overlapping areas between RAT restrictions, Forbidden areas, Allowed areas and Non-allowed areas, or any combination of them, the UE shall proceed in the following precedence order:
-
The evaluation of RAT restrictions shall take precedence over the evaluation of any other Mobility restrictions;

-
The evaluation of Forbidden areas shall take precedence over the evaluation of allowed areas and non-allowed areas; and

-
The evaluation of Non-allowed area shall take precedence over the evaluation of Allowed areas.

A UE shall override any RAT restrictions, Forbidden area and Non-allowed area restrictions whenever access to the network for regulatory prioritized services like Emergency services and MPS. Also the network shall override any non-allowed area restrictions and RAT restrictions for regulatory prioritized services like Emergency services and MPS.

5.3.4.1.2
Management of service area restrictions

A service area restriction may contain one or more (e.g. up to 16) entire tracking areas. The UE's subscription data may contain either allowed or non-allowed areas using explicit tracking area identities, the allowed area may also be limited by a maximum allowed number of tracking areas, or the allowed area may alternatively be configured as unlimited i.e. it may contain all tracking areas of the PLMN. The registration area of a UE in the non-allowed area should consist of a set of TAs which belongs to a non-allowed area of the UE. The registration area of a UE in the allowed area should consist of a set of TAs which belongs to an allowed area of the UE.

NOTE:
As the finest granularity for Service area restrictions is at TA level, subscriptions with limited geographical extent, like subscriptions for Fixed Wireless Access, will be allocated one or a few TAs and will consequently be allowed to access services in a larger area than in e.g. a FWA system.

The UDM stores the service area restrictions of a UE as part of the UE's subscription data. The PCF in the serving network may (e.g. due to varying conditions such as UE's location, application in use, time and date) further adjust service area restrictions of a UE, either by expanding an allowed area or by reducing a non-allowed area or by increasing the maximum allowed number of tracking areas. The UDM and the PCF may update the service area restrictions of a UE at any time. For the UE in CM-CONNECTED state the AMF updates the UE and RAN immediately. For UE in CM-IDLE state the AMF may page the UE immediately or store the updated service area restriction and update the UE upon next signalling interaction with the UE.
During registration, if the service area restrictions of the UE is not present in the AMF, the AMF fetches from the UDM the service area restrictions of the UE that may be further adjusted by the PCF. The serving AMF shall enforce the service area restrictions of a UE. A limited allowed area given by a maximum allowed number of tracking areas, may be dynamically assigned by the AMF adding, any not yet visited (by the UE) tracking areas to the Allowed area until the maximum allowed number of tracking areas is reached. When the AMF assigns a limited allowed area to the UE, then the AMF shall provide the UE with any pre-configured and/or dynamically assigned allowed area. For a UE in CM-CONNECTED state the AMF shall indicate the service area restrictions of this UE to the RAN. The UE shall store the received Mobility restrictions, and comply with them in the area that is identified in the Mobility restrictions.

Upon change of serving AMF due to mobility, the old AMF may provide the new AMF with the service area restrictions of the UE that may be further adjusted by the PCF.

The network may perform paging for a UE in a Non-allowed area to update service area restrictions with Generic UE Configuration Update procedure (see in TS 23.502 [3] clause 4.2.4).

In case of roaming, the service area restrictions are transferred from the UDM via the serving AMF to the serving PCF in the visited network. The serving PCF in the visited network may further adjust the service area restrictions.

5.3.4.2
Mobility Pattern

The Mobility Pattern is a concept that may be used by the 5G system core network to characterise and optimise the UE mobility. The 5G system core network determines and updates Mobility Pattern of the UE based on subscription of the UE, statistics of the UE mobility, network local policy, and the UE assisted information, or any combination of them. The statistics of the UE mobility can be historical or expected UE moving trajectory.

UE mobility pattern can be used by the AMF to optimize mobility support provided to the UE, for example, Registration area Allocation.
5.3.4.3
Radio Resource Management functions

To support radio resource management in RAN the AMF provides the parameter 'Index to RAT/Frequency Selection Priority' (RFSP Index) to RAN across N2. The RFSP Index is mapped by the RAN to locally defined configuration in order to apply specific RRM strategies. The RFSP Index is UE specific and applies to all the Radio Bearers. Examples of how this parameter may be used by the RAN:

-
to derive UE specific cell reselection priorities to control idle mode camping.

-
to decide on redirecting active mode UEs to different frequency layers or RATs.

The AMF receives the subscribed RFSP Index (e.g., during the Registration procedure). For non-roaming subscribers, the AMF chooses the RFSP Index in use according to one of the following procedures, depending on operator's configuration:

-
the RFSP Index in use is identical to the subscribed RFSP Index, or

-
the AMF chooses the RFSP Index in use based on the subscribed RFSP Index, the locally configured operator's policies and the UE related context information available at the AMF, including UE's usage setting, if received during Registration procedures (see clause TS 23.502 [3]).

NOTE:
One example of how the AMF can use the "UE's usage setting," is to select an RFSP value that enforces idle mode camping on E-UTRA for a UE acting in a "Voice centric" way, in case voice over NR is not supported in the specific Registration Area and it contains NR cells. 

For roaming subscribers the AMF may alternatively choose the RFSP Index in use based on the visited network policy, but can take input from the HPLMN into account (e.g., an RFSP Index value pre-configured per HPLMN, or a single RFSP Index value to be used for all roamers independent of the HPLMN).

The RFSP Index in use is also forwarded from source to target RAN node when Xn or N2 is used for intra-NG-RAN handover.

The AMF stores the subscribed RFSP Index value received and the RFSP Index value in use. During the Registration Update procedure, the AMF may update the RFSP Index value in use (e.g. the AMF may need to update the RFSP Index value in use if the UE related context information in the AMF has changed). When the RFSP Index value in use is changed, the AMF immediately provides the updated RFSP Index value in use to NG-RAN node by modifying an existing UE context or by establishing a new UE context in RAN or by being configured to include the updated RFSP Index value in use in the DOWNLINK NAS TRANSPORT message if the user plane establishment is not needed. During inter-AMF mobility procedures, the source AMF forwards both RFSP Index values to the target AMF. The target AMF may replace the received RFSP Index value in use with a new RFSP Index value in use that is based on the operator's policies and the UE related context information available at the target AMF.

END OF CHANGES

3GPP


_1551624942.doc


Deregistration�Registration Reject







Registration Update Accept







RM-DEREGISTERED







RM-REGISTERED







Registration Accept







Registration Reject












_1551624971.doc


Deregistration



Registration Reject







Registration Update Accept







RM-DEREGISTERED







RM-REGISTERED







Registration Accept







Registration Reject












_1554662809.doc


CM-CONNECTED







N2 Context established







N2 Context released







CM-IDLE












_1550221774.doc


AN signaling connection released







CM-CONNECTED







CM-IDLE







AN signaling connection established



(Initial NAS message)
























