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Abstract 

Mobile Ad hoc Network (MANET) is a kind of 
wireless networks architecture, which is an 
infrastructureless, autonomous, stand-alone network. 
Therefore, MANET can be flexibly and simply 
deployed in almost any environment. But it has a 
limited wireless coverage and limited connectivity that 
is exclusive to the MANET boundary. The growth of 
the Internet and its services and applications and the 
trend in fourth generation (4G) wireless networks 
toward full-IP networks, lead to an increasing demand 
for enabling MANET nodes to connect to Internet and 
use its services and applications. Mobile IP and IP 
micro-mobility protocols enable the mobile host to 
access Internet and change points of attachment 
without losing the connection. So, with the co-
operation between MANET routing protocols and IP 
mobility protocol, Internet connectivity to MANET 
nodes can be achieved. In this paper, we propose an 
integrated network architecture to extend the cellular 
IP access network to multiple MANETs. We also 
propose an integration routing protocol for 
connecting MANET to Cellular IP Access network and 
Internet. The proposed protocol supports mobile nodes  
mobility between different MANETs.

1. Introduction 

Mobile IP[1] is the most widely known IP 
mobility management proposal that supports host 
mobility. Mobile IP suffers from many drawbacks, 
like high handoff delay, which results in a high 
number of packet losses, especially, in the case of 
frequent handoff (within the domain). Many solutions 
have been developed to efficiently support local 
mobility inside IP wireless networks such as Cellular 
IP[2][3], Handoff-Aware Wireless Access Internet 

Infrastructure (HAWAII)[4], Hierarchical Mobile IP 
(HMIP)[5], which is called IP Micro-mobility 
protocols. The aim of these micro-mobility protocols 
is to manage local movement (within domain) of 
mobile hosts without interaction with the home agents. 
These lead to decrease the handoff delay and packet 
loss during handoff and reduce the signaling load 
experienced by Mobile IP.  

The Cellular IP protocol proposal from Columbia 
University and Ericsson enables routing IP Datagram 
from/to a mobile host. The protocol intends to provide 
local mobility (within the domain) and it interworks 
with Mobile IP to provide macro-mobility support 
(between domains). The protocol supports fast handoff 
and paging techniques.  Micro-mobility support in a 
Cellular IP network is more important issue than the 
other micro-mobility protocols, duo to its simplicity.  

MANET [11] is a kind of wireless networks 
architecture that can be flexibly deployed in almost 
any environment without the need of network 
infrastructure or centralized administration.  

Integration of the ad hoc network to the fixed 
infrastructure IP access network provides Internet 
services and applications for the mobile ad hoc 
network users. Integration of MANET to Internet 
extends the coverage area of fixed Cellular 
infrastructure access network, so that, this integration 
can provide Internet access beyond the range of fixed 
Cellular infrastructure. 

There has been some research on the problem of 
integration of MANET to Internet as in [6][7][8]. All 
of these solutions aim to support MANET with 
Internet connectivity based on Mobile IP. The 
integration of MANET with IP micro-mobility 
protocols is better solution than integration MANET 
with Mobile IP, because the advantages of IP micro-
mobility protocols can be utilized.  

In this paper, an integrated network architecture to 
extend the cellular IP access network to multiple 
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Figure1: Integrated network architecture. 

MANETs is proposed. An integration protocol for 
connecting MANETs to Cellular IP Access network 
and Internet is proposed. The proposed protocol 
supports mobile nodes mobility between different 
overlap and none-overlap MANETs with multiple 
access points.  

The rest of this paper is organized as follows. 
Section 2 presents the proposed integrated network 
architecture. In Section 3, details of the integrated 
protocol are presented. Section 4, describes all the 
routing scenarios. Finally, section 5 concludes the 
paper. 

2. Network Architecture 

The proposed Integrated Network architecture is 
depicted in Figure 1. It consists of: (1) multiple 
overlaid and non-overlaid MANETs. (2) Access 
points, which are Cellular IP base stations (BSs) that 
run AODV routing protocol on the wireless interface 
and connected using wire link to other CIP nodes and 
CIP gateway. (3) Cellular IP nodes (CIPN) and 
Cellular IP gateway (GN), which are used to establish 
forwarding entries for mobile nodes and forward data 
packet from/to Internet. (4) Mobile nodes (MNs), 
which use its IP home address for all communication 
with Internet. AODV routing protocol is selected for 
routing inside the MANET. 

3. Protocol Design 

 3.1. Periodic Beacon Signal Message 

Base stations periodically announce their presence 
on the MANET through broadcasting beacon signal 
messages. When a mobile host receives a beacon 

signal, if it is not interest in Internet connectivity, it 
simply re-broadcast beacon signal message to its 
neighbors nodes. If mobile node wants Internet access, 
it extracts the address of base station and the beacon 
signal sequence number, and it saves them in a list of 
base stations. The mobile node should send 
encapsulated route update and page update messages 
to base station as in Cellular IP. Every mobile node 
should re-broadcast beacon signal message to it 
neighbors nodes and so on. The Time-To-Live (TTL) 
field should be set to maximum diameter of MANET. 

In the proposed protocol, it is assumed that at 
least one mobile node should be located in the base 

station coverage area, in order to broadcast the 
received beacon signal messages to other mobile node 
in the MANET. The base station IP address and 
beacon signal sequence number are used for 
preventing re-processing and re-broadcasting of 
duplicate beacon signal. It is also used for locating 
new base stations and creating a default route entry in 
mobile nodes for the selected base station.  

3.2. Route Discovery and Transmission of 
Packets 

It is assumed that, mobile nodes in an ad hoc 
network that want Internet access use their home 
address for all communication with base station and 
gateway node in cellular IP access network. The base 
station should run AODV routing protocol in its 
wireless interface. When a mobile node wants to send 
data packets to a destination address, it use a route 
discovery procedure of AODV routing protocol to 
search for that destination address.  If the destination 
found in the ad hoc network, the mobile host sends 
data packet according to AODV routing protocol. If 
the destination address is not found, Mobile node 
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performs a routing table lookup for the IP address of 
base station according to default route entry and 
tunnels data packets to base station. The base station 
de-capsulates these packets and sends them to uplink 
port toward gateway node. Then, the gateway node 
sends packets to destination node. 

3.3. Route Update and Page Update messages 

Mobile nodes in the integrated protocol use the 
same routing update and page update procedures used 
in the ordinary Cellular IP protocol to establish the 
routing entries in the routing cache of each cellular IP 
node in the path from base station to gateway node 
with the exception that the route update messages and 
page update messages may have to traverse multiple 
hops before reaching to base station. The Integrated 
protocol uses tunneling to forward route update and 
page update messages to base station.  

3.4. Movement detection and multiple base 
stations 

In the integrated protocol, there can be multiple 
hops between a mobile node and base station. The 
MANETs can be overlapped, such that no clear 
boundary between these MANETs, and the mobile 
node can receive beacon signal messages from more 
than one base station. So that, the movement detection 
used in the ordinary Cellular IP becomes not 
applicable in the proposed protocol. So, the movement 
detection algorithm used in the proposed protocol is 
based on the hop count from base station to the mobile 
node, such that the mobile node can decide whether to 
change its base station or not. The mobile node should 
change its base station and initiates handoff to new 
base station if the number of hops to the new base 
station is less than number of hops to old base station 
or the mobile node misses 2 consecutive beacon signal 
intervals form current base station or the route to old 
base station becomes invalid due to mobility or route 
expiration. 

3.5. Handoff 

A modification to the ordinary Cellular IP handoff 
schemes is proposed for the proposed protocol. 
Modified Hard handoff is used when a mobile node 
moves from one MANET to another one and these 
MANETs are not overlapped. Also hard handoff can 
be used, when mobile node loses the connection with 
the old base station or the route to old base station 
become invalid. Modified Semi-soft handoff is used 
when a mobile node moves between an overlapped 

MANETs and the hop count to new base station is less 
than the hop count to old base station 

4. Routing Scenarios 

Based on the above architecture, all the possible 
combinations and routing scenarios between the 
Cellular IP access network and MANETs are 
presented.  

4.1. Intra-MANET Routing 

Intra-MANET routing happens between a MN in 
MANET and another MN in the same MANET.  In 
such routing scenario, the routing between source and 
destination node is maintained by AODV routing 
protocol.  

4.2. Inter-MANET Routing and Intra-domain 
Routing: 

In this scenario, two MNs located in different 
non-overlaid MANETs served by different BSs in the 
same Cellular IP access network domain, and they 
want to communicate. The source MN encapsulates 
data packets and sends them to its default BS. When 
BS receives encapsulated data packets, it de-capsulates 
them and sends them uplink toward gateway node 
(GW). Gateway node checks its visitor list and routing 
and paging cache and forwards data packet downlink 
toward destination MN based on routing cache entries 
in every Cellular IP node. Then, the destination MN’s 
BS uses AODV routing protocol to route data packet 
to destination MN.  

4.3. Inter-domain Routing 

Inter-domain Routing occurs when a MN in the 
MANET wants to send data packets to a node in 
Internet (CN) or a node in Internet (CN) wants to send 
data packets to a mobile node in the MANET.  If the 
MN wants to send data packets to CN (host in 
Internet), MN should tunnels data packets to its default 
BS. Then, BS de-capsulates data packets and sends 
them uplink toward the gateway node according to 
Cellular IP protocol. Then, Gateway sends data 
packets to CN in Internet. The Internet node (CN) 
sends data packets to gateway node based on standard 
IP routing or Mobile IP. The gateway node checks its 
visitor list and routing table and then sends data 
packets downlink toward BS as in Cellular IP 
protocol. Then BS sends data packets to destination 
MN based on AODV routing protocol.  
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4.4. Inter-domain Routing (with handoff): 
Micro-Mobility. 

In this type of routing, the MN, who is currently 
in communication with CN in the Internet, may move 
between different MANETs served by different BSs. 
Figure 1 shows this routing scenario. When MN 
moves from MANET3 served by BS3 to MANET2 
served by BS2, a modified hard handoff is used in this 
case. When MN moves from MANET2 to MANET1 
served by BS1, a modified semi-soft handoff is used.  

4.5. Inter-MANET Routing in overlaid 
MANETs: 

In this scenario, two MNs located in different 
overlaid MANETs (served by different BSs ) and 
connected to each other. AODV route discovery can 
search for destination node in both MANETs. Based 
on the destination node default route and the number 
of hops obtained from route discovery procedure, the 
source MN decides to route data packets either 
through fixed infrastructure Cellular IP access network 
or direct communication between the two MANETs . 

4.6. Inetr-MANET Routing in overlaid 
MANETs (with handoff) 

In this routing scenario, a MN is in 
communication with another MN both of them are 
located in different non-overlaid MANETs in the same 
Cellular IP access network domain. Then one of these 
MNs moves to a new MANET, which is overlaid with 
the other MN’s MANET. If this MN is the source of 
data packets, then it may decide to use direct routing 
with other MN or to use routing through Cellular IP 
access network, based on route discovery procedure 
and beacon signal from new BS. If the MN is the 
destination of data packets, it will initiate a modified 
hard handoff, such that data packets will be routed 
toward new BS. 

5. Conclusion 

In this paper, we proposed an integrated network 
architecture to extend the Cellular IP access network 
to multiple MANETs.  We also proposed an 
integration protocol for connecting MANETs to 
Cellular IP access network and Internet, and support 
MANET nodes mobility between different MANETs. 
Based on the proposed Integrated network 
Architecture, we present all possible routing scenarios 
between MANETs nodes and between MANETs 
nodes and nodes in Internet. Integrating Cellular IP 

Access network with MANETs gives many 
advantages for both Infrastructure and MANET 
networks. The MANET nodes can access Internet and 
get a wide range of Internet services. MANET nodes 
can move to different MANETs with out losing the 
connection. Cellular IP access network can be 
extended to include dead zones and cover long areas. 
The number of base stations (access points) can be 
decreased. We are currently working in implementing 
and evaluation the proposed integrated routing 
protocol using network simulator ns2 and Columbia IP 
micro-mobility software (CIMS)  [10]. 

References 

[1] C. Perkins, “IP Mobility Support for IPv4,” IETF RFC 
3344, August 2002. 
[2] A. Valko, “Cellular IP: A New Approach to Internet 
Host Mobility,” ACM SIGCOMM Comp. Commun. Rev., 
vol.29, no. 1,Jan. 1999, pp. 50-65. 
[3] Andrew T. Campbell, Javier Gomez, Sanghyo Kim, 
Andras G. Valko, Chieh-Yih Wan, Zoltan R. Turanyi, 
“Design, Implementation, and Evaluation of Cellualr IP,” 
IEEE Personal Communications (August 2000), pp. 42-49. 
[4] R. Ramjee, T. La Porta, S. Thuel, K. Varadhan, S. Y. 
Wang, “ HAWAII: a Domain-based Approach for 
Supporting Mobility in Wide-area Wireless Networks,” 
IEEE/ACM Transactions on Networking, June 2002, vol. 10, 
pp. 396-410. 
[5] Eva Gustafsson, Annika Jonsson, Charles E. Perkins, 
“Mobile IPv4 Regional Registration,” INTERNET 
DRAFT,work in progress, March 2002. 
[6] U. Jonsson, F. Alriksson, T. Larsson, P. Johansson, and 
G. Q. Maguire Jr. “MIPMANET - Mobile IP for Mobile Ad 
Hoc Networks”, Proceedings of the 1st Workshop on Mobile 
Ad hoc Network and Computing (MobiHOC'00), Boston, 
Massachusetts, August 2000, pp. 75–85,. 
[7] Y. Sun, E. Belding-Royer and C. Perkins, "Internet 
Connectivity for Ad hoc Mobile Networks", International 
Journal of Wireless Information Networks, special issue on 
Mobile Ad Hoc Networks (MANETs): Standards, Research, 
Applications, 9(2), April 2002. 
[8] P. Ratanchandani and R. Kravets, “A hybrid approach to 
internet connectivity for mobile ad hoc networks”, 
Proceedings of WCNC 2003, Volume 3, March 2003, pp. 
1522-1527. 
[9] Charles E_ Perkins, Elizabeth M_ Royer, “Ad hoc On-
Demand Distance Vector (AODV) Routing”, RFC 3561,July 
2003. 
[10] Network Simulator, URL:http://www.isi.edu/nsnam/ns/ 
. http://comet.columbia.edu/micromobility. 
[11] C.K. Toh, Ad Hoc Mobile Wireless Networks protocols 
and Systems, Prentice Hall, 2002. 

Proceedings of the IEEE International Conference on Sensor Networks, Ubiquitous, and Trustworthy Computing (SUTC’06) 
0-7695-2553-9/06 $20.00 © 2006 IEEE 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


