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1 Introduction

This contribution discusses functional split on Inter-radio access mobility functions including idle mode and connected mode mobility between different access systems. 
In the SAE work item, the radio access technologies under consideration are the legacy RATs (i.e. UTRAN/GERAN), the evolved access system, and I-WLAN. Among these, UTRAN/GERAN and E-RAN are designed in 3GPP, so we can call them as 3GPP RAN.

When we consider inter-radio access mobility, it is necessary to take different approaches for mobility handling between 3GPP RANs and for mobility handling between 3GPP RAN and I-WLAN. 

2 Inter-RAT mobility handling in B.1 and B.2 

Comparing the two architectures B.1 and B.2 [1] presented at the previous SA2-RAN3 joint meeting in Montreal, the main differences in inter-RAT mobility aspects are as follows

· B.1 has a common evolved core for all kind of RANs. This common core acts as an IP gateway and inter-RAT mobility is managed in L2 level. 

· In B.2, each access system has a separate gateway and there is no interface between RANs. Inter-RAT mobility is managed in L3 level through inter-AS MM entity.

In B.1, the evolved packet core in architecture B1 has to be very heavy, incorporating all the legacy protocol stacks of 3G SGSN, GGSN in addition to the new functionality needed for the evolved system. It is difficult to overcome the problems of current GPRS, such as long u-plane and c-plane delay. Also the changes to the evolved RAN to make IP-traffic optimized access network can be limited when it shares the common core with the legacy RAN.
In Figure B.2, the evolved access system has more freedom for optimization and evolution. Inter-AS handover (here the term AS is an abbreviation of access system providing IP connectivity such as GPRS, I-WLAN and the evolved access system.) is performed in L3 level through Inter-AS MM entity. Thus there is no difference between handover within 3GPP RANs and handover between 3GPP RAN and I-WLAN. But, unlike the handover with I-WLAN, LTE requirements for the handover to and from UTRAN/GERAN are clearly given in section 8.3 in [2] as follows:

- Less than 300ms interruption time for real-time services

- Less than 500ms interruption time for non real-time services.

It is not desirable to mandate the UE to have the ability to access both the legacy RATs and the evolved access system simultaneously. So during inter-AS handover, the UE will suffer a long handover delay because it requires to set up a connection to the new radio access system from the scratch.
Considering the above requirements and the migration from UMTS to the evolved access system, the tight handover between UMTS and the evolved access system is required as we did for GSM to UMTS migration. Thus we think there can be two kinds of inter access system handover – intra 3GPP handover that is handled by tight inter-working between new and old systems and a generic intra-AS handover which can be performed purely by Layer 3 entity such as inter-AS MM. 
3 Handover between the Evolved Access System and GPRS
In order to fulfill the LTE handover requirement together with maximum performance, the following architecture is proposed.
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Figure 1. Architecture for inter-AS handover

The main characteristics of the proposed architecture are

· Two tier model for the evolved access system. The evolved access system and the legacy RANs have different IP gateways, namely an Access Gateway and GGSN.
· There are Gn interface between the Access Gateway of the evolved access system and the legacy GPRS core (GGSN and SGSN). This interface is used during inter-AS handover.

The handover procedure is divided into phases. The first phase is L2 handover phase, in which IP mobility is not involved. I.e. the IP gateway of the previous access system (GGSN or an Access Gateway) acts as an IP anchor. The second phase is optional L3 handover phase, where the IP anchor relocation is done using mobile IP. 

For L2 handover phase, inter-SGSN SRNC relocation procedure is used. For handover from the evolved access system to GPRS, the Access Gateway acts as an IP anchor in user plane. The Access Gateway also acts as a source SGSN for handover signalling towards the target legacy SGSN.
For L2 Handover from GPRS to the evolved access system, the legacy GGSN acts as an IP anchor in user plane. The target Access Gateway acts as a target SGSN from the view point of the source SGSN and the GGSN.
During L2 handover, the target system can prepare radio resource (???) to reduce handover break out time.
After the successful L2 handover, L3 handover procedure can be performed to change the IP anchor from the source system one to the target system one. During L3 handover, IP layer mobility mechanism is used through Inter-AS MM entity. In case that Mobile IP is used, Inter-AS MM entity becomes the Home Agent.
3.1 RAN/CN functional split

This section discusses RAN/CN functional split for functional assignment for the relevant WGs, which is described in SRJ-050126.

Works on overall procedure for L2 handover can be done in CN (SA2). RAN is also involved for e.g. neighbouring cell information broadcasting, measurement report and radio resource reservation etc.
L3 handover procedure falls on CN WGs.
3.2 Functional allocation to network entities

This section discusses allocation of functions to network entities as stated in SRJ-050126. For the evolved access system, two-tier architecture is assumed, which is consisted of an E-Node-B and an Access Gateway.

The Access Gateway acts the major role for inter-AS handover as described in section 3. The E-Node-B is responsible for radio related functions.
4 Idle mode mobility between the Evolved Access System and UTRAN/GERAN
The meaning of inter-radio access mobility is the case that a UE selects a new cell with a different radio technology when UE is in Idle mode. The UE performs a Routing Area Update procedure towards a new system. As a result of this procedure, L3 mobility procedure can be initiated, i.e. the IP anchor can be changed. 
4.1 RAN/CN functional split

This section discusses RAN/CN functional split for functional assignment for the relevant WGs, which is described in SRJ-050126.

As proposed in SRJ-050118, Routing Area Update in the evolved system is proposed to be worked out in RAN. The L3 mobility procedure (i.e. IP mobility procedure) falls on CN WGs.
4.2 Functional allocation to network entities

This section discusses allocation of functions to network entities as stated in SRJ-050126.

Because only the Access Gateway manages the UE’s context and state in Idle mode, all location management functions resigned in the Access Gateway. I.e. the Access Gateway terminates the location management protocols. For L3 mobility, Inter-AS MM entity is also involved.
5 Mobility between 3GPP RANs and I-WLAN

For mobility handling between 3GPP RANs to I-WLAN, L3 handover such as Mobile IP can be used.
One interesting thing to be considered is that it is difficult to define Idle mode in I-WLAN. So mobility handling from I-WLAN will be always like active handover, and then the target 3GPP access system will force the UE into Idle mode according to traffic condition
5.1 RAN/CN functional split

This section discusses RAN/CN functional split for functional assignment for the relevant WGs, which is described in SRJ-050126.

The overall procedure for the mobility support will be done in CN (SA2). The relevant radio network support needs to be worked in RAN WGs.

5.2 Functional allocation to network entities

This section discusses allocation of functions to network entities as stated in SRJ-050126.

Mainly the Access Gateway and Inter-AS MM entity are involved for L3 handover. Radio related functions during inter-AS handover will reside in the E-Node-B.
6 Conclusion

The figure 2 summarizes the proposal of functional split for intra access mobility functions.
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Figure 2. Summary of functional split
The table below is proposed change to the SRJ-050126.

	Location:

High-level Function:
	RAN
	CN
	Comments
In This table, RAN/CN split is for functional assignment to the relevant WGs

	Inter-3GPP Radio Access mobility, Connected mode
	X
	X
	

	Inter-3GPP Radio Access mobility, Idle mode
	X
	X
	

	Mobility from/to WLAN 3GPP IP access
	X
	X
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