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Abstract- Next generation systems will support mobility based on 
the continuing advancements in wireless technology. An 
integrated solution, whereby mobility management is an integral 
part of the IP layer routing protocol, would be more 
advantageous for both the operator and the end user. In this 
paper, we present two mobility management architectures based 
on SIP and Mobile IP protocols. These configurations mainly 
allow/provide mobility in two different layers namely the 
application and network layers and due to that our proposal is 
so-called multilayered. Such mobility should be present over 
heterogeneous networks, such as UMTS, WLANs, as well as, 
fixed networks.  The two proposed architectures are evaluated in 
terms of mobility-related metrics and for two types of traffic, real 
time and non real time. Finally, we propose the most suitable 
architecture for mobility management over heterogeneous all-IP 
infrastructures.    
 

I. INTRODUCTION 

 

Third generation systems (3G) have been designed to 
provide Internet connectivity to the end user, with support 

based on miscellaneous IETF protocols. Concurrently, as IP 

routing capability being pushed to the edge of networks, it is 

inefficient to manage mobility at layer 2 as cellular networks 

currently do. An integrated solution, whereby mobility 

management (MM) is an integral part of the IP layer routing 

protocol, would be more advantageous for both the operator 

and the end user.  

In this paper, we present two mobility management 

architectures based on SIP (for session, service and personal 

mobility) and Mobile IP (for network mobility) protocols. The 

intra-domain mobility is handled either by Hierarchical 

Mobile IP or Cellular IP [1], however it is not addressed in 

this study. The two proposed approaches namely SIP-based 

and hybrid SIP/Mobile IP mainly provide mobility in two 

different layers: the application and network layers. Therefore 

we conveniently call this multilayer mobility management. At 

the same time, mobility should be allowed over heterogeneous 

networks, such as UMTS, WLANs, as well as, fixed networks 

and thus our approach is hierarchical as well as modular. The 
two mobility architectures are evaluated in terms of various 

performance metrics, i.e. handoff latency and packets loss. 

Finally, we propose the most suitable architecture for 

managing mobility in heterogeneous IP-based networks.  

The reminder of the paper is structured as follow: Section II 

addresses mobility management in all-IP based networks. 

While section III and section IV explain pure SIP and hybrid 

SIP/Mobile IP approaches respectively. Finally, section V 

evaluates both approaches performance and proposes the most 

suitable for supporting macro-mobility in heterogeneous IP-

based infrastructures.   

 

II. MOBILITY MANAGEMENT IN ALL-IP NETWORKS 

 

The motivation for utilising the Session Initiation Protocol 

(SIP) [2] spawned from its ability to provide session 

management as a mean to provide personal and service 

mobility. Furthermore, [3] has proposed to extend SIP with 

functions that would support terminal mobility, alleviating 

some of the shortcomings associated with Mobile IP and its 

route optimisation variants. The Extended SIP mobility 
approach (Fig. 1) introduces mobility awareness at a higher 

layer than the network layer. SIP already supports user 

mobility and the approach is to extend SIP as an application 
layer signalling protocol, in order to support end system 
mobility. It is important to note that SIP does not support TCP, 

as it breaks TCP connections. Therefore Extended SIP 
mobility applies only for real-time communications over UDP.  

Supporting terminal mobility for TCP with SIP requires a 

tracking agent on the mobile host (MH) to maintain a record 

of its ongoing TCP connections, as well as, IP encapsulation 

capabilities on each correspondent host (CH). 

On the other hand, Mobile IP (MIP) [4] provides a network 

layer solution to node mobility across IP networks. While 

roaming, a mobile node maintains two IP addresses, a 

permanent home address used in all transport layer 
connections, and a topologically correct care-of address (CoA) 

that reflects the current point of attachment. The CoA is 

obtained either through a Foreign Agent (FA) or auto-

configuration process. A location register on the home subnet, 

referred to as Home Agent (HA), maintains a mobility binding 

that maps the mobile node’s home address to a CoA. The HA 

acts as a proxy in home network, attracts packets addressed to 

the mobile node, and employs tunnelling to re-direct packets 

to the mobile node’s CoA. Mobile nodes send registration 

requests to inform the HA of any change in CoA or to renew a 
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mobility binding. MIP provides an elegant solution for node 

mobility when the mobile node infrequently moves. However, 

MIP suffers from indirect communications, which increase the 

delay and cause an overhead due to tunnelling, which 

decreases the bandwidth utilization.  

 
Fig. 1: Network architecture for SIP and MIP approaches.  

Although MIP and SIP could work in a complementary 

manner to support inter-domain mobility (mobility across 

different administrative domains), they both are unsuitable for 

handling intra-domain mobility. Intra-domain mobility must 

either be supported by lower layers, or by other more efficient 

solutions. In the IST EVOLUTE project1, both Hierarchical 

Mobile IP (HMIP) [5] and Cellular IP (CIP) [6] are considered 

to handle micro-mobility, however this issue is not addressed 

here. 

Concurrently, two approaches are considered to handle 

macro-mobility. The first uses SIP in combination with IP 

encapsulation mechanisms on CHs to support mobility for all 

types of traffic from/towards the MH (SIP-based approach for 

mobility management). However, the second approach 

performs separation of traffic and employs SIP in combination 

with NAT (Network Address Translation) mechanisms to 

support mobility for real-time traffic over UDP, whereas, 
mobility for non-real-time traffic (mainly TCP-based 

applications) is supported by MIP (hybrid SIP/Mobile IP 

approach for mobility management). The following sections 

provide a detailed description of the two approaches.  

  

III. PURE SIP APPROACH FOR MM 

 

This approach uses SIP signalling to support macro-
mobility, while fast handoffs and paging can be supported by 

HMIP or CIP. Fig. 2 illustrates this hierarchical scheme, 

which handles mobility of hosts in two layers. The mobile 

hosts are identified with their private home addresses within 

the micro-mobility areas. This provides location privacy and 

                                                
1
 EVOLUTE-2001-32449 is an Information Society Technologies (IST) 5

th
 

framework project, which is funded by the European Community. 

application transparency, while the mobile host roams within a 

visited domain.  

If the MH moves during a session, the SIP User Agent 

(UA) sends a SIP re-INVITE request message to each one of 

its corresponding hosts. In this message, the mobile host 
includes its original SIP user identifier into the from-field of 

the SIP header. It also includes its new IP address into:  

o the Contact field of the SIP header, in order to inform the 
corresponding host where it wants to receive future SIP 

messages, and 
o the c (connection) field of the SDP header that contains a 

description of the session, in order to redirect the data 

traffic flow towards its new location. 

 

 

Fig. 2: SIP-based approach for mobility management. 

After receiving the SIP INVITE message, if the CH runs a 

TCP session, IP encapsulation is used to forward data to MH. 

The encapsulated data packets are captured by MH, which in 
turn decapsulates them. Data traffic from the MH is also 

routed to the CH by using encapsulation. However, if CH runs 

a UDP session, it would send IP packets directly to MH’s new 

address. The MH completes the handoff by sending a SIP 

REGISTER message towards the SIP server on its home 

network (Home Registration). Therefore, the main drawback 

of this approach is that it requires IP encapsulation capabilities 

on each host. 
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Fig. 3: Message Sequence for the Pure SIP approach. 

In Fig. 3, the message sequence for the SIP-based approach 
involves DHCP operation, then the SIP messages exchange 

and finally the tunnelling of data packets towards the 

destination. 

 
IV. HYBRID SIP/MOBILE IP APPROACH FOR MM 

 

Similarly to the previous approach, this scheme follows a 

“multilayered” approach. For the intra-domain mobility, 

HMIP or CIP is employed to support fast handoffs and paging. 

However, inter-domain mobility is now based on the synergy 

of SIP with Mobile IP. Traffic from/towards a MH is 
separated on the domain edge routers; SIP signalling is used to 

support inter-domain mobility for real-time traffic (RTP over 

UDP), while MIP supports non-real-time traffic, as shown in 

Fig. 4. Following this approach, the IP encapsulation 

requirement on the end hosts is avoided. 

 

Fig. 4: Hybrid SIP/Mobile IP approach for mobility management. 

Locating MIP FAs at micro-mobility gateways would 

require the seamless interworking of MIP with HMIP/CIP. 

MIP supports macro-mobility for non-real-time traffic, which 

bypasses the NAT. This traffic would normally be routed 

towards the MH through its home network using tunnelling. 

The overhead introduced by IP-in-IP encapsulation is not so 

critical for these non-real-time applications. On the other 

hand, macro-mobility for real-time traffic is supported with 

SIP signalling. NAT functionality is required on domain edge 

routers, since MHs are identified by their private home 

addresses within micro-mobility areas. The use of NAT for 

real-time traffic introduces problems that involve the blocking 

of IP communications because the IP voice and video devices 

behind the NAT have private IP addresses that are not routable 
outside their local domain or on the public Internet. This is 

due to the fact that the IP address of the calling end-host is 

embodied in the VoIP (Voice over IP) signalling message.  

In the Hybrid SIP/Mobile IP approach, similar message 

exchanges are involved as in the first case, however we 
additionally have the Mobile IP operation, as it is shown in 

Fig. 5. In order to illustrate this better, we have included two 

CHs in the FCM (Flow Chart Message), one that supports real 

time traffic and one that supports non-real time traffic. 

Furthermore, in this scenario, we use the NAT/STUN 

functionalities, which increase the overall signalling load.   

Fig. 5: Message Sequence for the Hybrid SIP/MIP approach. 

 
V. PERFORMANCE EVALUATION 

 

In order to evaluate the performance of the two proposed 
mobility approaches, we consider two different scenarios. In 

the first one, we compare the operations of the two protocols, 

i.e. SIP and Mobile IP, when real time traffic is injected in the 

network. In the second simulation scenario, we investigate the 

behaviour of the two protocols, and thus the two architectures, 
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by injecting non-real-time traffic in the network. Finally, we 

conclude this work and by interpolation select the best 

possible approach for supporting seamless multimedia 

services over all IP-based infrastructures. 

 

A. Real Time Traffic Scenario 
 

The simulator was implemented using OPNET. MH is 

located in a foreign, or visiting, network, while CH is located 

in another network, which is not MH’s home network.  The 

CH sends UDP packets every 20ms to MH. The Internet delay 
is exponentially distributed.  

Our simulation studies were carried out on several 

performance measures, defined as follows: 

1. Packet Loss Ratio (PLR) – Ratio of total number of 

packets lost to the total number of packets transmitted.  

2. RTP Stop Time (RST) – The time difference from the 

point MH detected change of network and stop receiving 

data until the handoff procedure is completed and MH 

resumes data reception. 

 

Effect of Tri-angular Routing 
In the first simulation scenario, no handoff is involved.  For 

the case of MIP, MH receives packets via a tunnel from its 

HA.  Whereas SIP, packets are sent to MH directly from CH.  

IP-based real-time application typically uses a playout delay to 

overcome network jitter.  Here, we set playout delay (tpo) to 

1000ms (for streaming application) and 500ms (for speech or 
voice).  If a packet reaches the MH at after a delay greater 

than tpo, packet is discarded by the application. 

 Fig. 6 shows that the PLR for MIP is consistently higher. 

This is due to the fact, MH is in a foreign network and thus 

packets always take two steps (first to HA and then FA) to 
reach it.  Such operation results in higher jitter and hence 

higher number of packets discarded by the destined 

application. 

 

RTP Stop Time 

Further on, we look at the disruption caused during a 
handoff.  As a handoff takes place, the times when MH 

temporarily stops its RTP session are recorded.  There are two 

possible ways, in which SIP-based MH reacts during a 

handoff: 

a) Resume RTP session once SIP-OK message is received 

from CH; MH does not wait for SIP-Reregister-OK from 
its Home Registrar; this is denoted as “half handoff” 

(hho), or 

b) Resume RTP session only after both SIP-OK and SIP-

Reregister-OK are received from CH and its home 

registrar respectively; this is a “full handoff” (fho).   

Fig. 7 shows that the RTP stop time is consistently lower 

for the case of MIP, even as compared to SIP “half handoff” 

operation.  This is because of the separate address acquisition 

procedure (DRCP) in the SIP-based handoff. Several 

messages are exchanged during this procedure and MH starts 

sending handoff message only after completing this procedure.  

Such delay is further boasted if the delay at the wireless link 

between MH and the fixed network is higher.  

 

Packet Lost Ratio 
The setup in this simulation scenario is the same as in the 

previous case but now MH performs handoff regularly.  It can 

be seen from Fig. 8, that the PLR for MIP marginally 

increases only as handoff frequency increases (as the main 

source of packet loss for MIP is packet discard due to playout 

delay).  In contrast, SIP creates more packet loss as the 

number of handoffs increases (as the main source of packet 

loss is due to RTP pause time).  Generally speaking, SIP gives 

better performance if MH is relatively static, while MIP is 

better if MH handoffs more frequently.  In this setup, when the 

mean handoff interval is greater than about 15 seconds (for 

wireless link delay of 50ms) and about 10 sec (for wireless 
link delay of 20ms), SIP is better.  Since the handoff interval 

in practice is very likely to be higher, we can deduce that SIP 

gives a better handoff performance as far as real time 

applications are concerned (performance can also be affected 

by other factors such as distance between CH and MH, 

wireless link delay & delay of DHCP, AAA and security 

operation if applied). 

 

0

5

10

15

20

25

30

35

0 50 100 150 200 250

Mean Internet Delay (ms)

P
ac

ke
t 

Lo
st

 R
at

io
 (

%
)

MIP (tpo=1sec)

MIP (tpo=0.5sec)

SIP (tpo=1sec)

SIP (tpo=0.5sec)

 
Fig. 6: PLR for RTP session running over SIP and MIP. 
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Fig. 8: Packet Lost Ratio for SIP and MIP. 

 
B.   Non-Real Time Traffic Scenario 

 

In the following simulation scenario, we investigate the 

performance of the proposed mobility scheme for TCP-based 

traffic.  MH runs a FTP session to download a single large file 

in a client-server model.  SACK version of TCP is used.  

While MH is downloading a 2-Mbyte file from a FTP 
server, a handoff takes place.  The handoff operation involved 

in MIP-based MH is straight forward, whereby MH only 

updates its HA.  Such operation is transparent to  the CH (i.e. 

the FTP server) and the ongoing TCP session.  On the other 

hand, the MH using the SIP-based handoff approach must 

keep a list of its ongoing TCP sessions and the associated CH.   

As handoff occurs, it executes the SIP-based handoff 

procedure.  It then sends and receives IP packets to and from 

the FTP server with IP encapsulation.  

Handoff at the middle of a file download results in 

packet(s) loss in the downlink (totally 17 packet lost in our 

setup), due to packet misrouting to MH’s old network.  Such 

number of packet lost forces TCP to move to the slow start 

phase, which in turn decreases the throughput of TCP and 

increases the file download time.  

 
Fig. 9: Received TCP segment number. 

Although SIP-based handoff takes longer time to complete, 

the MH is able to interact with the FTP server directly without 

triangular routing, and hence with shorter round trip time.  

This greatly enhances the performance of TCP.  Although 

MIP gives a lower handoff disruption time (see Fig. 7), the 

difference is insignificant to make a different in the 

performance of TCP. As shown in Fig. 9, the received 

segment number at the MH for SIP is much higher than that of 

MIP even prior to handoff.  Because of the triangular routing 

in MIP, SIP performs better than MIP in all aspects, including 
file download time, congestion window recovery time, and 

sequence number sent. Nevertheless, the SIP-based approach 

requires IP encapsulation at both ends (MH & CH) as well as 

tunnelling. This suggests changes to be made to the IP stack of 

all IP hosts, both in the mobile and fixed networks.  Therefore, 

after considering these factors, SIP turns out to be practically 

unsuitable for handling mobility for MHs running TCP-based 

application. While, MIP provides a simpler and more practical 

solution. 

 
VI. CONCLUSIONS 

 
This paper after having thoroughly investigated two 

mobility management approaches, namely SIP-based and 

hybrid Mobile IP/SIP, it proposes a complete mobility 

framework for IP-based network infrastructures. 

During the first set of investigations, Mobile IP and SIP 

were tested for their ability to handle real time sessions. As 
expected, SIP turned out to be the dominant solution. 

However, when non-real time traffic was injected in the 

network, SIP required certain treatment (all hosts require IP 

encapsulation, MHs need a list of ongoing TCP sessions and 

cross-layer cooperation is needed between SIP, TCP, IP and 

perhaps the OS of the MH), which makes it unsuitable for 

non-real time applications.  Nonetheless, it must be stated that 

triangular routing is a serious problem of MIP and 

countermeasures are required. 
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Taking these findings under consideration, a complete 

mobility management architecture for IP-based infrastructures 

is proposed. The real time “domain” is SIP-based whereas 

Mobile IP is used for non-real time sessions. This hybrid SIP 

and Mobile IP approach is at the same time multilayered, since 

Cellular IP or Hierarchical Mobile IP can be used for 

supporting micro-mobility.        
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