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Introduction

Section 7.7.2.1 in 3GPP TR 23.882 includes a description of an alternative solution for inter access system handover between 3GPP access systems. This document highlights that there are at least three variants of this solution, depending on the nature of the inter-system mobility anchor. It is thus proposed to include a high level message sequence charts describing the procedures that need to be carried out in each of these variants. We also present a message sequence chart illustrating the procedures necessary when the inter-system mobility anchor is not a GTP tunnelling endpoint.

Discussion

There are at least two conceivable variants of solution A in section 7.7.2.2 in 3GPP TR 23.882: one where the 2G/3G UPE embodies the SGSN only, and one where the 2G/3G UPE embodies both SGSN and GGSN. An interpretation of the former leads to assume that the inter-system mobility anchor shown in Figure 7.7-1 represents the GGSN (i.e. a GTP tunnelling endpoint), whereas in the latter case the inter-system mobility anchor represents an access independent IP mobility anchor point (i.e. an IP tunnelling endpoint). A hybrid solution, i.e. an inter-system mobility anchor that terminates GTP tunnelling towards 2G/3G SGSN and an IP tunnel towards SAE UPE may also be conceived.

This document proposes to include a high level message sequence chart describing the procedures that need to be carried out when the inter-system mobility anchor is not a GTP tunnelling endpoint. The other two variants of solution A are not considered further in this document.

The user-plane anchor in 2G and 3G PS access systems makes use of GTP tunnelling between GGSN and SGSN. 3GPP can choose to maintain this tunnelling also for LTE access (e.g. to harmonize the various 3GPP access technologies), or otherwise adopt more generic IP tunnelling for LTE. These two options were discussed further in S2H050171. When inter-system mobility is managed through an IP tunnelling endpoint, IP addresses assigned by the 2G/3G UPE and SAE UPE are access specific, and these addresses are used by the inter-system mobility anchor, as a tunnel termination point.

With this in mind, high level procedures for inter-access system handover between UTRAN/GERAN and SAE/LTE access systems, are proposed below. In summary the procedures are divided into three phases:

· handover preparation phase (steps 1 to 12, in the figures below): the purpose of this phase is to minimize the number of procedures that need to be carried out before the UE can send or receive IP packets in the target system after it has disconnected from the source access system

· handover execution phase (steps 13 to 15, in the figures below): procedures carried out between the time of disconnect from source system, till steady state is reached in target system
· maintenance phase (steps 16 to 20, in the figures below): this involves release of any unnecessary resources from the source system and execution of location update procedures.
Steps 8-10 and 14 can be based on procedures defined in [2] (for IPv6) and [3] (for IPv4). 

Step 15 can be based on [4] (for IPv4) and [5] (for IPv6).

The rest of the steps are similar to the procedures used in [1]. 




With reference to the sequence numbers shown in figure 7.7-2, below, when temporary IP forwarding is used, the interruption time for the UE to receive IP packets is (t_14 – t_10) and the interruption time for the UE to send IP packets is (t_14 – t_12).

When temporary IP forwarding is not used (i.e. steps 8, 9, 10 and 14 are missing), the interruption time for the UE to receive IP packets is (t_15 – t_11) and the interruption time for the UE to send IP packets (t_15 – t_12). 

Proposal

In order to concretize further the procedures associated with alternative solution A, for Inter access system handover between 3GPP access systems, we propose to add the following sub-sections to section 7.7.2.2 in TR 23.882. 

**** Start of changes ****

7.7.2
Inter access system handover between 3GPP access systems (UTRAN/GERAN and SAE/LTE 3GPP access system)

7.7.2.1
Description 

Handover between 3GPP access systems maintains the UE’s established IP packet bearer service(s) during mobility between 2G/3G access and SAE/LTE 3GPP access system.
7.7.2.2
Alternative solution A 
7.7.2.2 Note for editor: Text from S2-022966 goes here.
7.7.2.x Alternative solution X 
This solution is similar to Alternative solution A, but 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 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 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 or after the handover phase the user plane routing and any potential tunnelling between serving 3GPP access system and inter system mobility anchor 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 Figure 7.x-1 illustrates 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.x-1: High level procedures for inter-access system handover between UTRAN/GERAN and SAE/LTE access systems when the inter-system mobility anchor is not a GTP tunnelling endpoint

Steps 1–8 correspond to the handover preparation phase, similar to that carried out for 2G/3G PS ISHO enhancements defined in [1]. If the direction of the handover is towards 2G/3G, step 3 also triggers GTP tunnel setup between the target 2G/3G MME (SGSN) and UPE (GGSN). “Create PDP Context” messages are used for this purpose. 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 in step 8. This measure allows faster inter-system transitions.

Step 9 can be used to set up temporary IP forwarding tunnel(s) between source UPE and target UPE. This allows faster inter-system transitions and avoids packet loss.

Step 11 indicates the completion of the handover preparation phase. The source radio network can subsequently send a Handover Command.

After the UE sets up the necessary radio resources with the target radio network in step 13, the UE can start sending and receiving IP packets through the forwarding tunnel set up in step 10. If step 9 has not been carried out, then the UE needs to wait till the procedures in step 15 are completed before sending and receiving IP packets.

Once the user plane route reconfiguration is completed in step 15, the UE can send and receive IP packets directly through the target system. The forwarding tunnel that may have been set up in step 10 is no longer used and can be thorn down at this stage, either through soft state timeout, or through other explicit signalling (FFS).
Steps 16-20 are maintenance procedures (i.e. release any resources in the source system and location update). If the source access system is 2G/3G, this phase also includes tear-down of the GTP tunnel(s) between GGSN and source SGSN. “Delete PDP Context” messages are used for this purpose.
The procedures in Figure 7.x-1 can be based on a combination of procedures already defined in 3GPP and IETF. More specifically:

Steps 8-10 and 14 can be based on procedures defined in [2] (for IPv6) and [3] (for IPv4). 

Step 15 can be based on [4] (for IPv4) and [5] (for IPv6).
The rest of the steps are similar to the procedures used in [1]. 
Figure 7.x-2 shows an example of the mapping of Mobile IP functions and signalling flows in more detail, when Mobile IPv4 is operated in FA-located care-of address mode. It is FFS whether co-located care-of address with IP header compression would be a more feasible solution compared to FA-located care-of address mode. A sequence chart for Mobile IPv6 would look similar, but in step 15 signalling would be directly between UE and HA, and there are no FA functions in MME/UPE.
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Figure 7.x-2: Example procedures with Mobile IP in FA-located care-of address mode 
7.7.2.x.1
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 8 and 9 in Figure 7.x.2 and 7.x.3 need to be supported between UE and GGSN.
 7.7.2.x.2
Impact on baseline RAN Architecture

The baseline RAN architecture handles UE measurements from LTE access system and addresses LTE access system handlver targets.
7.7.2.x.3
Impact on terminals used in the existing architecture

No impact foreseen.
7.7.2.y
Alternative solution Y

**** End of changes ****
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