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1. Introduction

This contribution is related to the work of Recommendation HMF “Framework of Handover Management for NGN,” which is being progressed in the Q.2/19. This contribution is submitted to the Q.2/19 meeting for discussion. This contribution introduces the needs of considerations of horizontal handover and vertical handover separately. 

2. Proposal 
This is submitted for discussion to the SG19 2007 April meeting, and it is proposed that the suggested text should be inserted into section 6.3 of HMF after discussion.

6.3 Handover management schemes by layers

When we classify mobility management by layer concept, mobility can be divided into [1];

· Horizontal mobility: Mobility on the same layer. Generally it is referred to as the mobility within the same access technology.

· Vertical mobility: Mobility between different layers. Generally it is referred to as the mobility between different access technologies.

One of the major requirements for MM in the NGN networks is to support the mobility across a variety of heterogeneous access networks. As the viewpoint of handover management, the characteristic that NGN is composed of heterogeneous access networks makes a big distinction between horizontal handover and vertical handover as follows;

· Horizontal handover: Handover within same access networks. Generally it is referred to as the Intra-AN handover.

· Vertical handover: Handover across heterogeneous access networks. Generally, it is referred to as the Inter-AN handover.

It is noted that horizontal handover and vertical handover has different requirements and mechanisms to support handover.

6.3.1 Horizontal handover

The main concern of horizontal handover is to maintain on-going service although the change of IP address due to the movement of a mobile node. Maintaining on-going service is done by hiding the change of IP address (e.g., Mobile IP) or dynamically updating the changed IP address (e.g., mSCTP).

To hide the change of IP address during the movement of a mobile node, Mobile IP keeps two types of IP address; one permanent IP address (Home address) might be used above transport layer and one changeable IP address (Care-of address) might be used under transport layer. mSCTP could dynamically update the IP address during the on-going service.

The majority of proposed handover mechanism mights be included in horizontal handover because they focus on maintain on-going service even though only the IP address is changed.

6.3.2 Vertical handover

Vertical handover is happened when a mobile node moves across heterogeneous access networks. Differently from horizontal handover, the used access technology is also changed as well as IP address, because the mobile nodes moves different access network which uses different access technology. In this case, the main concern of vertical handover is to maintain on-going service although not only the change of IP addresses but also the change of network interfaces, QoS characteristics, and etc. 

Table 1: Changed items in horizontal/vertical handover
	
	Horizontal handover
	Vertical handover

	IP address
	Changed
	Changed

	Access technology
	Not changed
	Changed

	Network interface
	Not changed
	Could be changed

	QoS parameter
	Not changed
	Could be changed


It is noted that the proposed handover mechanisms (e.g., Mobile IP, mSCTP) for horizontal handover could not directly be used for vertical handover [2] [3]. Because the proposed handover mechanisms for horizontal handover has only the ability to solve the problem of the change of IP address, they could not maintain on-going service when network interfaces or QoS characteristics are changed. 

To support vertical handover, the modifying of legacy Mobile IP is needed [4]. If we want to use mSCTP for vertical handover, it is also needed to modify mSCTP and associated modules. 

The main capabilities of vertical handover as compared to horizontal handover are as follows; 

· Usage of different access technologies

· Usage of multiple network interfaces

· Usage of multiple IP addresses

· Usage of multiple (changeable) QoS parameters

· Usage of multiple network connections (multi-homing features) 

Table 2: Capabilities in horizontal/vertical handover
	
	Horizontal handover
	Vertical handover

	Access technology
	Single technology
	Heterogeneous technology

	Network interface
	Single interface
	Multiple interface

	Actually used

IP address at a time
	Single IP address
	Multiple IP address

	QoS parameter
	Single value
	Multiple values

	Network connection
	Single connection
	Multiple connections


Because MM mechanisms for horizontal handover assume that the mobile node has only single network interface, single IP address, and single network connection at a time, there are many restrictions to develop MM mechanisms such as break-before-make. Break-before-make in horizontal handover is that a mobile node can make a new network connection only after disconnecting the old connection. 

If we use multiple network interfaces, multiple IP addresses, and multiple network connections for vertical handover, we can develop MM mechanism based on make-before-break. Make-before-break is that a mobile node can make a new network connection before disconnecting the old connection. So, the latency time of handover could be decreased or eliminated perfectly. Also, vertical handover mechanism based on soft handover could be available
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