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Abstract of the contribution: the paper addresses some clarifications for the single RM model.
1
Discussion

A number of clarifications is being added:
· The sentence “The PLMN selection for the 3GPP access is independent of the N3IWF selection” was added to the TS. This paper clarifies that, when the UE registers first to non-3GPP and an N3IWF is selected, the UE will perform PLMN selection for the 3GPP access independently of the PLMN in which the N3IWF is selected. This is to enable scenarios where the most preferred PLMN does not support an N3IWF, while still enabling the UE to select the most preferred PLMN for the 3GPP access.
· It is clarified that a UE is RM-REGISTERED when CM-IDLE over non-3GPP access ONLY when the UE is also registered also over a 3GPP access, since if the Nwu and N2 instances are released the UE has no connectivity, cannot be paged, and is for all effects deregistered from the network. This is the equivalent to an implicit deregistration
· It is clarified that the MICO mode applies only to a 3GPP access, since to all effects the UE always operates in MICO mode for the non-3GPP access in terms of signalling over the non-3GPP access.
2
Proposal

It is proposed to adopt the following in TS 23.501. 

* * * * First Change * * * *
4.2.7
Support of non-3GPP access

Editor's note:
This should include non-roaming and roaming reference architecture for support of non-3GPP access. To start with, Rel-15 will include support for untrusted access.

4.2.7.1
General Concepts to Support Non-3GPP Access

The 5G core network supports the connectivity of the UE via non-3GPP access networks, e.g. WLAN access.

Only the support of non-3GPP access networks deployed outside the 5G-RAN (referred to as "standalone" non-3GPP accesses) is described in this clause.

In this release of specification, 5G core network only supports untrusted non-3GPP accesses.

The N2 and N3 reference points are used to connect standalone non-3GPP accesses to 5G core network control-plane functions and user-plane functions respectively.

A UE that accesses the 5G core network over a standalone non-3GPP access shall, after UE attachment, support NAS signalling with 5G core network control-plane functions using the N1 reference point.

When a UE is connected via a 5G-RAN and via standalone non-3GPP accesses, multiple N1 instances shall exist for the UE i.e. there shall be one N1 instance over 5G-RAN and one N1 instance over non-3GPP access.
A UE simultaneously connected to the same 5G core network of a PLMN over 3GPP access and non-3GPP access shall be served by a single AMF if the selected N3IWF is located in the same PLMN as the 3GPP access.
When a UE is connected to a 3GPP access of a PLMN, if the UE selects the N3IWF and the N3IWF is located in a PLMN different from the PLMN of the 3GPP access, e.g. a different VPLMN or the HPLMN, the UE is served separately by the two PLMNs. The UE is registered with two separate AMFs. PDU sessions over the 3GPP access are served by V-SMFs different from the V-SMF serving the PDU sessions over the non-3GPP access.

The PLMN selection for the 3GPP access does not depend on the N3IWF selection. If a UE is registered over a non-3GPP, the UE performs PLMN selection for the 3GPP access independently of the PLMN to which the N3IWF belongs.

Non-3GPP access networks shall be connected to the 5G core network via a Non-3GPP InterWorking Function (N3IWF). The N3IWF interfaces to 5G core network control-plane functions and user-plane functions via N2 interface and N3 interface, respectively.

A UE shall establish an IPSec tunnel with the N3IWF to attach to the 5G core network over untrusted non-3GPP access. The UE shall be authenticated by and attached to the 5G core network during the IPSec tunnel establishment procedure. Further details for UE attachment to 5G core network over untrusted non-3GPP access are described in 4.12.2 in TS 23.502 [3].

Editor's note:
it is FFS whether the UE attaches to non-3GPP access without establishing any PDU sessions, or if the UE always performs an attach with a PDU session establishment.

It shall be possible to maintain the UE signalling connection with the AMF after all the PDU sessions for the UE over the non-3GPP access have been released or handed over to 3GPP access.
N1 NAS signalling over standalone non-3GPP accesses shall be protected with the same security mechanism applied for N1 over a 3GPP access.

Editor's note:
Name of N3IWF may need to be changed.
Editor's note:
How QoS is supported via the N3IWF and untrusted non-3GPP accesses is FFS.
* * * * Next Change * * * *
5.3
Registration and Connection Management

5.3.1
General

The Registration Management is used to register or de-register 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 (mobility registration update); or
-
to update its capabilities or re-negotiate protocol parameters.
The registration management procedures are applicable over both 3GPP access and non 3GPP access.
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 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 rregistration 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).
In the RM-DEREGISTERED state, 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 (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:

-
When MO signaling is allowed (see clause 5.3.4.3), perform mobility Registration Update procedure if the current TA I 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 5GC that the UE is still active.

-
perform a 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 the UE at any time.

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

In the RM-REGISTERED state, 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, 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 after Implicit Deregistration;

-
when applicable, accept or reject Registration Updates from the UE. The AMF may reject a UE registration upon rejecting a Registration Update from the UE;

-
when applicable, reject a UE registration by sending a Registration Reject message to the UE. The actions of the AMF upon the 'cause value' in the Registration Reject message. See TS 23.502 [3] clause 4.2.2.

Editor's note:
The detailed condition for the network to start the implicit Deregistration timer is FFS.

Editor's note:
The detailed condition of implicit Deregistration is FFS.

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

Editor's note:
More transition case (e.g. Handover from/to EPS) will be added upon discussion result on Interworking.

5.3.2.3
Registration Area management

Registration Area management comprises the functions to allocate and reallocate a Tracking Area Identity List to a UE. All the tracking areas in a TAI List to which a UE is registered are served by the same serving AMF.
When a UE registers with the network, 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 5.3.4.1)).

The 5G system shall support allocating a TAI List over different 5G-RATs in a single TAI List.
5.3.2.4
Support of an UE registered over both 3GPP and Non 3GPP access

For a given serving PLMN there is one RM context for an UE even though the UE may be consecutively or simultaneously served by a 3GPP access and a Non 3GPP access (N3IWF) of this PLMN.

An AMF associates the RM context for an UE with:

-
a Temporary Identifier that is common between 3GPP and Non 3GPP. This Temporary Identifier is globally unique.

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

Editor's note:
It is FFS where it is possible to define an Unique registration state applying to both 3GPP access and Non 3GPP access.
-
a registration areas per access type: one registration area for 3GPP access and another registration areas for non 3GPP access.

-
A registration timer for 3GPP access.

Editor's note:
It is FFS whether a registration timer is used for the registration over Non 3GPP access

Registration areas for the 3GPP access and the non-3GPP access are independent. The registration area for 3GPP access corresponds to a TA list. The registration area for Non 3GPP access corresponds to.a unique reserved TA value (i.e. dedicated to non 3GPP access). There is thus an unique Tracking Area for the non 3GPP access to 5GC.


A UE shall not perform periodic registration update over a non-3GPP access.
The AMF assigns a single Temporary Identifier to the UE. The Temporary Identifier is assigned upon the first successful registration of the UE, and is valid over any of both 3GPP and Non 3GPP access for the UE. Upon performing a Registration procedure over the non-3GPP access or the 3GPP access, the UE provides the temporary ID it has received in earlier successful registration over any access. This enables the AN to select an AMF that maintains the UE context created at the first registration procedure, and enables the AMF to correlate the registration request to the existing UE context. The temporary identifier may be re-assigned over any of the 3GPP and Non 3GPP access.
When a UE Temporary Identifier 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 Temporary Identifier 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 Temporary Identifier 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 Temporary Identifier may not be valid for NAS procedures over the non-3GPP access and during a registration procedure over the 3GPP access an AMF relocation is needed.

The deregistration request may be associated with an indication of whether it applies only to the access on which the de-registration procedure is run or to all accesses of the UE (3GPP and Non 3GPP access).
Registration Management over Non 3GPP access is further defined in clause 5.5.2.

* * * * Next 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 (e.g. RRC connection over 3GPP 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 that reflect the NAS signalling connectivity of the UE with the AMF:

-
CM-IDLE

-
CM-CONNECTED

5.3.3.2.2
CM-IDLE state

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

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

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

-
if not in MO-only mode, respond to paging, if received, by performing a service request procedure (see TS 23.502 [3] clause 4.2.3.2);

-
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).
-
enter CM-CONNECTED state whenever an AN signalling connection is established between the UE and the AN (e.g. entering RRC Connected state over 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:

-
if a UE is not in MO-only mode, perform a network triggered service request procedure when it has signaling 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).
-
enter CM-CONNECTED 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 sub-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.
Editor's note:
Whether an RRC connection for the UE in CM-CONNECTED state always exists or not depends on the conclusion on "RAN level paging" feature.
In the CM-CONNECTED state, the UE shall:

-
enter CM-IDLE state whenever the AN signaling connection is released (e.g. entering RRC Idle state over 3GPP access), see TS 37.nnn.

In the CM-CONNECTED state, the AMF shall:

-
enter CM-IDLE state whenever the N2 signaling 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, after which the state at both the UE and 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.

5.3.3.2.4
5GS Connection Management State models

[image: image3.emf] 

CM - CONNECTED  

AN   s ignaling  c onnection  established   ( Initial NAS message )  

AN   s ignaling  c onnection  released  

CM - IDLE  


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 gets CM-IDLE over an access, the UP connection of the PDU sessions that were active on this access gets inactive.
NOTE:
The activation of UP connection of PDU sessions is documented in clause 5.6.8.
* * * * Next Change * * * *
5.5
Non-3GPP access specific aspects

5.5.1
General

When the UE is successfully registered to an access (e.g. a 3GPP access or a non-3GPP access respectively) and the UE registers to a second access:

-
if the second access is located in the same PLMN (e.g. the UE is registered to a 3GPP access and selects a N3IWF located in the same PLMN), the UE shall use for the registration to the new access the Temporary UE identifier that the UE was provided at the first registration.
-
if the second access is located in a PLMN different from the PLMN of the first access (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 not use for the registration to the new access the Temporary UE identifier that the UE was provided at the first registration.

5.5.2
Registration Management


For an UE that is registered over non 3GPP access, a change of point of attachment (e.g. change of WLAN AP) shall not lead the UE to perform a registration update procedure.
A UE shall not provide 3GPP-specific parameters (e.g. indicate a preference for MICO mode) during initial registration or registration update over a non-3GPP access. 

5.5.3
Connection Management


In case of Untrusted Non 3GPP access to 5G Core the release of the Nwu signalling connection between the UE and the N3IWF is interpreted

-
By the UE as a criteria to go to CM-IDLE state for the Non 3GPP access.
-
By the N3IWF as a criteria to release the N2 connection.
In case of Untrusted Non 3GPP access to the 5G Core, when the AMF releases the N2 interface, the N3IWF shall release all the resources associated with the UE including the NWu connection with the UE. When the N2 signalling connection is released, the UE state in the AMF for the non-3GPP access is CM-IDLE.
An UE cannot be paged on Untrusted Non 3GPP access.
* * * * Next Change * * * *
5.6.2
Interaction between AMF and SMF
The AMF and SMF are separate Network Functions.

N1 related interaction is as follows:

-
A single N1 NAS connection is used for each access to which the UE is connected 
-
A single N1 NAS connection is used for both Registration Management and Connection Management (RM/CM) and for SM-related messages and procedures for a UE. The single N1 termination point is located in AMF. The AMF forwards SM related NAS information to the SMF. Further SM NAS exchanges (e.g. SM NAS message responses) for N1 NAS signalling received by the AMF over an access (e.g. 3GPP access or non-3GPP access) are transported over the same access.
-
When an UE is served by a single AMF while the UE is connected over multiple (3GPP/Non 3GPP) accesses, there is a N1 NAS connection per access. In that case the serving PLMN  ensures that for N1 NAS signalling received by the AMF over an access (e.g. 3GPP access or non-3GPP access) further SM NAS exchanges (e.g. SM NAS message responses) are  transported over the same access.

-
AMF handles the Registration Management and Connection Management part of NAS signalling exchanged with the UE. SMF handles the Session management part of NAS signalling exchanged with the UE.

-
RM/CM NAS messages and SM NAS messages and the corresponding procedures are decoupled, so that the NAS routing capabilities inside AMF can easily know if one NAS message should be routed to a SMF, or locally processed in the AMF. It is possible to transmit an SM NAS message together with an RM/CM NAS message.

NOTE:
Whether this implies encapsulating the SM NAS message in an RM/CM NAS message or not is FFS and should be defined at stage 3.

-
AMF can decide whether to accept the RM/CM part of a NAS request without being aware of the possibly concatenated SM part of the same NAS signalling contents.

-
When a SMF has been selected to serve a specific PDU session, AMF has to ensure that all NAS signaling related with this PDU session is handled by the same SMF instance.

-
The SMF indicates to AMF when a PDU session has been released.

-
Upon successful PDU session establishment, AMF stores the identification of serving SMF of UE and SMF stores the identification of serving AMF of UE.

Editor's note:
this text may have to be revisited when further progress has been made on the non stickyness topic.

N2 related interaction is as follows:

-
N2 signalling related with UE is terminated in the AMF i.e. there is a unique N2 termination for a given UE regardless of the number of PDU sessions (possibly zero) of a UE.

-
Some N2 signalling (such as Handover related signalling) may require the action of both AMF and SMF. In such case, the AMF is responsible to ensure the coordination between AMF and SMF.

N3 related interaction is as follows:

-
In case of UE having multiple established PDU sessions using multiple UPFs, the SMF supports the independent activation of UE-CN user plane connection per PDU session.

N4 related interaction is as follows:

-
The SMF(s) supports the end-to-end control functions on PDU sessions (including any N4 interface to control the UPF(s)).

-
When it is made aware by the UPF that some DL data has arrived for a UE without downlink N3 tunnel information, the SMF interacts with the AMF. If the UE is in CM_IDLE state the AMF may trigger UE paging from the AN (depending on the type of AN).

Editor's note:
Precise details of the interaction for paging depend on the definition of paging mechanisms for the NextGen system. Interaction with power saving states is also FFS.
* * * * End of Changes * * * *
3GPP
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