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1
Introduction

This document presents the LTE_IDLE state mobility management principles and procedures. This contribution is updated version of S2-060129 contribution: the agreed part (S2-060523) has been removed, and proposals for state transitions are proposed to be added as solution alternatives. Also the discussion part has been updated. The contribution also contains changes to the TR 23.882 that according to the work split between the working groups is the responsibility of the RAN WGs.

2
Discussion

LTE_IDLE state mobility management is functionality performed in LTE_IDLE state. The LTE_IDLE state mobility includes procedures for transitions between LTE_ACTIVE to LTE_IDLE states (that start or stop the LTE_IDLE state mobility management), and procedures that track the UE’s location in LTE_IDLE state (i.e. tracking area updates).

Basic principles of idle mode mobility management are:

· eNBs do not have state or context information related to UEs in LTE_IDLE state. MME and UPE shall store the state and relevant context information related to UEs in LTE_IDLE state.

· eNB makes the decision to move certain UE to LTE_IDLE state (decision criteria FFS), request permission from MME for this transition, and clears all state and context information related to that UE. MME informs UPE about UE’s state transition to LTE_IDLE state.

· It is FFS in whether the MME needs to be able to move the UE to idle state, and how that should be supported to LTE_ACTIVE to LTE_IDLE transition procedure.

· The mobility management of terminals in LTE_IDLE state is performed by MME. In case of tracking area updates, eNB does not process location management signalling, the messages go through eNB transparently to the MME. 

· UE is responsible for initiating tracking area updates in LTE_IDLE state. There are two triggers for UE to make tracking area update:

· UE notices that the tracking area identity broadcasted in the cell where UE is camped has been changed.

· Periodical tracking area update timer in UE expires (this timer is controlled by network).

· In LTE_IDLE state, in case of arriving DL packet, the UPE buffers it, and request paging from MME. eNBs perform radio paging based on request from MME.

· In case of UE Originated LTE_IDLE to LTE_ACTIVE transition, the request is send as RRC message to eNB, the eNB request UE’s RAN context from MME. In the response message, eNB sends eNB specific temporary identity to UE.
3
Proposal

The following changes are proposed to the section 3.1:

**** Start of 1st set of changes ****

3.1
Definitions

For the purposes of the present document, the following terms and definitions [given in ... and the following] apply.

Mobility Management Entity (MME): manages and stores UE context (for idle state: UE/user identities, UE mobility state, user security parameters). It generates temporary identities and allocates them to UEs. It checks the authorization whether the UE may camp on the TA or on the PLMN. It also authenticates the user.

User Plane Entity (UPE): terminates for idle state UEs the downlink data path and triggers/initiates paging when downlink data arrive for the UE. It manages and stores UE contexts, e.g. parameters of the IP bearer service or network internal routing information. It performs replication of the user traffic in case of interception.

It is FFS whether Charging Information for inter-operator accounting is in UPE or in another functional block.

Idle State: is LTE_IDLE for SAE/LTE or PMM_IDLE for 2G/3G or URA_PCH, which is FFS

LTE_DETACHED: The location of the UE is not known in the network (e.g. UE is switched off). 

LTE_IDLE: UE is registered to SAE/LTE system, and the state and relevant part of the user context is stored in the MME/UPE. The location of the UE is tracked on Tracking Area level. There is no state or context in eNB, and no radio resources are assigned.

LTE_ACTIVE: UE is capable of sending/receiving data with very limited access delay. MME/UPE known UE’s location on eNB level, and network performs inter-eNB handovers to support mobility. 

Nomadic Terminal: Terminal that does not have full mobile capabilities but would normally be expected 

to roam between different points of attachment of the network, both wireless and wired.

**** End of 1st set of changes ****

The following changes are proposed to the section 7.7:

**** Start of 2cd set of changes ****

7.7
Key Issue Intra LTE-Access-System Mobility in LTE_IDLE State

7.7.1
Description of Key Issue Intra LTE-Access-System Mobility in LTE_IDLE State

Intra LTE-Access-System Mobility functionality for UEs in LTE_IDLE State maintains the registration of a user/UE and keeps track of the location of the user/UE on Tracking Area base so that mobile originated and mobile terminated packet transfer may be initiated. Furthermore, Intra LTE-Access-System Mobility functionality for UEs in LTE_IDLE State updates within the network any user plane routing and any potential tunnelling information so that data path is established between intersystem mobility anchor and the UPE.

Intra LTE-Access-System Mobility functionality in LTE_IDLE State maintains subscriber identity confidentiality, i.e. temporary user identities are used where necessary.

7.7.2
Solution for key issue Intra LTE-Access-System Mobility in Idle State

7.7.2.1
General

The SAE/LTE Access System has an MME (Mobility Management Entity, it is FFS whether it resides in RAN or CN). Furthermore, the SAE/LTE Access System has a UPE (User Plane Entity). The UE registers with the MME and the UPE.

The MME stores a UE context data like permanent and temporary user identities, mobility state, tracking area etc. The MME can store the UE context for long to allow for detach and reattach with temporary identity (user identity confidentiality). The SAE/LTE system consists of distributed MMEs utilising load sharing/redundancy mechanisms (e.g. similar to Iu-flex) enabling mobility of the UE within a certain geographical area without changing the MME. The SAE/LTE system supports inter-MME mobility. 

The UPE stores UE context data like parameters of the default IP connectivity service and keeps network internal routing information.

The SAE/LTE Access System combines network attach and establishment of default IP connectivity capabilities (always on), i.e. all parameters required for an IP connectivity service with default QoS are allocated for the UE already at attach. In idle state all data transfer resources between UE and network are released and only information for default IP connectivity is stored in the network.

Note: Issues w.r.t. IP address re-assignment for inter-MME/UPE mobility need to be clarified.

User identity confidentiality requires the UE to register with the network using a temporary identity. The temporary identity is resolved to a permanent identity by the old serving MME. 

The routing between UPE and the user-plane anchor is updated, unless the two are co-located. It is the precondition for being able to page the UE when downlink data arrive. And, the home register (e.g. HSS) is updated with registration of the UE at another MME/UPE. These functions are shown in the figure 7.7-1.

Note that it is FFS whether inter MME mobility is done with a context transfer (relocation) or a re-attach based scheme.

Note, that the location of the user plane anchor for intra LTE-Access-System mobility is FFS.
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Figure 7.7-1: Intra LTE-Access-System mobility in LTE_IDLE

7.7.2.2
Mobility in LTE_IDLE State 

The information flow below depicts the mobility in LTE_IDLE State with Tracking Area Registration (when under same MME). 
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Figure 7.7-2: Area Registration

1)
UE sends Tracking Area Registration when the previous Tracking Area is no longer valid or periodical Tracking Area Update timer has expired. The Tracking Area Registration message contains UE’s old temporary identity, old Tracking area Identity and the identity of the MME. 

Editor’s note: The exact list of information elements needed in this message is FFS.

2)
MME responds with Confirm Registration. Confirm Registration contains new Tracking Area Identity, and may also contain a new temporary identity for UE.

7.7.2.3
Intra LTE-Access-System change in idle state with user context transfer 

The information flow below depicts inter-MME/UPE mobility with context transfer between MME/UPE entities. MME and UPE entities on the old and the new side are shown together for simplicity reasons assuming a 1:1 relation between MME and UPE entities. This does not preclude a separation, which would however require the definition of an interface between both entities.
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Figure 7.7-3: Information flow for Intra LTE-Access-System change in idle state with user context transfer

1)
The UE in idle state re-selects an LTE cell.

2)
The cell re-selection triggers an area registration if the UE crossed an Tracking Area boundary. The UE sends its temporary identity and its old tracking area identifying the old MME/UPE to the new MME/UPE.

3)
The new MME/UPE derives an address of the UE’s old MME/UPE from the parameters sent by the UE. The new MME/UPE sends the UE parameters to the old MME/UPE.

4)
The old MME/UPE sends the UE context to the new MME/UPE. The UE context includes a permanent user identity and other information like security and IP connectivity parameters.

5)
The UE may be authenticated in the new MME/UPE.

6)
The new MME/UPE derives from the permanent user identity an HSS address and registers itself as the MME/UPE serving the user at the HSS.

7)
The HSS deletes the UE context in the old MME/UPE.

8)
The HSS confirms the registration of the new MME/UPE.

9)
The new MME/UPE confirms the UE’s network registration and allocates a new temporary identity to the UE.

10)
The new MME/UPE updates the route from the user plane mobility anchor to itself. Mobile terminated packets arrive at the new MME/UPE.

7.7.2.4
Intra LTE-Access-System change in idle state with re-attach

A MME/UPE may trigger a change of MME/UPE while the UE is in LTE-IDLE state using the Network initiated Re-Attachment procedure described in section 7.13.2.

While performing the Re-attachment procedure, the UE shall establish the same bearers as used before reattach and also enough information may be provided to the network to make sure the same Inter-AS Anchor could be selected as the one which was used before re-attach, if it is necessary for the service continuity.

7.7.3
Alternative solutions for state transitions
In this section the alternative solution, where the transition procedures are based on RRC messages between UE and eNB and eNB is communicating with MME with separate protocol, are presented.
7.7.3.1
Transition from LTE_ACTIVE State to LTE_IDLE State 

The information flow below depicts transition from LTE_ACTIVE state to LTE_IDLE state. This transition initiates the LTE_IDLE state mobility management,
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Figure 7.7-2: LTE_ACTIVE to LTE_IDLE Transition

In the figure above, and information flow below, MME and UPE are shown as separate elements. This does not preclude having a combined MME/UPE. In case of a combined MME/UPE, an interface is not required between the two entities, and the messages 2, 7 and 8 can be omitted.

1)
After deciding to move UE to LTE_IDLE state (decision criteria is FFS, could be based e.g. on inactivity time), eNB sends Releases Request to MME. 

2)
If MME accepts the transition to LTE_IDLE state, MME informs UPE about this transition. This allows UPE to start buffering DL data, so that any arriving DL data will not be lost during release procedure.

3)
MME commands the eNB to move the UE to LTE_IDLE state by sending the Release Command.

4) 
eNB sends the Cell Association Release message to UE ordering UE to change to LTE_IDLE state.

5) 
UE confirms the change to LTE_IDLE state by sending the Cell Association Release Conform message to eNB.

6) 
eNB sends Release Complete message to MME. After sending of this message, eNB clears all state and context information related to this UE. 

7) 
MME informs UPE that association release procedure has been successfully completed, and UE is in LTE_ILDE state.

8) 
UPE confirms the change to LTE_IDLE state.

7.7.3.2
UE initiated transition from LTE_IDLE state to LTE_ACTIVE state

The information flow below depicts the UE initiated transition from LTE_IDLE state to LTE_ACTIVE state. 
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Figure 7.7-6: UE Originated LTE_IDLE to LTE_ACTIVE Transition

In the figure above, and information flow below MME and UPE are shown as separate elements. This does not preclude having a combined MME/UPE. In case of a combined MME/UPE, an interface is not required between the two entities, and the messages 3 and 4 can be omitted.

1)
The need to send uplink data triggers UE to send Cell Association Request. The Cell Association Request message contains UE’s temporary identity and the identity of the MME. 

2)
eNB requests UE’s RAN Context from MME.

3)
MME informs UPE about UE’s state change, and request routing information.

4) 
UPE sends the routing information to MME.

5) 
MME transfers the relevant UE RAN Context and routing information to eNB.

6) 
eNB sends Cell Association Establish to UE. After reception of this message UE is in active state, and capable of sending data.

7) 
eNB informs MME that association procedure has been successfully completed, and UE is in LTE_ACTIVE state.

7.7.3.3 
NW initiated transition from LTE_IDLE state to LTE_ACTIVE state (Paging)

The paging is described in separate key issues section 7.14.






7.7.4
Alternative solution


The SAE/LTE Access System has an MME (Mobility Management Entity, it is FFS whether it resides in RAN or CN). Furthermore, the SAE/LTE Access System has a UPE (User Plane Entity). The UE registers with the MME and the UPE.

The MME stores a UE context data like permanent and temporary user identities, mobility state, tracking area etc. The MME can store the UE context for long to allow for detach and reattach with temporary identity (user identity confidentiality). The SAE/LTE system consists of distributed MMEs utilising load sharing/redundancy mechanisms (e.g. similar to Iu-flex) enabling mobility of the UE within a certain geographical area without changing the MME. The SAE/LTE system supports inter-MME mobility. 

The UPE stores UE context data like parameters of the default IP connectivity service and keeps network internal routing information.

The SAE/LTE Access System combines network attach and establishment of default IP connectivity capabilities (always on), i.e. all parameters required for an IP connectivity service with default QoS are allocated for the UE already at attach. In idle state all data transfer resources between UE and network are released and only information for default IP connectivity is stored in the network.

User identity confidentiality requires the UE to register with the network using a temporary identity. The temporary identity is resolved to a permanent identity by the old serving MME. 

A MME/UPE is the first IP hop router for the UE. 
At power on, the UE attaches to a MME/UPE and gets an IP address belonging to the subnet of the user plane anchor node. The user plane anchor node could be colocated with the serving MME/UPE. Otherwise, e.g, for location privacy reasons, the user plane anchor node could be located in the PLMN core.

In order to avoid frequent IP address re-assignments, the UE shall keep the same IP address as long as possible. An edge domain is defined as the area of a PLMN within which the UE can roam without any need to change the (local) IP address. An edge domain could possibly be as large as the whole PLMN.

As long as the UE changes IP subnet or MME/UPE within the same edge domain, the routing between UPE and the user-plane anchor is updated, unless the two are co-located. It is the precondition for being able to page the UE when downlink data arrive. And, the home register (e.g. HSS) is updated with registration of the UE at another MME/UPE. These functions are shown in the figure 7.7-4.

If UE moves to an MME/UPE belonging to a new edge domain, the UE gets a new (local) IP address.

In order to allow IP reachability for a UE moving between different edge domains (e.g. in case the PLMN evolved core is partitioned in more edge domains, or in case of movements across different PLMNs), the (local) IP address needs to be registered towards a fixed anchor (inter-domain mobility anchor). This anchor can be located in the home or in the visited network depending on IP bearer service requirements (i.e. whether the global IP address needs to be assigned by the visited or by the home network).

The role of the inter-domain function is shown in the figure 7.7-5.

Note: a home based inter-domain mobility anchor may be included in the data path in general for all roaming UEs that need to obtain an IP address belonging to the HPLMN.
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Figure 7.7-4: Intra LTE-Access-System mobility in LTE_IDLE (local mobility)
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Figure 7.7-5: Intra LTE-Access-System mobility in LTE_IDLE (global mobility)

7.7.5
Impact on the baseline CN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.7.6
Impact on the baseline RAN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.7.7
Impact on terminals used in the existing architecture
Editors Note: It is FFS whether there is any particular terminal impact.

**** End of 2cd set of changes ****
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