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1
Introduction

This contribution discusses the Evolved Packet Core (EPC) level mobility from E-UTRAN point of view. The focus is on inter-3GPP radio access system handovers (I-RAT HO), where also signalling flow examples are shown. The objective is to extract the general principles that are valid to all EPC level handover scenarios as seen from the E-UTRAN point of view. 
The document also proposes the Work Shop agrees on these principles, and they are utilised in the further work in the participating WGs.
2
Background

It has been agreed in 3GPP that a handover between E-UTRAN and other 3GPP access systems will be an important functionality. It is of crucial importance during the initial E-UTRAN deployment, when the E-UTRAN coverage is still spotty, but also later, efficient mechanisms are still needed when several access systems provide ubiquitous coverage. The E-UTRAN interoperability with GERAN and UTRAN is as important as that between GERAN and UTRAN.
This understanding has resulted in agreeing the performance requirement for intersystem handover (300ms/500ms in TR 25.912) and analysing the capability to perform accordingly in TR R3.018 (section 6.18.1). The I-RAT HO has been discussed in SA2, and several solution alternatives have been listed in TR 23.882 (Section 7.8 “Key Issue: Inter access system handover”).
While deep analysis on U-Plane delay and several solutions for overall signalling flow have been presented, there are no agreements on E-UTRAN behaviour principles. It is proposed that joint meeting discusses these matters, also considering the relation to other E-UTRAN mobility procedures requiring change of EPC nodes. This document presents some aspects as a basis of this discussion.
2
Discussion

When comparing the E-UTRAN side of the I-RAT handover scenario to the currently agreed inter-eNB HO scenario, the following differences can be identified:

· Absence of X2 interface between eNB and GERAN or UTRAN
· Absence or S1 interface between eNB and 2G/3G Core Network
The clear consequence is that handover signalling will need new solutions to overcome these connectivity shortcomings. From connectivity point of view, the limitations are similar to those in GERAN <-> UTRAN handover scenarios, where also SGSN changes. In general, several good principles were applied to GERAN <-> UTRAN HO design, and since those systems currently in operation are to follow those in their inter-operation, it makes it reasonable to consider keeping these guidelines. For example, 3GPP TSs 23.060, 43.129 and also 25.413 are some of the relevant references.
Below is a list that shows how some of these principles could be applied to I-RAT HO involving LTE access:

· I-RAT HO is network controlled through source access system. The source access system decides about starting the preparation and provides the necessary information to the target system in the format required by the target system. The actual handover execution is decided in the source system.
· I-RAT HO is proactive handover, i.e. 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.

· To enable proactive handover, and while RAN level interfaces are not available, a control interface exists in CN level. In I-RAT HO involving LTE access, this interface is between 2G/3G SGSN and corresponding MME/UPE.

· The target access system will be responsible for giving exact guidance for the UE on how to make the radio access there (this includes radio resource configuration, target cell system information etc.). This information is given during the handover preparation and may be transported completely transparently through the source access system to the UE.

· There can be an intermediate state during HO where the DL U-plane data is sent from source system to target system before the U-plane is switched directly to the target system. During this state mechanisms for avoiding or mitigating the loss of user data (e.g. forwarding or bi-casting) may be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.
· The handover procedure should not require any UE to CN signalling in order for data to start to flow in the target system. This requires that the security context, UE capability context and QoS context is transferred (or translated) within the network between source and target system.

The principles above follow the earlier 3GPP assumption of source system adapting to target system. E.g. the source system provides the information required by the target system. This principle is important since it makes it possible to support inter-RAT handovers from E-UTRAN to legacy 2G/3G systems with no changes to the target system. In the opposite direction it would regardless be required for updating the 2G/3G systems in order to support handover towards LTE.
Furthermore, these principles are valid for any other mobility procedures that would be designed to solve the same problem, the absence of X2 and S1 connectivity. The Inter-PLMN HO resulting to both MME and UPE relocation is one such example. 
3
I-RAT HO signalling flows
The following sections present the I-RAT HO signalling sequence in the following scenarios:
· E-UTRAN to UTRAN I-RAT HO

· E-UTRAN to GERAN I-RAT HO

· UTRAN to E-UTRAN I-RAT HO

· GERAN to E_UTRAN I-RAT HO

These flows have been designed following the principles introduced in the earlier sections of this contribution. They are presented as examples only to show the operation in practice. It should be noted that some SAE architecture aspects visible in these flows are still open in SA2 (and RAN3), but they are essentially EPC internal matters, and should not affect the principles discussed here. Especially the following areas should be viewed open, and no position is proposed here:
· MME and UPE are shown as separate nodes, but it will be possible to combine them, making the signalling between them a node internal matter. The signalling sequence presented is structured according to one possible MME - UPE functional split, but other alternatives are still possible.
· UPE and 3GPP anchor are shown as separate nodes, but it will be possible to combine them, making the signalling between them a node internal matter. The signalling sequence presented is structured according to one possible UPE - 3GPP Anchor functional split, but other alternatives are still possible.

The steps in the flows are not described in detail, but it should be noted that GERAN and UTRAN operation as well as operations between these nodes in the Core Network follow that specified in TS43.129, and the procedures presented for S1 interface can easily be derived from those specified in TS25.413 and 23.060.
The U-Plane handling has not been described in detail, but the flows are applicable to both seamless and/or lossless operation, with minor or no modifications. The key question is whether I-RAT HO would need to be lossless, and this should be first evaluated from service requirement point of view, and then from the system complexity view. In general terms seamless operation is simpler than lossless, since it is not necessary to note and inform the target system about the DL U-Plane frame sequence number at the time of the handover execution.
3.1
E-UTRAN to UTRAN Inter-RAT Handovers

The following figure 1 illustrates the E-UTRAN to UTRAN Inter-RAT Handover.
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Figure 1: E-UTRAN to UTRAN Inter-RAT Handover

3.2
E-UTRAN to GERAN Inter-RAT Handovers

The following figure 2 illustrates the E-UTRAN to GERAN Inter-RAT Handover.
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Figure 2: E-UTRAN to GERAN Inter-RAT Handover

3.3
UTRAN to E-UTRAN Inter-RAT Handovers

The following figure 3 illustrates the UTRAN to E-UTRAN Inter-RAT Handover.
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Figure 3: UTRAN to E-UTRAN Inter-RAT Handover

3.4
GERAN to E-UTRAN Inter-RAT Handovers

The following figure 4 illustrates the GERAN to E-UTRAN Inter-RAT Handover.
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Figure 4: GERAN to E-UTRAN Inter-RAT Handover

4
Proposal

It is proposed that the Work Shop adopts the following working assumptions:
I-RAT HO principles

I-RAT HO is designed so that changes to 2G and 3G systems are minimised. This can be done by following the principles specified for 2G <-> 3G intersystem HO. In particular the following principles are applied to LTE I-RAT HO design:
· I-RAT HO is network controlled through source access system. The source access system decides about starting the preparation and provides the necessary information to the target system in the format required by the target system. The actual handover execution is decided in the source system.
· I-RAT HO is proactive handover, i.e. 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.
· To enable proactive handover, and while RAN level interfaces are not available, a control interface exists in CN level. In I-RAT HO involving LTE access, this interface is between 2G/3G SGSN and corresponding MME/UPE.
· The target access system will be responsible for giving exact guidance for the UE on how to make the radio access there (this includes radio resource configuration, target cell system information etc.). This information is given during the handover preparation and may be transported completely transparently through the source access system to the UE.

· There can be an intermediate state during HO where the DL U-plane data is sent from source system to target system before the U-plane is switched directly to the target system. During this state mechanisms for avoiding or mitigating the loss of user data (e.g. forwarding or bi-casting) may be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.
· The handover procedure should not require any UE to CN signalling in order for data to start to flow in the target system. This requires that the security context, UE capability context and QoS context is transferred (or translated) within the network between source and target system.
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