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This contribution proposes to include the definition of LTE-MM states and state transient in TS 23.401.
1. Introduction
Although LTE-MM states were extensively discussed during the study phase of SAE, the outcome of the discussion has not been well captured in TS 23.401. This contribution proposes to include the updated definition and state transient of LTE-MM states. 

2. Discussion
2.1 Current text in 3GPP specification

Currently, LTE MM-states are described in the Annex C of TR23.882 and the Annex A of TS36.300. Both descriptions are out-dated and fail to reflect the latest understanding. 

The following is the excerption of the Annex A of TS36.300v800 about the LTE-MM states.

************** Start of Quotation *************

A.2
NAS protocol states & state transitions

The NAS control protocol uses the following states:

-
LTE_DETACHED:

-
No RRC entity.

-
LTE_IDLE:

-
RRC_IDLE State;

-
Some information is stored in the UE and in the network:

- 
IP address, etc;

-
Security association (keys, etc);

-
UE capability information (FFS);

-
Radio Bearers (FFS);

-
State transition decided in eNB or EPC (FFS);

-
LTE_ACTIVE:

-
RRC_CONNECTED State;

-
State transition decided in eNB or EPC (FFS);

The following figure reflects how the NAS states relate to the RRC:
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LTE_DETACHED

RRC: NULL

RRC Context in network:

-Does not exist

Allocated UE-Id(s):

-IMSI

UE position:

-Not known by network

Mobility

-PLMN/Cell selection

DL/UL activity:

-None

LTE_ACTIVE

RRC: RRC_CONNECTED

RRC Context in network:

-Includes all information necessary for

communication

Allocated UE-Id(s): 

-IMSI

-ID unique in Tracking Area (TA-ID)

-ID unique in cell (C-RNTI)

-1 or more IP addresses

UE position: 

-Known by network at cell level

Mobility:

-Handover

DL/UL activity: 

-UE may be configured with DRX/DTX

periods

LTE_IDLE

RRC: RRC_IDLE

Context in network:

-Includes information to enable fast

transition to LTE_ACTIVE (e.g.

security key information)

Allocated UE-Id(s): 

-IMSI 

-ID unique in Tracking Area (TA-ID)

-1 or more IP addresses

UE position:

-Known by network at Tracking Area

(TA) level

Mobility:

-Cell reselection

DL activity: 

-UE is configured with DRX period

Perform “Registration”

-Allocate C-RNTI, TA-ID, IP addr

-Perform Authentication

-Establish security relation

Change of PLMN/deregistration

-DeallocateC-RNTI, TA-ID, IP address

New traffic

-Allocate C-RNTI

Inactivity

-Release C-RNTI

-Allocate DRX for PCH

Timeout of periodic TA-update

-DeallocateTA-ID, IP address


Figure A.2: E-UTRAN RRC protocol states

NOTE:
The applicability of the ID unique in Tracking Area (TAID) in LTE_DETACHED is FFS.

The UE context in the EPC will discriminate the 3 states. The UE context in the eNB will only exist in the LTE_ACTIVE state.

************** End of Quotation *************

Note that there is no definition of the LTE-MM states in TS23.401, although they are extensively used to describe the mobility management scheme. 
The term ‘LTE’ and ‘SAE’ are not supposed to be used in the specification any more. So it would be preferable not to use ‘LTE_xxxx’ to define the mobility management state in 23.401. We propose it to use ‘EMM-states’ and ‘EMM-xxxx’.
2.2 Defining EMM states

EMM-DETACHED

In the EMM‑DETACHED state, there is no communication between the UE and the MME. The EMM context in MME holds no valid location or routeing information for the UE. The UE’s EMM state machine does not react on system information related to the MME. The UE is not reachable by a MME, as the UE location is not known.

In order to establish EMM contexts in the UE and the MME and to establish a signalling connection between the UE and the MME, the UE performs the Attach procedure. After the signalling connection is established between the UE and the MME, the state changes to EMM-ACTIVE in the UE and in the MME. The signalling connection is made up of two parts: an RRC connection and an S1_MME connection.
Some UE context can be still stored in the UE and MME, e.g. to avoid running an AKA procedure during every Attach procedure.
EMM-IDLE
In EMM-IDLE state, the UE location is known in the MME with an accuracy of a tracking area. Paging is needed in order to reach the UE. The UE and MME have established EMM contexts.
Mobility of UE is handled by UE initiated cell reselection. The UE perform a tracking area update if the TA changes. Signalling towards the HSS is needed if the MME does not have an EMM context for this UE.

There is no UE context in E-UTRAN for the UE in the EMM-IDLE mode. There is no S1_MME and S1_U connection for the UE in the EMM-IDLE mode.
The UE and MME enter the EMM-ACTIVE state when the signalling connection is established between the UE and the MME.
Detach procedure changes the state to EMM-DETACHED. The MME may perform an implicit detach any time after the MS reachable timer expiry. The MME may delete the UE's EMM context, preferably after a certain (implementation dependent) time. The HSS may be informed about the deletion (see clause "Purge Function").

EMM-ACTIVE
The UE location is known in the MME with an accuracy of a serving eNodeB. The mobility of UE is handled by the handover procedure. The UE performs the tracking area update procedure when TAI in the EMM system information changes. 
For a UE in the EMM-ACTIVE state, there is a signalling connection between the UE and the MME. The signalling connection is made up of two parts: an RRC connection and an S1_MME connection.
The S1 release procedure changes the state at both UE and MME from EMM-ACTIVE to EMM-IDLE.

After a signalling procedure (e.g. tracking area update), the MME may decide to release the signalling connection to the UE, after which the state at both the UE and the MME is changed to EMM-IDLE. 
The Detach procedure changes the state to EMM-DETACHED.

2.3 State transition and functions
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Figure x. EMM state model in UE
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Figure y. EMM state model in MME
Moving From EMM-DETACHED to EMM-ACTIVE

· Attach: The EMM context moves to the EMM-ACTIVE state when a signaling connection is established between the UE and the MME.
Moving From EMM-ACTIVE to EMM-IDLE

· S1_release procedure: The EMM context moves to the EMM-IDLE state when the signalling connection is released.
Moving From EMM-IDLE to EMM-ACTIVE

· Signalling Connection Establishment: The EMM context moves to the EMM-ACTIVE state when the signalling connection is established though e.g. Service request procedure, TAU procedure etc.
Moving From EMM-ACTIVE to EMM-DETACHED

· Detach: The EMM context moves to the EMM-DETACHED state, when the signalling connection is released between the UE and the MME after the UE has performed a detach or after the network-initiated detach is performed

· TAU Reject: The EMM context moves to the EMM-DETACHED state when the signalling connection is released between the UE and the MME after a TAU is rejected by the MME.

· Attach Reject: The EMM context moves to the EMM-DETACHED state when a signalling connection is released between the UE and the MME after an attach is rejected by the MME.

Moving From EMM-IDLE to EMM-DETACHED

· Implicit Detach by the UE: The EMM context in the UE locally moves to the EMM-DETACHED state, e.g. in the case of removal of the battery or the USIM from the UE.

· Implicit Detach by the network: The EMM context in the MME locally moves to the EMM-DETACHED state when the MME has not had communication with the UE for a long period of time.

4. Proposal

We propose to add the following modifications against TS 23.401.
*** Start of 1st modified section ***

4.x
EMM state
4.x.1     Definition of EMM state
EMM-DETACHED

In the EMM‑DETACHED state, there is no communication between the UE and the MME. The EMM context in MME holds no valid location or routeing information for the UE. The UE’s EMM state machine does not react on system information related to the MME. The UE is not reachable by a MME, as the UE location is not known.

In order to establish EMM contexts in the UE and the MME and to establish a signalling connection between the UE and the MME, the UE performs the Attach procedure. After the signalling connection is established between the UE and the MME, the state changes to EMM-ACTIVE in the UE and in the MME. The signalling connection is made up of two parts: an RRC connection and an S1_MME connection.
Some UE context can be still stored in the UE and MME, e.g. to avoid running an AKA procedure during every Attach procedure.
EMM-IDLE
In EMM-IDLE state, the UE location is known in the MME with an accuracy of a tracking area. Paging is needed in order to reach the UE. The UE and MME have established EMM contexts.
Mobility of UE is handled by UE initiated cell reselection. The UE perform a tracking area update if the TA changes. Signalling towards the HSS is needed if the MME does not have an EMM context for this UE.

There is no UE context in E-UTRAN for the UE in the EMM-IDLE mode. There is no S1_MME and S1_U connection for the UE in the EMM-IDLE mode.
The UE and MME enter the EMM-ACTIVE state when the signalling connection is established between the UE and the MME.
Detach procedure changes the state to EMM-DETACHED. The MME may perform an implicit detach any time after the MS reachable timer expiry. The MME may delete the UE's EMM context, preferably after a certain (implementation dependent) time. The HSS may be informed about the deletion (see clause "Purge Function").

EMM-ACTIVE
The UE location is known in the MME with an accuracy of a serving eNodeB. The mobility of UE is handled by the handover procedure. The UE performs the tracking area update procedure when TAI in the EMM system information changes. 
For a UE in the EMM-ACTIVE state, there is a signalling connection between the UE and the MME. The signalling connection is made up of two parts: an RRC connection and an S1_MME connection.
The S1 release procedure changes the state at both UE and MME from EMM-ACTIVE to EMM-IDLE.

After a signalling procedure (e.g. tracking area update), the MME may decide to release the signalling connection to the UE, after which the state at both the UE and the MME is changed to EMM-IDLE. 
The Detach procedure changes the state to EMM-DETACHED.

4.x.2 State transition and functions
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Figure x. EMM state model in UE
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Figure y. EMM state model in MME
Moving From EMM-DETACHED to EMM-ACTIVE

· Attach: The EMM context moves to the EMM-ACTIVE state when a signaling connection is established between the UE and the MME.
Moving From EMM-ACTIVE to EMM-IDLE

· S1_release procedure: The EMM context moves to the EMM-IDLE state when the signalling connection is released.
Moving From EMM-IDLE to EMM-ACTIVE

· Signalling Connection Establishment: The EMM context moves to the EMM-ACTIVE state when the signalling connection is established though e.g. Service request procedure, TAU procedure etc.
Moving From EMM-ACTIVE to EMM-DETACHED

· Detach: The EMM context moves to the EMM-DETACHED state, when the signalling connection is released between the UE and the MME after the UE has performed a detach or after the network-initiated detach is performed

· TAU Reject: The EMM context moves to the EMM-DETACHED state when the signalling connection is released between the UE and the MME after a TAU is rejected by the MME.

· Attach Reject: The EMM context moves to the EMM-DETACHED state when a signalling connection is released between the UE and the MME after an attach is rejected by the MME.

Moving From EMM-IDLE to EMM-DETACHED

· Implicit Detach by the UE: The EMM context in the UE locally moves to the EMM-DETACHED state, e.g. in the case of removal of the battery or the USIM from the UE.

· Implicit Detach by the network: The EMM context in the MME locally moves to the EMM-DETACHED state when the MME has not had communication with the UE for a long period of time.

*** End of 1st addition ***
*** Start of next modified section ***

5.3.3.1
Tracking Area Update procedure with MME and Serving GW change

(Figure omitted)
Figure 5.3.3-1: Tracking Area Update procedure with MME and Serving GW change
1.
The UE detects a change to a new TA by discovering that its current TA is not in the list of TAs that the UE registered with the network.
2.
The UE initiates the TAU procedure by sending a TAU Request (S‑TMSI, old TAI and active flag) message together with an indication of the Selected Network to the eNodeB. The S‑TMSI and the old TAI associated with S‑TMSI shall be included. Selected Network indicates the network that is selected. Active flag is a request by UE to establish the user plane by the TAU procedure when the UE is in EMM-IDLE state.

…
*** End of modification ***
*** Start of next modified section ***

5.3.3.3.2
E-UTRAN to GERAN Routeing Area Update

The E-UTRAN to GERAN Routeing Area Update procedure takes place when a UE that is registered with an MME selects a GERAN cell. In this case, the UE changes to a Routeing Area that the UE has not yet registered with the network.. This procedure is initiated by an idle state UE and may also be initiated if the UE is in Active state. This RA update case is illustrated in Figure 5.3.3.3-2. 

(Figure omitted)
Figure 5.3.3.3-2: E-UTRAN to GERAN A/Gb mode Routeing Area Update
1.
The UE selects a GERAN cell. This cell is in a Routeing Area that is not yet registered with the network.

2a.
The UE sends a Routeing Area Update Request (old RAI, old P-TMSI, UE Network Capability) message to the new 2G‑SGSN. In the information element old RAI the UE indicates one TA from the TA list the UE registered with the network. In the information element old P-TMSI, the UE indicates the S-TMSI that is allocated to the UE.

2b.
The BSS shall add the Cell Global Identity (CGI) of the cell where the UE is located before passing the message to the new 2G-SGSN.

3.
The new 2G-SGSN uses the old TAI and old S-TMSI received from the UE to derive the old MME address, and sends a Context Request (old TAI, old S-TMSI, New SGSN Address) message to the old MME to get the context for the UE. If the UE is not known in the old MME, the old MME responds with an appropriate error cause. If the new 2G‑SGSN indicates that it has authenticated the UE or if the old MME authenticates the UE, the old MME starts a timer.

3b.
If the UE was in EMM-Active state, the source MME sends a Context Request message to the source eNodeB.  The source eNodeB begins buffering downlink packets for forwarding rather than transmitting them to the UE. 
*** End of modification ***
*** Start of next modified section ***

5.3.5
S1 release procedure

This procedure is used for the release of all S1 bearers for a UE, including all S1-U bearers and the S1-MME signaling connection for the UE. This procedure results in the UE state in MME being set to EMM-IDLE and all UE related context information is deleted in the eNodeB. 

*** End of modification ***
*** Start of next modified section ***

5.5.2
Inter RAT handover

5.5.2.1
E-UTRAN to UTRAN Iu mode Inter RAT handover based on PS handover

5.5.2.1.1
General

Pre-conditions:

-
The UE is in EMM-ACTIVE state (E-UTRAN mode).
*** End of modification ***
*** Start of next modified section ***

5.5.2.3
E-UTRAN to GERAN A/Gb mode Inter RAT handover based on PS handover
5.5.2.3.1
General

Pre-conditions:

-
The UE is in EMM-ACTIVE state (E-UTRAN mode).

-
The BSS must support PFM, Packet Flow Management, procedures.

*** End of modification ***
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