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Introduction

As the 3GPP TR 22.978 [4] describes, it is anticipated that the progression towards an All-IP Network (AIPN) may enable leverage of information technology (IT) Moreover, it is important to ensure compliance with Internet protocols within future developments of the 3GPP system.
In fact, there are many proposals in the passed 3GPP SA2 meeting that the SAE architecture be constructed based on the IP technology in both evolved Radio access network and evolved Packet Core. This contribution studies possible optimization in mobility management leveraging the IP based network in SAE architecture.

Discussion on the key issue

In the current REL-6 architecture, UE mobility is managed by the hierarchical architecture that is composed of Node-Bs, RNCs, SGSNs and a HLR. Since the relationship between a node and the node on the next level up is rigid, except for Iu flex, CN nodes need to be assigned based on the geographical area by which the lower node is covered.

In the SAE architecture, it is highly desirable that each SAE node can be reached via an IP based network so that this allows SAE CN nodes NOT to be selected based on the geographical location of UE.

Figure 1 shows the architectural difference between REL-6 and SAE.
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Figure 1: Topology comparison
The Iu flex concept as described in 3GPP TS 23.236 is applied to SAE mobility management in order to optimize MM signalling in the SAE architecture. All advantages that the Iu Flex concept provides can be applied to the SAE MM in a similar way. The definitions and functions of the SAE MM are described below.

Definitions

· SAE Pool-Area:  A pool area is an area within which a UE may roam without need to change the UPE/MME. A pool area is served by one or more UPE/MMEs. A LTE RAN entity belongs to one pool area only.
· The relationship between an SAE Pool-Area and the tracking area: SAE Pool-Area consists of one or more tracking areas. A Tracking area always belongs to only one SAE Pool-Area. In idle-mode, on crossing a tracking area boundary, the UE always makes a location area update to the LTE-RAN entity. The LTE-RAN entity uses the  SAE Pool-Area to determine if  achange in UPE/MMEs  is needed from the one currently being used.
Functions
· The UPE/MME that serves a SAE pool-area is selected on a per UE basis when the UE attaches to an SAE pool-area at the first time.

· Once selected, the UPE/MME is not changed when the UE moves within the SAE pool-area. This mechanism makes it possible to reduce MM signalling significantly if sufficiently large SAE pool-areas are defined. Ex. Whole operator’s network if operator desires not to have any UPE/MME change at all.

· If an UE traverses its SAE pool-area boundary while in LTE_IDLE mode, a new UPE/MME in the new pool-area is selected. 

· If an UE traverses its SAE pool-area boundary while in LTE_ACTIVE mode, two mobility mechanisms may be provided based on the real-time nature of the communication. The decision of which mode to use is made by the LTE RAN entity. See figure 2 for two communication models to be handled in the SAE architecture.
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Figure 2: Two different terminal models for SAE architecture

· MM for  non real-time communication: A new UPE/MME in the new pool-area is selected in the same way as in LTE_IDLE mode. This type of mobility management is sufficient for terminals without real-time communication requirements. Figure 3 illustrates how MME/UPE is re-selected for UEs with non real-time communication.
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Figure 3: MME/UPE selection for Active UE with non real-time traffic.
· MM for real-time  communication: The original UPE/MME is maintained and connected with the new LTE RAN entity. Only when the UE goes into LTE_IDLE state, a new UPE/MME is selected in the new pool-area. This type of mobility management is suitable for delay sensitive communication (e.g., VoIP) since any perceivable disruption due to MME/UPE reselection is avoided. Figure 4 illustrates how MME/UPE is re-selected for UEs with real-time communication.
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Figure 4: MME/UPE selection for an Active UE with real-time traffic.
· An LTE RAN entity can communicate with an UPE/MME that serves another SAE pool-area. 

Detailed signalling sequence in MM procedures

The following signalling sequences are provided for information for better understanding. There is no intention to discuss these procedures in SA2 meeting. The flows for active-mode will be finalized in RAN2/RAN3.
· Inter pool area HO sequence (LTE-Idle mode)
The following signalling sequence is copied from session 7.7.2.1 in 3GPP TS 23.882 version 0.9.0. The following flow is applicable when the UE enters a tracking-area that belongs to a new SAE Pool-area.
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Figure 5: Inter pool area HO sequence (LTE-Idle mode) 

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.

· Inter pool area HO sequence 1 (Active mode) for data communication terminal

(This procedure is also applied to Inter MME/UPE HO as well.)
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Figure 6: Inter pool area HO sequence 1 (Active mode) for data communication terminal 

1) Measurement Report: UE reports the quality of the candidate cells to Source E-Node B so that E-Node B can decide the appropriate target cell for the handover.
2)  HO decision: Source E-Node B decides the appropriate target cell based on the quality of the candidate cells measured and reported by the UE and resource/processing load in each cell.
3) Context Transfer: Source E-Node B transfers UE Context, e.g. RB info etc., to Target E-Node B.
4) Resource allocation: Target E-Node B allocates and reserves resources for the UE based on the QoS info included in UE Context transferred by Source E-Node B.
5) HO preparation request (Option): Target E-Node B sends the HO preparation request with QoS info to reserve resources between target E-node B and UPE to target MME/UPE.

6) HO preparation confirm (Option): If target MME/UPE succeeded in reserving necessary resources, the MME/UPE informs target E-Node B that the preparation of the handover is complete.

7) Context Transfer response: If target E-Node B succeeded in reserving necessary resources for the UE, target E-Node B informs Source E-Node B that the preparation of the handover is complete.
8) Start packet forwarding: After Source E-Node B is informed by target E-Node B that the preparation of the handover is complete, Source E-Node B starts forwarding user packet that the source E-Node B has sent to the UE but has not received the ACK from the UE and also user packet received from the UPE but has not sent to the UE.
9) RB Reconfiguration: Source E-Node B indicates to the UE to move to the target cell and sends cell specific parameters which are required to communicate with target E-Node B via the target cell.

10) RB set up: The UE synchronise with the target cell.

11) Path set up request: After synchronisation with the target cell, E-Node B sends Path set up Request to target MME/UPE. The MME/UPE executes the path set up by creating routing table for the UE.
12) RB Reconfiguration complete: After the synchronisation with the target cell, the UE indicates to Target E-Node B that the handover to the target cell is complete.

13) Path set up confirm: Target MME/UPE informs Target E-Node B that path set up is complete. 

14) Context Transfer request: Target MME/UPE requests the information of IASA address and QoS parameters for the UE.
15) Context Transfer request response: Source MME/UPE sends the information for the UE to Target MME/UPE.
16) Path switch request: Target MME/UPE sends Path Switch Request to IASA. The IASA executes the path switching by changing the destination address from Source UPE to Target UPE.
17) Path switch confirm: The IASA informs Target MME/UPE that path switching is complete. 

18) Path release: The IASA initiates a path release to Source MME/UPE.

19) Path release Ack: The Source MME/UPE informs the UPE that path release is complete 

20) Path release: The Source MME/UPE initiates a path release to Source E-Node B.

21) Path release Ack: The Source E-Node B informs the UPE that path release is complete.

· Inter pool area HO sequence 2 (Active mode) for delay sensitive terminal

(This procedure is also applied to Intra MME/UPE HO as well.)
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Figure 7: Inter pool area HO sequence 2 (Active mode) for delay sensitive terminal 

1) Measurement Report: UE reports the quality of the candidate cells to Source E-Node B so that E-Node B can decide the appropriate target cell for the handover.
2)  HO decision: Source E-Node B decides the appropriate target cell based on the quality of the candidate cells measured and reported by the UE and resource/processing load in each cell.
3) Context Transfer: Source E-Node B transfers UE Context, e.g. RB info etc., to Target E-Node B.
4) Resource allocation: Target E-Node B allocates and reserves resources for the UE based on the QoS info included in UE Context transferred by Source E-Node B.
5) HO preparation request (Option): Target E-Node B sends the HO preparation request with QoS info to reserve resources between target E-node B and UPE to MME/UPE.

6) HO preparation confirm (Option): If MME/UPE succeeded in reserving necessary resources, the MME/UPE informs target E-Node B that the preparation of the handover is complete.

7) Context Transfer response: If target E-Node B succeeded in reserving necessary resources for the UE, target E-Node B informs Source E-Node B that the preparation of the handover is complete.
8) Start packet forwarding: After Source E-Node B is informed by target E-Node B that the preparation of the handover is complete, Source E-Node B starts forwarding user packet that the source E-Node B has sent to the UE but has not received the ACK from the UE and also user packet received from the UPE but has not sent to the UE.
9) RB Reconfiguration: Source E-Node B indicates to the UE to move to the target cell and sends cell specific parameters which are required to communicate with target E-Node B via the target cell.

10) RB set up: The UE synchronise with the target cell.

11) Path switch request: After synchronisation with the target cell, E-Node B sends Path Switch Request to the MME/UPE. The MME/UPE executes the path switching by changing the destination address from Source E-Node B to Target E-Node B.
12) RB Reconfiguration complete: After the synchronisation with the target cell, the UE indicates to Target E-Node B that the handover to the target cell is complete.

13) Path Switch complete: The MME/UPE informs Target E-Node B that path switching is complete. 

14) Path release: The MME/UPE initiates a path release to Source E-Node B.

15) Path release Ack: The Source E-Node B informs the MME/UPE that path release is complete.

Proposal

It is proposed to add the following text into the TR 23.882 3GPP System Architecture Evolution: Report on Technical Options and Conclusions (Release 7)
-------------------------------------------------------------
7.X
Key Issue Optimized MM
7.X.1
Description of Optimized MM
In the current REL-6 architecture, UE mobility is managed by the hierarchical architecture that is composed of Node-Bs, RNCs, SGSNs and a HLR. Since the relationship between a node and the node on the next level up is rigid, except for Iu flex, CN nodes need to be assigned based on the geographical area by which the lower node is covered.

In the SAE architecture, it is highly desirable that each SAE node can be reached via an IP based network so that this allows SAE CN nodes NOT to be selected based on the geographical location of UE.

Figure 7.X-1 shows the architectural difference between REL-6 and SAE.
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Figure 7.X-1: Topology comparison
7.X.2
Solution for the optimized MM

7.X.2.1
Alternative 1
The Iu flex concept as described in 3GPP TS 23.236 is applied to SAE mobility management in order to optimize MM signalling in the SAE architecture. All advantages that the Iu Flex concept provides can be applied to the SAE MM in a similar way. The definitions and functions of the SAE MM are described below.

Definitions

· SAE Pool-Area:  A pool area is an area within which a UE may roam without need to change the UPE/MME. A pool area is served by one or more UPE/MMEs. A LTE RAN entity belongs to one pool area only.
· The relationship between an SAE Pool-Area and the tracking area: SAE Pool-Area consists of one or more tracking areas. A Tracking area always belongs to only one SAE Pool-Area. In idle-mode, on crossing a tracking area boundary, the UE always makes a location area update to the LTE-RAN entity. The LTE-RAN entity uses the SAE Pool-Area to determine if a change in UPE/MMEs is needed from the one currently being used.

Functions
· The UPE/MME that serves a SAE pool-area is selected on a per UE basis when the UE attaches to an SAE pool-area at the first time.

· Once selected, the UPE/MME is not changed when the UE moves within the SAE pool-area. This mechanism makes it possible to reduce MM signalling significantly if sufficiently large SAE pool-areas are defined. Ex. Whole operator’s network if operator desires not to have any UPE/MME change at all.

· If an UE traverses its SAE pool-area boundary while in LTE_IDLE mode, a new UPE/MME in the new pool-area is selected. 

If an UE traverses its SAE pool-area boundary while in LTE_ACTIVE mode, two mobility mechanisms may be provided based on the real-time nature of the communication. The decision of which mode to use is made by the LTE RAN entity.. 
· MM for non-real time communications: A new UPE/MME in the new pool-area is selected in the same way as in LTE_IDLE mode. This type of mobility management is sufficient for terminals without real-time communication requirements. Figure 7.X-2 illustrates how MME/UPE is re-selected for UEs with non-real time communications.
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Figure 7.X-2: MME/UPE selection for Active UE with non real-time traffic.
· MM for real-time communication: The original UPE/MME is maintained and connected with the new LTE RAN entity. Only when the UE goes into LTE_IDLE state, a new UPE/MME is selected in the new pool-area. This type of mobility management is suitable for delay sensitive communication (e.g., VoIP) since any perceivable disruption due to MME/UPE re-selection is avoided. Figure 7.X-3 illustrates how MME/UPE is re-selected for UEs with non-real time communications.
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Figure 7.X-3: MME/UPE selection for an Active UE with real-time traffic.
· An LTE RAN entity can communicate with an UPE/MME that serves another SAE pool-area.
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