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1 Introduction

This paper proposes a comparative study of different alternatives for mobility between LTE and 3GPP access systems.
2 Discussion
The mobility between SAE and pre-SAE 3G systems is of paramount importance due to the fact that at least in the initial period, we expect that the SAE system will cover fewer but high traffic area, while the UMTS will cover the rest. In this paper, we discuss the different options available for mobility between SAE and pre-SAE systems, and vice versa.

In the following sub-sections we discuss the various architecture alternatives and the mobility solutions covering the same.  In Section 3, we present the conclusion and in section 4 we discuss the Text Proposal which we propose to add to the 23.882 to add a new alternative based on the discussions in this section.

2.1 Generic Architecture: Separate MME/UPE, Pre-SAE/LTE GGSN and Inter AS anchor

This architecture describes the generic architecture where MME/UPE, GGSN and inter AS Anchor are in separate nodes. The inter AS Anchor is the anchor node for the UP data traffic for inter SAE/pre-SAE LTE mobility. 
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Figure 1: Generic Architecture: Combined MME/UPE and Separate UPE, GGSN and Inter AS Anchor
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Figure 2: Handover flows from Evolved System to Pre-SAE/LTE System for the Generic Architecture
1)
The IP bearer service is established between UE and Inter AS Anchor via Evolved RAN and SAE MME/UPE

2)
Based on the signal strength measurements or any other means, the serving Evolved RAN takes a decision to handover the UE to 2G/3G access system.

3)
The serving Evolved RAN indicates Handover Required and the handover target to its SAE MME/UPE.

3a) The SAE MME/UPE selects a SGSN serving the 2G/3G RAN nodes the UE is going to use.
3b) The SAE MME/UPE initiates the PDP context activation to the target GGSN. One possibility for the SAE MME/UPE to choose the GGSN is that SAE MME/UPE knows the set of Pre-SAE/LTE GGSN’s that can connect to the appropriate Inter AS Anchor (HA) for the UE. Other options are FFS. The PDP context parameters and the GGSN id can then be forwarded to the target SGSN in Step 4. Other options to optimize this procedure, including the possibility to involve the UE to collect PDP Context parameters, are FFS.
4)
The SAE MME/UPE sends a Handover Preparation Request to the target SGSN including permanent UE ID, MM context, PDP Context and radio related information. The SGSN sends this message to the 2G/3G RAN including the UE ID and the radio related information. 
5)
The target 2G/3G RAN establishes bearer resources, including radio resources, for the UE.

6)
The 2G/3G RAN confirms the Handover Preparation to the SAE MME/UPE via the selected SGSN.
6a) Given that the UE IP address needs to be updated during the inter-system handover procedure, the UE IP address assigned by the target GGSN in step 3b can be passed to the UE. This measure allows faster inter-system transitions. This step is FFS.

7)  This step can be used to set up temporary IP forwarding tunnel(s) between source SAE MME/UPE and target GGSN. This allows faster inter-system transitions and avoids packet loss. Data loss may be minimised, e. g., by data forwarding or bi-casting or buffering at the Inter AS Anchor. This step is FFS.
8)  The SAE MME/UPE commands the UE to change to the target 2G/3G RAN by issuing a Handover Command. 
9)
The Radio Bearer is established between UE and target 2G/3G RAN.

10) The 2G/3G RAN informs the SGSN about handover completion. 
11) The SAE MME/UPE initiates the resource release procedure.

12)  The SAE MME/UPE acknowledges the handover completion towards the SGSN.

13)  The SGSN initiates Update PDP Context procedure in order for the GGSN to switch the tunnel from the SAE MME/UPE to the SGSN 
14) User plane route reconfiguration procedures need to be performed. Once the user plane route reconfiguration is completed, the UE can send and receive IP packets directly through the target system. If User plane route Reconfiguration procedure is not triggered by the UE (for example, PMIP), the user plane route reconfiguration procedure can be triggered by SAE MME/UPE (FFS). In case that tunnel is setup in step 7, after the UE sets up the necessary radio resources with the target radio network in step 9, the UE can start sending and receiving IP packets through the forwarding tunnel. If step 7 has not been carried out, then the UE needs to wait till the procedures in step 14  are completed before sending and receiving IP packets. The forwarding tunnel that may have been set up in step 7 is no longer used and can be torn down at this stage, either through soft stage timeout, or through other explicit signalling (FFS).
15) The UE may need to perform a registration with the new serving SGSN. This triggers the SAE MME/UPE to register with the HSS.
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Figure 3: Handover flows from Pre-SAE/LTE System to the Evolved System for Architecture 1
1)
The IP bearer service is established between UE and Inter AS Anchor via 2G/3G access system and 2G/3G Core Network including SGSN and GGSNMME/UPE
2)
Based on signal strength measurements or by other means, the serving 2G/3G access system decides to initiate a handover to Evolved RAN.

3)
The serving 2G/3G access system sends Handover Required and the handover target to its SGSN.

3a)
The SGSN selects an SAE MME/UPE serving the Evolved RAN nodes the UE is going to use

4)
The SGSN sends a Handover Preparation Request to the SAE MME/UPE including permanent UE ID, MM context, PDP context and radio related information. The SAE MME/UPE forwards the request to the target Evolved RAN including the radio related information and UE ID.
5)
The target Evolved RAN establishes bearer resources, including radio resources and network resources, for the UE.

6)
The Evolved RAN confirms the Handover Preparation to the 2G/3G MME/UPE SGSN via the selected SAE MME/UPE.
6a)    Given that the UE IP address needs to be updated during the inter-system handover procedure, the UE IP address assigned by the target MME/UPE can be passed to the UE. This measure allows faster inter-system transitions. This step is FFS.
7)     This step can be used to set up temporary IP forwarding tunnel(s) between source GGSN and target SAE MME/UPE. This allows faster inter-system transitions and avoids packet loss. Data loss may be minimised, e. g., by data forwarding or bi-casting. This step is FFS.
8)      The 2G/3G MME/UPESGSN commands the UE to change to the target Evolved RAN. 
9)
The Radio Bearer is established between UE and target Evolved RAN.
10)   The Evolved RAN sends a HO complete to the pre-SAE SGSN (2G/3G MME/UPE) via the SAE MME/UPE.

11)   The SGSN initiates the resource release procedure including release RAB/Iu connection and delete PDP context.
12)    The SGSN2G/3G MME/UPE acknowledges the handover completion towards the SAE MME/UPE.
13)
User plane route reconfiguration procedures are performed. Once the user plane route reconfiguration is completed, the UE can send and receive IP packets directly through the target system. If User plane route Reconfiguration procedure is not triggered by the UE (for example, PMIP), the user plane route reconfiguration procedure can be triggered by SAE MME/UPE (FFS). In case that tunnel is setup in step 7, after the UE sets up the necessary radio resources with the target radio network in step 9, the UE can start sending and receiving IP packets through the forwarding tunnel. If step 7 has not been carried out, then the UE needs to wait till the procedures in step 10 are completed before sending and receiving IP packets. Once the user plane route reconfiguration is completed in step 10, the UE can send and receive IP packets directly through the target system. The forwarding tunnel that may have been set up in step 7 is no longer used and can be torn down at this stage, either through soft stage timeout, or through other explicit signalling (FFS).
14)
The UE may need to perform a registration with the new serving SAE MME/UPE. This triggers the SAE MME to register with the HSS.

2.2 Special Cases of Generic Architecture 

The following architectures result as a special case to the generic architecture
1. Combined GGSN and Inter AS Anchor (HA): In this case, the Handover flows from LTE to pre-SAE/LTE system would be same as that shown in Figure 2, except that Step 6.a may not be required and in step 14, the user plane route update is an MIP de-registration if MIP procedures are used and may not be required if optimizations to MIP, e. g., PMIP are used. The handover flows from pre-SAE/LTE system to LTE system is identical to that shown in Figure 3.
2. Combined UPE and Inter AS Anchor (HA): In this case, the Handover flows from LTE to pre-SAE/LTE system is identical to that shown in Figure 2 and the handover flows from pre-SAE/LTE system to LTE system would be same as that shown in Figure 3, except that Step 6.a may not be required and in step 13, the user plane route update is an MIP de-registration if MIP procedures are used and may not be required if optimizations to MIP, e. g., PMIP are used. 

3. Combined MME/UPE and GGSN and separate or combined Inter AS Anchor: In this case, the handover flows from LTE system to pre-SAE/LTE system will be similar to the one shown in Figure 2 except that steps 6.a is not required and Steps 6.b, 7 may not be required. Also step 14. will be modified to be between SGSN and SAE MME/UPE. The solution will be similar to Alternative Solution A in the TR 23.882 with Step 12 modified to be between the SAE MME/UPE and pre-SAE MME/UPE (SGSN). 
3 Conclusion

As discussed in the above sections, the mobility solutions for the inter SAE/pre-SAE 3G systems having combined MME/UPE and separate UPE, GGSN and Inter AS Anchor can be considered as a general architecture where other architectures are special cases or possible optimization of it. We believe that although the possible optimized inter 3GPP handover procedure (e.g. alternative A and B in the section 7.8.2) can be standardized and/or implemented, the standard should also specify the generic approach for the most generic architecture.

The advantages of the generic architecture are
1. Harmonized flows for Intra-LTE Inter MME/UPE mobility, Inter-LTE-3GPP mobility and Inter-LTE-Non-3GPP mobility

2. Other alternatives can be derived as special cases of the generic model
3. The handover flows mentioned for this alternative is applicable to the roaming architecture.
4. The generic architecture is scalable.
It is proposed to consider the procedure to support Architecture 1 as a basic procedure for supporting inter 3GPP systems and also for supporting Intra LTE and Inter MME/UPE mobility. It is proposed that the following text proposal to be added in the TR 23.882. 
4 Text proposal

7.8.2.6
Alternative solution E
7.8.2.6.1
Description
This solution is similar to Alternative solution C, and positions the solution for inter-access system handover between 3GPP access systems at user-IP layer, rather than below (i.e. tunnel switching below the user-IP layer). That is, the same basic solution for mobility across 3GPP and non-3GPP access systems applies, with the addition of handover enhancements as described below. These enhancements are meant to reduce the handover interruption times across UTRAN/GERAN and SAE/LTE 3GPP access systems.

Similar to solution alternative A, the decision for initiating a handover is made by radio system entities of the source 3GPP access system.

Also, the handover between 3GPP access systems is performed as a backward 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 handover preparation is carried out over a reference point between target and source 3GPP access system, i.e. between 2G/3G and SAE/LTE 3GPP access systems

It is FFS whether this reference point is also used to forward user data during handover or whether other mechanisms are used to avoid data loss due to handover, e.g. bi-casting by the intersystem mobility anchor.

During the handover phase the user plane set up and any potential tunnelling between UE and the access gateway of the serving 3GPP access system is updated to the target 3GPP access system. The UE registers with the target 3GPP access system and the target 3GPP access system (MME) registers with the HSS.

The message sequence chart in Figures 7.8-7 and Figure 7.8-8 illustrate the high level procedures for this solution alternative. In the information flows below, MME and UPE are shown together for simplicity reasons. This does not preclude a separation.
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Figure 7.8-7: Handover flows from Evolved System to Pre-SAE/LTE System 
1)
The IP bearer service is established between UE and Inter AS Anchor via Evolved RAN and SAE MME/UPE

2)
Based on the signal strength measurements or any other means, the serving Evolved RAN takes a decision to handover the UE to 2G/3G access system.

3)
The serving Evolved RAN indicates Handover Required and the handover target to its SAE MME/UPE.

3a)
The SAE MME/UPE selects a SGSN serving the 2G/3G RAN nodes the UE is going to use.
3b) The SAE MME/UPE initiates the PDP context activation to the target GGSN. One possibility for the SAE MME/UPE to choose the GGSN is that SAE MME/UPE knows the set of Pre-SAE/LTE GGSN’s that can connect to the appropriate Inter AS Anchor (HA) for the UE. Other options are FFS. The PDP context parameters and the GGSN id can then be forwarded to the target SGSN in Step 4. Other options to optimize this procedure, including the possibility ti involve the UE to collect PDP Context parameters, are FFS.

4)
The SAE MME/UPE sends a Handover Preparation Request to the target SGSN including permanent UE ID, MM context, PDP Context and radio related information. The SGSN sends this message to the 2G/3G RAN including the UE ID and the radio related information. 

5)
The target 2G/3G RAN establishes bearer resources, including radio resources, for the UE.

6)
The 2G/3G RAN confirms the Handover Preparation to the SAE MME/UPE via the selected SGSN.
6a) Given that the UE IP address needs to be updated during the inter-system handover procedure, the UE IP address assigned by the target GGSN in step 3b can be passed to the UE. This measure allows faster inter-system transitions. This step is FFS.

7)   This step can be used to set up temporary IP forwarding tunnel(s) between source UPE and target GGSN. This allows faster inter-system transitions and avoids packet loss. Data loss may be minimised, e. g., by data forwarding or bi-casting or buffering at the Inter AS Anchor. This step is FFS.
8)  The SAE MME/UPE commands the UE to change to the target 2G/3G RAN by issuing a Handover Command. 

9)
The Radio Bearer is established between UE and target 2G/3G RAN.

10) The 2G/3G RAN informs the SGSN about handover completion. 
11) The SAE MME/UPE initiates the resource release procedure.

12)  The SAE MME/UPE acknowledges the handover completion towards the SGSN.

13)  The SGSN initiates Update PDP Context procedure in order for the GGSN to switch the tunnel from the SAE MME/UPE to the SGSN 

14) User plane route reconfiguration procedures need to be performed. Once the user plane route reconfiguration is completed, the UE can send and receive IP packets directly through the target system. If User plane route Reconfiguration procedure is not triggered by the UE (for example, PMIP), the user plane route reconfiguration procedure can be triggered by SAE MME/UPE (FFS). In case that tunnel is setup in step 7, after the UE sets up the necessary radio resources with the target radio network in step 9, the UE can start sending and receiving IP packets through the forwarding tunnel. If step 7 has not been carried out, then the UE needs to wait till the procedures in step 14  are completed before sending and receiving IP packets. The forwarding tunnel that may have been set up in step 7 is no longer used and can be torn down at this stage, either through soft stage timeout, or through other explicit signalling (FFS).
15) The UE may need to perform a registration with the new serving SGSN. This triggers the SAE MME/UPE to register with the HSS.
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Figure 7.8-8: Handover flows from Pre-SAE/LTE System to the Evolved System 

1)
The IP bearer service is established between UE and Inter AS Anchor via 2G/3G access system and 2G/3G Core Network including SGSN and GGSNMME/UPE
2)
Based on signal strength measurements or by other means, the serving 2G/3G access system decides to initiate a handover to Evolved RAN.

3)
The serving 2G/3G access system sends Handover Required and the handover target to its SGSN.

3a)
The SGSN selects an SAE MME/UPE serving the Evolved RAN nodes the UE is going to use

4)
The SGSN sends a Handover Preparation Request to the SAE MME/UPE including permanent UE ID, MM context, PDP context and radio related information. The SAE MME/UPE forwards the request to the target Evolved RAN including the radio related information and UE ID.
5)
The target Evolved RAN establishes bearer resources, including radio resources and network resources, for the UE.

6)
The Evolved RAN confirms the Handover Preparation to the 2G/3G MME/UPE SGSN via the selected SAE MME/UPE.
6a)    Given that the UE IP address needs to be updated during the inter-system handover procedure, the UE IP address assigned by the target MME/UPE can be passed to the UE. This measure allows faster inter-system transitions. This step is FFS.
7)      This step can be used to set up temporary IP forwarding tunnel(s) between source GGSN and target SAE MME/UPE. This allows faster inter-system transitions and avoids packet loss. Data loss may be minimised, e. g., by data forwarding or bi-casting. This step is FFS.

8)      The 2G/3G MME/UPESGSN commands the UE to change to the target Evolved RAN. 

9)
The Radio Bearer is established between UE and target Evolved RAN.

10)   The Evolved RAN sends a HO complete to the pre-SAE SGSN (2G/3G MME/UPE) via the SAE MME/UPE.

11)   The SGSN initiates the resource release procedure including release RAB/Iu connection and delete PDP context.
12)    The SGSN2G/3G MME/UPE acknowledges the handover completion towards the SAE MME/UPE.

13)
User plane route reconfiguration procedures are performed. Once the user plane route reconfiguration is completed, the UE can send and receive IP packets directly through the target system. If User plane route Reconfiguration procedure is not triggered by the UE (for example, PMIP), the user plane route reconfiguration procedure can be triggered by SAE MME/UPE. In case that tunnel is setup in step 7 after the UE sets up the necessary radio resources with the target radio network in step 9, the UE can start sending and receiving IP packets through the forwarding tunnel. If step 7 has not been carried out, then the UE needs to wait till the procedures in step 10 are completed before sending and receiving IP packets. Once the user plane route reconfiguration is completed in step 10, the UE can send and receive IP packets directly through the target system. The forwarding tunnel that may have been set up in step 7 is no longer used and can be torn down at this stage, either through soft stage timeout, or through other explicit signalling (FFS).
14)
The UE may need to perform a registration with the new serving SAE MME/UPE. This triggers the SAE MME to register with the HSS.
7.8.2.6.2
Impact on baseline CN Architecture

The impacts on the baseline CN architecture are as follows:

- same impacts introduced by a Mobile IP solution for mobility across 3GPP and non-3GPP systems. These are listed separately in this document.

- if packet loss mitigation is handled through packet forwarding, then the introduction of a layer-3 forwarding interface between GGSN and the SAE MME/UPE is required. Other packet loss mitigation schemes may not require this interface.

- SGSN must be ready to create or delete PDP contexts during the relocation procedure when UE is moving across UTRAN/GERAN and LTE/SAE Access systems.

- For mobility from UTRAN/GERAN towards SAE/LTE, steps 6.a and 7 in Figures 7.8-7 and 7.8-8 need to be supported between UE and GGSN.

 7.8.2.6.3
Impact on baseline RAN Architecture

The baseline RAN architecture handles UE measurements from LTE access system and addresses LTE access system handover targets.

7.8.2.4.4
Impact on terminals used in the existing architecture

FFS.

7.8.2.4.5
Relationship with other alternatives
Alternative A and B can be regarded as an optimization of this procedure when 2G/3G GGSN and MME/UPE is co-located to form inter 3GPP mobility anchor. In this case, the handover flows from LTE system to pre-SAE/LTE system will be similar to the one shown in Figure 7.8-7 except that steps 6.a is not required and Step 7 may not be required. Also step 14 will be modified to be between SGSN and SAE MME/UPE. The solution will be similar to Alternative Solution A in the TR 23.882 with Step 12 modified to be between the SAE MME/UPE and pre-SAE MME/UPE (SGSN).
The proposed method and Alternative C shares a lot in common. One main difference is that the proposed method solves the problem to set up PDP context in 2G/3G SGSN and GGSN for the handover from LTE to 2G/3G. The proposed method also covers Alternative D by applying Proxy MIP for the User Plane Route Update Procedure
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