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1.  Introduction

In reference to the contributions and discussions in SA2 about the location of Mobile IP Home Agent,  a detailed study has been made from an operator point of view. The study has taken into account of our existing network engineering experience and requirements, the implications of existing and future GPRS/UMTS architecture and the requirements for supporting efficient inter-working between wireless LAN and GPRS/UMTS. The study has also considered the technical implications of supporting Mobile IP in wireless LAN inter-working.  This contribution provides an analysis of three different scenarios with regard to the possible locations of Mobile IP Home Agent in relation to GPRS/UMTS. It then provides a recommendation on the general requirements on the location of Home Agent.

Although the discussions in the following sections are more relevant to Mobile IPv6  because they are focused only on the Home Agent,  the conclusion should also apply  to Mobile IPv4 unless otherwise stated explicitly.

2.  The Possible Locations of Mobile IP Home Agent

Taking into account of the functions of standard Mobile IP’s Home Agent and the standard architecture and the functions of GPRS/UMTS network elements, three possible locations have been identified for the Home Agent.

Option I: A Home Agent separate from  GPRS/UMTS

From the mobility management points of view, this is the most straightforward option where Mobile IP operations are completely separate from those in GPRS/UMTS. According to the standard specification of Mobile IP, the Home Agent is the router on a mobile node’s home link which is used by the mobile node to receive and send  packets when it is connected to the Home Network). This means that the Home Agent must be located within the subnet where the home link of the mobile is connected. The potential implications are:

· Distributed  control of “Home Network Resources : Wireless LAN, GPRS, UMTS”: security, service protection,  restricted resource access, … It may be more robust to network fault but  potentially be complicated  in managing the network resources.

· Full  HA Functions without exploiting existing GPRS/UMTS (e.g. GGSN) packet forwarding  function: essential use of  Proxy ARP/Proxy Neighbour Advertisement to intercept Packets to the mobile.

· Flexible but more complicated network architecture : it is especially suitable when mobiles belong to different subnets that are  operated by different operators/ISP. For the subnets that belong to the same opeator, it is necessary to decide if HA or GGSN needs to “intercept” packets for forwarding to the UE, depending who is the home network. 

· Dual Mobile IP and GPRS/UMTS Control Functions: e.g. GPRS/UMTS registration and authentication and secure  Mobile IP Registration and binding update are performed separately.

· A must for non-GPRS/UMTS operators or in areas where GPRS/UMTS is not available.
· Independent evolution of Mobile IP and GPRS/UMTS functions. A separate Home Agent from GPRS/UMTS allows for independent  evolution  and changes of both Mobile IP and GPSR/UMTS without affecting the other. This is particularly important when the two are studied by different standard bodies.

· Independent Scalability:   Separation of the Home Agent from the GGSN allows independent growth of support for mobile / Wireless LAN  traffic without necessitating changes to the GPRS/UMTS network. This is particularly important as  GPRS/UMTS and WLAN traffic is likely to grow ant different rates.
Finally, due to the special need for the Home Agent to be on the home link of the mobile so as to intercept the packet while the mobile is away from the home network, each subnet serving as the home network must have a Home Agent to support Mobile IP. 

Option II : A Home Agent “co-located” with GGSN 

Taking into account of the functions of GGSN, it is possible to co-locate Home Agent with GGSN. The co-located Home Agent is defined to be that the Home Agent functions are performed by the GGSN. 

 In comparison with Option I, this co-located Home Agent option is a cleaner approach in terms of the functional requirements for  both Mobile IP (agent discovery/advertisement/binding update/packet tunnelling)  and GPRS/UMTS  (authentication, packet forwarding, filtering, etc). 

The potential implications are :

· Centralised control of Operator’s “Home Network Resource”: security, service protection,  restricted resource access, ...

· Simplified HA Function: re-use GGSN-based Packet Forwarding function and  therefore no use of  Proxy ARP/Proxy Neighbour Advertisement to intercept Packets to UE.

· Improved Control Efficiency: e.g.  re-use or integrated GPRS/UMTS registration and authentication and secure  Mobile IP Registration and binding update.

· Easier migration to integrated UMTS R5 and Wireless LAN: supporting AAA and  Policy Management, 

· A natural extension of GGSN function: GGSN has built-in HA/FA function.

· Restricted Mobile IP functions for non-GPRS/UMTS operators.

· Potential performance impact  on the GGSN being the central location for both GPRS/UMTS and Mobile IP traffic forwarding and tunnelling.

More importantly, this implies that all mobiles that intend to use Mobile IP for macro-mobility across different access subnets will have to use  GPRS/UMTS network as the Home Network.

Option III : A Hybrid Approach with Hirarchical Home Agents

It can be seen from Option I and II that both configurations have pros and cons in terms of flexibility, control complexity and impact  of  integration of Mobile IP on existing and future 3GPP architecture evolutions. A generic approach is a hybrid model which combines the features of both Option I and II. In this hybrid model, the Home Agent functions are distributed across the subnets that use different subnet prefixes. 

To coordinate the operations of the distributed Home Agents, there can be  an  anchor Home Agent (AHA) entity that is reponsible for selecting the proper Home Agent for a mobile to use based on certain policies (load balanding, geographical locations, security, etc).  In the context of inter-working Wireless LAN and GPRS/UMTS, a hybrid model  is shown in the following diagram.










Figure 1. A  Hiarchical Architure of Home Agent Functions

It should be noted that this hybrid model only applies to the network that consists of subnets operated by the same operator when the anchor Home Agent is used.  For the case where the subnets are operated by different operators,  the Home Agents in each subnets work  independently from each other.
It can be seen from the above three possible locations of Home Agent that each option has some specific features that other two options do not have and thus may be more applicable to meet the specific deployment requirements of Mobile IP based mobility.  But there are general requirements that should be considered when selecting the location of the Home Agent for inter-working mobile IP based mobility in Wireless LAN with GPRS/UMTS.  

4.  Proposal

Based on the analysis on the pros and cons of above three possible options for the location of Mobile IP Home Agent, it is proposed that the following requirements are considered and included in Chapter 5 of TR 23.934 


Section 5.x Requirements for Selecting the Location of Home Agent for Mobile IP based Mobility 

When Mobile IP is used to support mobility, the location of the Home Agent in relation to GPRS/UMTS network should consider the following requirements:

· Operators’ control over Traffic Diverting  (Mobile Tunnelling). It should be combined with  security and 

restrictions of network resource access  based on  policies.

· Maximise Control Efficiency:   The location of the Home Agent should allow for maximum use of the existing GPRS/UMTS network functions  including the  control and packet forwarding functions, GPRS/UMTS mobility and location management, GPRS/UMTS registration and integrated AAA function. One possible solution is to co-locate the Home Agent functions within GGSN.

· Minimum Impact of integrating Mobile IP function on existing and future  GPRS/UMTS Architecture: The location of Home Agent should lead to  a cost-effective and easy migration path to future  GPRS/UMTS architecture.

· Maximum Control simplicity and Scalability: integrating Mobile IP functions into GPRS/UMTS architecture should not cause unnecessary complexity or comprise the scalability of  either GPRSW/UMTS network  or Wireless LAN.
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