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1
Introduction
TR 23.882 v0.7.0 section 7.7.2 captures alternatives for inter-access system handover between 3GPP access systems.  This paper proposes another alternative solution.  

In this solution, the intersystem mobility anchor and the SAE UPE are combined into a single node referred to as Access Gateway (AGW).  This meets the following requirements:

· Flattening of the network

· Reduction in user plane latency

· Reduction in session setup time

· Interworking to both 2G and 3G networks
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Figure 1: 3GPP Inter Access System Change between LTE RAN and legacy 2G/3G RAN
The proposed solution includes an SAE MME, SAE UPE, and intersystem mobility anchor as described in section 7.5.2 of 3GPP TR 23.882 v0.7.0.  In this solution, shown in the figure above, the SAE UPE and intersystem mobility anchor are combined in a single node, which is also referred to as “Access Gateway” (AGW).
For the purpose of this proposal it is assumed that a SAE-capable UE always uses an SAE AGW instead of a 2G/3G GGSN in order to meet the goal of simplification.
2
Mobility Considerations

In previous discussions on SAE inter-RAT mobility, the legacy 2G and 3G access systems have been grouped into a common behaviour. This paper proposes different behaviours for 2G and 3G mobility between a SAE access system for ACTIVE mode UEs.

Section 7.7.2.2 of TR 23.882 states that :

· Handover between 3GPP access systems is performed as a forward handover, i.e. the radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

This statement is accurate for a 3G System that supports the SRNS procedure but does not necessarily apply to the legacy 2G systems. All legacy 2G/3G system may not have implemented the full 3GPP feature set in preparation to migrate to the SAE architecture.

In a legacy 3G 3GPP access system the decision for initiating a handover is made by radio system entities of the source 3GPP access system.

The behaviour is different for a handover from a 2G access system.  When entering the SAE access system, the UE will first perform cell re-selection.  This results in a “backwards handover” instead of the “forward handover” mentioned in 23.882.  This proposed solution accommodates both forward handover and backward handover.
2.1
LTE Active: 2G to SAE

When a SAE-capable UE in ACTIVE mode is attached in a 2G access system and then enters a SAE access system, it first performs cell re-selection. After the successful completion of the cell re-selection procedure, the UE initiates a Tracking Area Update. This triggers an inter-SGSN Routing Area Update procedure with the legacy 2G MME.
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Figure 2: Backwards Handover from 2G to SAE/LTE

1)
The UE or Access System decides to perform an inter-RAT change to a SAE network
2)
The access system reselection triggers a network registration by the UE and sends its temporary identity and potentially its old tracking area or another parameter identifying the old MME/UPE to the new SAE MME.

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

4)
The old MME/UPE sends a UE context to the new SAE MME. The UE context includes a permanent user identity and other information, e.g. security and IP bearer parameters.

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

6)
The new SAE MME derives from the permanent user identity an HSS address and registers itself as the MME 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 SAE MME.

9)
The new SAE MME initiates an IP address allocation from the AGW.  The UE is now known in the AGW.

10)     The new SAE MME confirms the UE’s network registration and sends a new temporary identity to the UE. 
11)     The user plane is set up between the AGW and the LTE Access for all active contexts.

Note that the Context Transfer between 2G MME and SAE MME is accomplished using the Gn protocol as currently used between one SGSN and another SGSN.  The user plane connection and associated signalling between 2G UPE and AGW is also accomplished using the Gn protocol.  The signalling between SAE MME and AGW may also be based on Gn with enhancements. Assuming that Rh is Gn, this solution applies to both architecture B1 and architecture B2. 

2.2
LTE Active: 3G to LTE

Handover between 3G systems is performed as a forward handover, i.e. the radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

The decision for initiating a handover is made by radio system entities of the source 3GPP access system.

During the handover phase the user plane is established between the LTE Access and the AGW, as shown in the figure below. 
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Figure 3: Forward Handover from 2G/3G to SAE/LTE

1) The IP bearer service is established between the UE and the intersystem mobility anchor via 2G/3G access system and 2G/3G MME/UPE
2) The legacy 2G/3G Access decides to initiates a handover to LTE Access
3) The legacy 2G/3G Access sends a Handover Required with the legacy 2G/3G MME.

4) The 2G/3G MME derives an address of the target SAE MME and sends a Handover Preparation Request, including the UE context information.
5) The SAE MME creates a UE context and sends a Handover Preparation Request (PDP Session) to the LTE Access.

6) The LTE Access sets up user plane contexts for the SAE UE
7) The LTE Access sends a Handover Preparation Confirm to the SAE MME.
8)  The SAE MME sends a Handover Preparation Confirm to the 2G/3G MME.

9) The 2G/3G MME sends a Handover Command to the UE via the 2G/3G Access.

10) Data loss may be minimized, e.g by bi-casting or data forwarding. Futher details on the data forwarding path are FFS as they depend on the location of header compression and ciphering.
11) The UE is detected at the LTE Access.

12) 
13) LTE Access sends a Handover Complete to the SAE MME.
14)  The SAE MME initiates the Handover Complete Procedure with the 2G/3G MME.
15) The 2G/3G MME acknowledges the handover completion towards the SAE MME.
16) The SAE UPE/Intersystem Mobility Anchor (AGW) switch user plane with the new LTE Access. The AGW will now forward all downlink packets to the LTE Access.
17) The IP Bearer service is now established between the UE and the intersystem mobility anchor via LTE Access and SAE UPE.
18) The UE updates its location using a Tracking Area Update Procedure with the SAE MME. The SAE MME will initiate the Register MME procedure with the HSS.
Note that the Context Transfer between 3G MME and SAE MME is accomplished using the Gn protocol as currently used between one SGSN and another SGSN.  The user plane connection and associated signalling between 2G/3G UPE and AGW is also accomplished using the Gn protocol. The signalling between SAE MME and AGW may also be based on Gn with enhancements. Assuming that Rh is Gn, this solution applies to both architecture B1 and architecture B2. 

3
Roaming consideration

Roaming scenarios in LTE Active mode become fairly simple because the visited AGW (V-AGW) is always used by a SAE capable UE. The V-AGW terminates the user plane from the H-AGW in roaming scenarios as shown in the figure below.
Note: the “H-AGW” term here is used in a generic sense. In some scenarios it may be identical to the Inter-AS MM.
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4
Conclusion

The proposed solution for SAE inter-RAT mobility procedure in ACTIVE mode has the following benefits:

· Reducing user plane latency because there is a single user plane node above the LTE RAN.

· Flattening the network

· Reduction in user plane latency

· Reduction in session setup time

· Inter-working to both 2G and 3G networks.

It is proposed to update alternative solution B in section 7.7.2.3 of TR 23.882 with the following:
7.7.2.3
Alternative solution B 

The intersystem mobility anchor and the SAE UPE are combined into a single node referred to as Access Gateway (AGW).
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Figure 1: 3GPP Inter Access System Change between LTE RAN and legacy 2G/3G RAN for Alternative B
Handover between 3G systems is performed as a forward handover i.e. the radio resources are prepared in the target 3GPP access system before the UE is ordered by the source 3GPP access system to change to the target 3GPP access system.
For the case of a 2G to LTE system mobility when the 2G system has no support for PS Handover, the UE will first perform cell re-selection before initiating a Tracking Update Procedure. This results in a “backwards handover” instead of the “forward handover” and is identical to inter-RAT Mobility in IDLE mode.
The decision for initiating a handover is made by radio system entities of the source 3GPP access system.

During the handover phase the user plane is established between the LTE Access and the AGW.
The SAE MME may be collocated with the SAE UPE or with the 2G/3G MME/UPE in order to simplify the number of interfaces and signalling transactions.
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Figure 3: Forward Handover from 2G/3G to SAE/LTE

1) The IP bearer service is established between the UE and the intersystem mobility anchor via 2G/3G access system and 2G/3G MME/UPE

2) The legacy 2G/3G Access decides to initiates a handover to LTE Access
3) The legacy 2G/3G Access sends a Handover Required with the legacy 2G/3G MME.

4) The 2G/3G MME derives an address of the target SAE MME and sends a Handover Preparation Request, including the UE context information.The SAE MME creates a UE context and sends a Handover Preparation Request (PDP Session) to the LTE Access.

5) The LTE Access sets up user plane contexts for the SAE UE
6) The LTE Access sends a Handover Preparation Confirm to the SAE MME. The SAE MME sends a Handover Preparation Confirm to the 2G/3G MME.

7) The 2G/3G MME sends a Handover Command to the UE via the 2G/3G Access.

8) Data loss may be minimised, e.g by bi-casting or data forwarding. Further details on the data forwarding path are FFS as they depend on the location of header compression and ciphering.
9) The UE is detected at the LTE Access.

10) LTE Access sends a Handover Complete to the SAE MME. The SAE MME initiates the Handover Complete Procedure with the 2G/3G MME.
11) The 2G/3G MME acknowledges the handover completion towards the SAE MME.
12) The SAE UPE in the AGW switches the user plane towards the new LTE Access. The AGW will now forward all downlink packets to the LTE Access.

13) The IP Bearer service is now established between the UE and the intersystem mobility anchor via LTE Access and SAE UPE.

14) The UE updates its location using a Tracking Area Update Procedure with the SAE MME. The SAE MME will initiate the Register MME procedure with the HSS.
The Context Transfer between 2G/3G MME and SAE MME is accomplished using the GTP-C protocol as currently used between one SGSN and another SGSN.  The user plane connection and associated signalling between 2G/3G UPE and AGW is accomplished using the GTP-U protocol. The signalling between SAE MME and AGW may also be based on GTP-C with enhancements.
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