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1. Introduction
This p-CR is to introduce the 5G mobility management (MM) sublayer state machines for the UE and the network over 3GPP access or non-3GPP access separately.
2. Reason for Change
5GS architecture is defined with a converged access-agnostic core network with a common AN - CN interface (i.e. N1 interface) which integrates different 3GPP and non-3GPP access types. A UE registered over both 3GPP and non-3GPP access to 5GS is supported.
Even a common N1 interfacce logic is applied for both access types, but it is designed to have separate N1 interfaces and independent N1 singalling connections for 3GPP access and non-3GPP access respectively. In stage 2 it was specified (TS 23.501 v0.4.0):
"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 a Non3GPP access (N3IWF) of this PLMN.

An AMF associates multiple access-specific RM context for an UE with:

…
-
a registration state per access type (3GPP / Non-3GPP)"
From the stage 3 protocol design perspective, it is quite simpler and clearer to denfine two separate 5G MM sublayer state machines for 3GPP access or non-3GPP access separately. It is proposed to name it "5G MM states" rather than to use the same terminology "5G RM states" used in stage 2 due to from a stage 3 protocol perspective, the RM is an NAS procedure performed over MM sublayer of the UE and the AMF.
2.1 5G MM state over 3GPP access

For 3GPP access, following the same principle of EMM state machines defined for EPS, for per UE, different 5G MM states are defined at the UE side and the network side.
Below actions are observed which impact the 5G MM state at the UE and the network, and the state transistion:

· UE powers-on/off;
· The 5GS services is enabled/disabled (i.e."N1 mode" is enabled/disabled);

· Initial Registration;

· Non-initial Registration (including normal Regstriation Update and periodic Regstriation Update);
· Service Request;
· Deregistration (including UE initiated, network initiated and local deregistration);
· Common procedures (network initiated, UE initiated is FFS).
Based on above actions, five 5G MM main states can be defined at the UE side as:
· 5G MM-NULL;

· 5G MM-DEREGISTERED;
· 5G MM-REGISTERED-INITIATED;

· 5G MM-REGISTERED;

· 5G MM-DEREGISTERED-INITIATED.
And four 5G MM main states can be defined at the network side as:

· 5G MM-DEREGISTERED;
· 5G MM-REGISTERED;

· 5G MM-DEREGISTERED-INITIATED;
· 5G MM-COMMON-PROCEDURE-INITIATED.
2.2 5G MM state over non-3GPP access

For non-3GPP access, the same actions can be observed as 3GPP access except the non-initial Registration (including normal Regstriation Update and periodic Regstriation Update) and the Service Request for which they are FFS in stage 2. Hence an Editorial Note was added for this.
3. Conclusions

From the stage 3 protocol design perspective, it is quite simpler and clearer to denfine two separate 5G MM sublayer state machines for 3GPP access or non-3GPP access separately. It is proposed to name it "5G MM states" rather than to use the same terminology "5G RM states" used in stage 2 due to from a stage 3 protocol perspective, the RM is an NAS procedure performed over MM sublayer of the UE and the AMF.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 24.890 V0.1.0.
* * * First Change * * * *

7.1.3
5G MM sublayer states
7.1.3.1
General

In the following subclauses, the 5G mobility management (MM) sublayer of the UE and the network is described by means of different state machines. The 5G MM sublayer states is managed per access type independently, i.e., 3GPP access or non-3GPP access. In subclause 7.1.3.2, the states of the 5G MM sublayer over 3GPP access are introduced. The states of the 5G MM sublayer over non-3GPP access are described in subclause 7.1.3.3.

7.1.3.2
5G MM sublayer states over 3GPP access
7.1.3.2.1
General

In the following subclauses, the possible 5G MM sublayer states over 3GPP access are described. In subclause 7.1.3.2.2, the states of the 5G MM sublayer in the UE are introduced. The states for the network side are described in subclause 7.1.3.2.3.
7.1.3.2.2
5G MM sublayer states in the UE

7.1.3.2.2.1
General

In the following subclauses, the possible 5G MM sublayer states of the UE are described. 
Editor's note:
The substates of the main states and the detailed behaviour of the UE in the single states and substates are FFS.
7.1.3.2.2.2
Main states

7.1.3.2.2.2.1
5G MM-NULL

5G services are disabled in the UE. No 5G mobility management function shall be performed in this state. 

7.1.3.2.2.2.2
5G MM-DEREGISTERED

In the state 5G MM-DEREGISTERED, no 5G MM context has been established and the UE location is unknown to the network and hence it is unreachable by a network. In order to establish a 5G MM context, the UE shall start the initial registration procedure.

7.1.3.2.2.2.3
5G MM-REGISTERED-INITIATED

A UE enters the state 5G MM-REGISTERED-INITIATED after it has started the initial registration procedure, the non-initial registration procedure (including the normal regstriation update and periodic regstriation update) or the service request procedure and is waiting for a response from the network.

7.1.3.2.2.2.4
5G MM-REGISTERED

In the state 5G MM-REGISTERED, a 5G MM context has been established. Additionally, one or more PDU session context(s) may be activated at the UE. The UE may initiate the non-initial registration procedure (including the normal regstriation update and periodic regstriation update) and the service request procedure.
7.1.3.2.2.2.5
5G MM-DEREGISTERED-INITIATED

A UE enters the state 5G MM-DEREGISTERED-INITIATED after it has requested release of the 5G MM context by starting the deregistration procedure and is waiting for a response from the network.
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NOTE:
Not all possible transitions are shown in this figure.

Editor's note:
The fatal causes and non-fatal causes used in the 5G MM procedure are FFS.
Figure 7.1.3.2.2.2.5.1: 5G MM main states in the UE (3GPP access)
7.1.3.2.3
5G MM sublayer states in the network

7.1.3.2.3.1
General

In the following subclauses, the possible 5G MM sublayer states of the network are described.
Editor's note:
The detailed behaviour of the network in the single states is FFS.
7.1.3.2.3.2
5G MM-DEREGISTERED

In the state 5G MM-DEREGISTERED, no 5G MM context has been established or the 5G MM context is marked as deregistered. The UE is deregistered. The network may answer to an initial registration procedure initiated by the UE. The network may also answer to a deregistration procedure initiated by the UE.
7.1.3.2.3.3
5G MM-COMMON-PROCEDURE-INITIATED

The network enters the state 5G MM-COMMON-PROCEDURE-INITIATED, after it has started a common 5G MM procedure and is waiting for a response from the UE.
7.1.3.2.3.4
5G MM-REGISTERED

In the state 5G MM-REGISTERED, a 5G MM context has been established. Additionally, one or more PDU session context(s) may be activated at the network.

7.1.3.2.3.5
5G MM-DEREGISTERED-INITIATED

The network enters the state 5G MM-DEREGISTERED-INITIATED after it has started a deregistration procedure and is waiting for a response from the UE.
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NOTE:
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Editor's note:
The fatal causes and non-fatal causes used in the 5G MM procedure are FFS.
Figure 7.1.3.2.3.5.1: 5G MM main states in the network (3GPP access)






* * * Next Change * * * *

7.1.3.3
5G MM sublayer states over non-3GPP access
7.1.3.3.1
General

In the following subclauses, the possible 5G MM sublayer states over non-3GPP access are described. In subclause 7.1.3.3.2, the states of the 5G MM sublayer in the UE are introduced. The states for the network side are described in subclause 7.1.3.3.3.
Editor's note:
Whether the non-initial registration procedure and service request procedure need to be performed over non-3GPP is FFS.
7.1.3.3.2
5G MM sublayer states in the UE

7.1.3.3.2.1
General

In the following subclauses, the possible 5G MM sublayer states of the UE are described. 
Editor's note:
The substates of the main states and the detailed behaviour of the UE in the single states and substates are FFS.
7.1.3.3.2.2
Main states

7.1.3.3.2.2.1
5G MM-NULL

5G services are disabled in the UE. No 5G mobility management function shall be performed in this state. 

7.1.3.3.2.2.2
5G MM-DEREGISTERED

In the state 5G MM-DEREGISTERED, no 5G MM context has been established and the UE location is unknown to the network and hence it is unreachable by a network. In order to establish a 5G MM context, the UE shall start the initial registration procedure.

7.1.3.3.2.2.3
5G MM-REGISTERED-INITIATED

A UE enters the state 5G MM-REGISTERED-INITIATED after it has started the initial registration procedure and is waiting for a response from the network.

7.1.3.3.2.2.4
5G MM-REGISTERED

In the state 5G MM-REGISTERED, a 5G MM context has been established. Additionally, one or more PDU session context(s) may be activated at the UE.

7.1.3.3.2.2.5
5G MM-DEREGISTERED-INITIATED

A UE enters the state 5G MM-DEREGISTERED-INITIATED after it has requested release of the 5G MM context by starting the deregistration procedure and is waiting for a response from the network.
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Figure 7.1.3.3.2.2.5.1: 5G MM main states in the UE (non-3GPP access)
7.1.3.3.3
5G MM sublayer states in the network

7.1.3.3.3.1
General

In the following subclauses, the possible 5G MM sublayer states of the network are described.
Editor's note:
The detailed behaviour of the network in the single states is FFS.
7.1.3.3.3.2
5G MM-DEREGISTERED

In the state 5G MM-DEREGISTERED, no 5G MM context has been established or the 5G MM context is marked as deregistered. The UE is deregistered. The network may answer to an initial registration procedure initiated by the UE. The network may also answer to a deregistration procedure initiated by the UE.
7.1.3.3.3.3
5G MM-COMMON-PROCEDURE-INITIATED

The network enters the state 5G MM-COMMON-PROCEDURE-INITIATED, after it has started a common 5G MM procedure and is waiting for a response from the UE.

7.1.3.3.3.4
5G MM-REGISTERED

In the state 5G MM-REGISTERED, a 5G MM context has been established. Additionally, one or more PDU session context(s) may be activated at the network.

7.1.3.3.3.5
5G MM-DEREGISTERED-INITIATED

The network enters the state 5G MM-DEREGISTERED-INITIATED after it has started a deregistration procedure and is waiting for a response from the UE.
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NOTE:
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Editor's note:
The fatal causes and non-fatal causes used in the 5G MM procedure are FFS.
Figure 7.1.3.3.3.5.1: 5G MM main states in the network (non-3GPP access)
* * * End of Change * * * *
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