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1
Introduction

In the SAE agenda for SA2#53, the grouping and functional allocations of MME, UPE and inter AS anchor are listed. This furthermore includes intra LTE, inter MME/UPE mobility. This contribution discusses the inter MME/UPE mobility in LTE_IDLE state and provides a solution for the TR.
This contribution assumes that MME and UPE can be separated with an open interface between them.
2
Discussion

MME mobility

As agreed earlier, there will be a flex like S1-interface between BS and MME. The details are expected to be agreed on SA2 and RAN3.
In case of big networks and long-lasting attachments, it might not be feasible to keep the connection towards the Core Network control point during the entire lifetime of UE attachment. When a UE during time of its attachment moves far away from the original location, it would be more optimal to allow MME to be changed. In this case, the new MME would be selected from a different pool than the current one. Furthermore, there might be a need to change the control node (MME) due to current MME failure, congestion or load balancing. In these cases the new MME would be selected from the same pool as the previous one.

Iu/A/Gb-flex interface has been introduced on Release 5. This describes clear pool areas into which the CN nodes belong to. Similar principles could be designed for SAE as well, but possibly in a less mandating way, so that pool area configuration can be only guiding the possible reselection of MME, i.e. all BSs would be able to serve all MMEs as well.
It should, however, be highlighted that when the configuration of flex-S1 is done in a proper way with pool areas big enough, MME change or relocation should be rare. It is also noted that on SAE/LTE, frequent moving between LTE-IDLE and LTE-ACTIVE is expected and users are not assumed to be staying on LTE-ACTIVE for a long period, so MME changes on LTE-IDLE state are expected to be slightly more common that MME relocations on LTE-ACTIVE mode.

In addition to idle mode MME change described in this contribution, MME relocation in active mode is also proposed [S2-062263].
UPE mobility
In this contribution, UPE is referred to as LTE specific anchor, not including 3GPP anchor functionality.

Relocating UPE in active mode would be challenging, as the PDCP endpoint would have to be moved in a synchronised way from the old UPE to the new one. For that kind of a handover to be efficient, an interface between UPEs would be required. Buffering and forwarding of the data traffic would be needed, and the relocation of the PDCP endpoints would need to be synchronised between the old and the new element, also suspending the traffic for a while until the new endpoint is ready. This is why it is proposed that the UPE is only changed in idle mode, as it then can be performed in a simple way.
3
Proposal

It is proposed to add another solution to chapter 7.7:
**** Start 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 1:
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 2:
It is FFS whether inter MME mobility is done with a context transfer (relocation) or a re-attach based scheme.

NOTE 3:
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, and old Tracking area Identity.

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

7.7.2.3.1 Alternative A

This solution describes a case in which MME and UPE are combined to one element. The information flow below depicts inter-MME/UPE mobility with context transfer between combined MME/UPE 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.

7.7.2.3.1 Alternative B
This solution describes a case in which MME and UPE are separate entities and an open interface is defined between them. Thus, MME mobility is considered independently of UPE mobility and vice versa. MME and UPE mobility can be performed based on different criteria.
The information flow below depicts inter-MME mobility with context transfer between separate MME entities. 
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Figure 7.7-3: Information flow for Intra LTE-Access-System MME change in idle state 

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 to the new MME.

3)
The new MME derives an address of the UE's old MME based on the parameters sent by the UE, and requests the UE context from the old MME. The new MME sends the UE parameters to the old MME.

4)
The old MME sends the UE context to the new MME. 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.

6)
The new MME updates its address to the UPE.

7)
The new MME updates its address to the 3GPP Anchor.
8)
The new MME derives from the permanent user identity an HSS address and registers itself as the MME serving the user at the HSS.

9)
The HSS deletes the UE context in the old MME.

10)
The HSS confirms the registration of the new MME.

11)
The new MME confirms the UE's network registration and allocates a new temporary identity to the UE.

The information flow below depicts inter-UPE mobility in idle state. The MME can initiate UPE change procedure in idle state at any time, e.g. after Tracking Area Updated procedure (that may include MME change). The MME can utilise an external server for decision making about the suitable time and the new UPE to be selected.
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1)
MME initiates UPE change procedure. The MME commands the selected new UPE to create user plane tunnel towards the 3GPP anchor (e.g. to allocate the tunnel endpoint id). 

2)
New UPE confirms the tunnel creation and provides the tunnel endpoint information.

3)
MME commands the 3GPP Anchor to create tunnel towards the new UPE and provides the tunnel endpoint id in UPE and new UPE address to 3GPP Anchor.

4)
3GPP Anchor confirms the creation of tunnel.

5)
MME commands the Old UPE to delete the old tunnel information.

6)
Old UPE confirms the deletion of the tunnel.
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.

**** End of changes ****
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