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Design of Network Architecture and Signaling Procedure for
Interoperability of IRIDIUM and CDMA-based Cellular Networks
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ABSTRACT
In order to provide a global roaming service across networks, it is necessary to develop mechanisms for
integration of and inter-working between different mobile/satellite communication networks. In this paper, a network
architecture has been designed for the integration of domestic CDMA-based cellular network and IRIDIUM network
which is going to provide a global satellite communication service. Specifically, we have designed a Clearing House
which could perform the conversion of signaling protocols and messages, and parameter mapping functions between
CDMA-based cellular network and [RIDIUM network. New signaling procedures for location registration and call

setup in the integrated network are also proposed.
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several large “projects including IRIDIUM [1],
GLOBALSTAR, and INMARSAT-P. These MSSs may
provide the subscribers with location independence
because it could directly use satellite beam to provide the

I. Introduction

There have world-widely been strong interests for the

development of wireless personal communication systems

to provide the global communication service to any one, at
any time, and at any place. There have been active
researches to develop a global personal communication
system that could provide a full roaming service with
worldwide coverage to the subscribers. For example,
mobile satellite system (MSS) has been being developed

to provide global telecommunication services under

service at any place in the world. MSS tends to be less
impervious to earthquakes, floods, hurricanes, and other
natural disasters. In addition, MSS will not be affected by
weather and damage of local telephone systems and
power lines, making it an important asset to disaster-relief
network operations [2]. With the reliability and

expansiveness of MSS' s services, MSS is frequently
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recommended as a compensatory network for the
terrestrial one.

In order to provide subscribers with global mobile
communication services, cellular network operators need
to develop inter-system roaming technologies. An
integration of terrestrial cellular system and satellite mobile
communication system is one of these technologies that
are used by current mobile communication service
providers [3-6]. Since architecture, interfaces and other
standards of terrestrial cellular network and MSS are quite
different, there are problems to be solved for an efficient
integration, which may include those associated with
mobile application part (MAP) protocol interoperability,
numbering, addressing, charging, billing, access method,
network management, subscriber authentication and call
routing. The interoperability of different MAP protocols is
specifically related to the achievement of an intersystem
global roaming service in an integrated network.

There are several regional standards for digital mobile
cellular systems each of which has its own MAP protocol:
GSM MAP [7][8], IS-41 MAP [9], PDC MAP [10]. There
are basically two approaches to resolve the differences
between these MAP protocols for providing intersystem
roaming service. The first approach is to use call
forwarding method, which is known to be relatively simple
to implement. The drawback of this approach is that it may
take much time to do call routing and can’ t support
intersystem handover. The second approach is to use a
gateway system with translation mechanism that could
interpret and generate the signaling message required in
each constituent system. A gateway system can provide an
intersystem roaming service between terrestrial mobile
cellular networks that have different MAP protocols. This
approach doesn’ t require the modification of constituent
mobile cellular systems. Additionally, a gateway can be
interconnected to many terrestrial mobile cellular systems.
However, the time required to perform call setup and
location registration is closely dependent on the processing

capacity and performance of a gateway in this approach.
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Uchiyama, et al., [11] designed nodes to provide roaming
services between GSM and Personal Digital Cellular
System (PDC) which is a digital cellular system developed
in Japan. In the nodes that consists of interworking location
register (ILR) and interworking mobile switching center
(IMSC), they convert MAP protocol of PDC into that of
GSM. Additionally, they designed signaling procedures to
provide intersystem roaming service using a gateway.
Yamaguchi, ct al., [12] designed a interworking function
block which mainly deals with PDC MAP / GSM MAP
protocol conversion to provide terminal mobility to
subscriber with subscriber identification card (SIM)
between PDC and GSM networks. Jorgen [13] proposed
interworking nodes similar to nodes designed by
Uchiyama. This gateway approach can also be extended to
provide a global roaming service through an integration of
terrestrial cellular systems and a mobile satellite
communication system [14, 15]. Practically, literature {16]
presents the integration scenarios of INMARSAT-P
mobile satellite communication system and terrestrial
mobile cellular system. INMARSAT-P uses GSM
compatible MAP protocol. Thus, Clearing House is
proposed as a gateway to integrate INMARSAT-P and
GSM non-compatible mobile cellular system. Clearing
House performs the conversion of MAP protocols.

In this paper, a network architecture has been designed
for the integration of Domestic CDMA-based cellular
network and [RIDIUM network that is going to provide a
global satellite communication service. MAP protocol
signaling messages carrying subscriber s information are
transferred across boundaries of networks for handling call
processing, inter-network handover, and location
registration for roaming subscribers. Domestic CDMA-
based cellular network uses common channel signaling
No.7 (CCS No.) [17] as signaling transfer protocol and IS-
41 MAP (Mobile Application Part) as MAP protocol. On
the other hand, IRIDIUM uses CCS No.7 as transfer
protocol and GSM MAP as mobile application part

protocol. Thus, we choose the gateway approach to
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integrate IRIDIUM network and domestic CDMA-based
cellular network. The gateway which could perform this
translation function is named as a Clearing House. We
design the architecture and interfaces of the Clearing
House. Specifically, we design, in Clearing House, the
functions associated with the conversion of signaling
protocols and messages, and parameter mapping between
CDMA-based cellular network and IRIDIUM network. In
addition to these functions, we propose new signaling
procedures for location registration and call setup in the

network that is integrated by using the Clearing House.

II. An Integration Architecture for IRIDIUM
System and CDMA-based Cellular System

1. IRIDIUM Mobile Satellite Communication
System

The IRIDIUM system is a global communication
system and has unique constellation of 66 low-earth-orbit
(LEO) satellites. These satellites are arranged in six polar
orbital planes 780 kilometers above the planet, each
containing 11 satellites. This configuration is suggested to
offer low path delays and global coverage. Fig. 1 shows
the network architecture of IRIDIUM

SPACE Ka-Band

VEHICLE SPACE
S T VEHICLE

1sU
ISU - IRIDIUM Subsciber Unit
MTD - Message Termination Device
SCS - System Control Segment

Fig. 1. IRIDIUM system configuration

A number of GSM system features are utilized to
implement the ground system of IRIDIUM. However,
IRIDIUM-specific modifications to GSM system features

were made in order to control the dynamic nature of the

satellite constellation

2. An Integration Architecture of IRIDIUM System
and CDMA-based Cellular System

The integration of IRIDIUM system and CDMA-based
cellular system can be done at both terminal level and
network level. Terminal level integration requires the use
of call forwarding capability. In this integration, dual-mode
terminal must have an IRIDIUM directory number as well
as CDMA directory number. This integration method has,
as drawback, a long routing time and require dual number
assignment. But the implementation is easy. This
integration may be valuable only for terminals with very
infrequent requirements for inter-network roaming. At
network level integration, both networks require
interaction for call routing and authentication between
location registers and switching centers of each network. If
MAP protocols used in each network are the same,
integration is very easy. Just one directory number can be
used and additional equipment may not be required.
However, MAP protocols used in IRIDIUM system and
CDMA-based cellular system is not the same. Therefore,
the conversion of MAP protocols is required for
integration of IRIDIUM and CDMA system.

Fig. 2 shows integrated network architecture. We

CO8 Na?

Fig. 2. Architecture of integrated IRIDIUM and CDMA
networks
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assume that dual-mode terminal may have only a CDMA
system directory number assigned through terrestrial
subscription. Since dual-mode terminal has only mobile
identification number (MIN), its subscriber is registered in
the CDMA™ s HLR and not in the IRIDIUM’ s HLR.
When dual-mode terminal cannot access broadcast channel
of CDMA in CDMA service area or is internationally
roaming in other country where CDMA service is not
available, dual-mode terminal may be registered at the
IRIDIUM' s VLR.

Network interworking will occur principally through
MAP protocol signaling across D-interface, which allows
the IRIDIUM' s VLR to communicate with the CDMA’ s
HLR of a visiting dual-mode terminal. With its CDMA
system directory number, all calls to the mobile will be
first routed to the CDMA’ s HLR. Rerouting to IRIDIUM
will be performed after the last mobile location registration
has been done in IRIDUM service area.

However, some problems may occur when MAP
messages are interchanged across network s boundaries.
CDMA system uses IS-41 MAP as mobile application part
protocol. On the other hand, IRIDIUM uses GSM MAP as
mobile application part protocol. Because of the significant
differences between the intersystem MAP signaling
protocols, transparent interworking can only be provided
through a translation mechanism that has the capability to
interpret and generate the signaling message required in
each system. The Clearing House is a gateway that could
perform these functions. The Clearing House can be
implemented in the IRIDIUM Gateway or between
IRIDIUM Gateway and ISC.

III. A Design of Clearing House

1. Clearing House Architecture

We have designed an architecture of Clearing House
shown in Fig. 3, which is composed of MTP-1, MTP-2,
MTP-3, SCCP, and TCAP. Fig. 3 also shows message

conversion part made up of conversion processor and
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mapping table, and database for roaming subscriber in the
IRIDIUM system.
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Fig. 3. Architecture of Clearing House

MTP consists of three levels: level [ corresponds to the
electrical transmission of bits from one signaling point to
another. MTP level 2 attempts to provide reliable signaling
unit transfer between two directly connected signaling
points. MTP level 3 is intended to provide reliable
signaling unit transfer between any two signaling points in
the network. SCCP supports user-to-user communication
with enhanced addressing functions such as symbolic
names for a destination, that SCCP translates into a
physical address. TCAP provides a set of tools in a
connectionless environment that can be used by an
application at one node to invoke an execution of a
procedure at another node and exchange the results of such
invocation. It includes protocols and services to perform
remote operations. MAP is an application layer protocol
using the SS7 TCAP services. To use TCAP, MAP has
defined operation codes, parameter identifiers, and error
codes for identifying MAP messages. MAP messages
could be routed to the destination using SCCP global title
translation (GTT) capabilitics. A MAP dialogue is defined
as an exchange of information between two MAP users to
perform a common task. A MAP dialogue will consist of

one or several MAP services.
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Interpretation and generation of the signaling messages
required in each system are performed in Message
Conversion Processor. Message Conversion Processor
includes mapping table that contains matching pairs of
messages and parameters. This block can also control error
codes occurred in both MAP protocols.

Location Register for Subscriber Roaming in the
IRIDIUM Network is responsible for storing, maintaining,
updating the information of subscriber roaming in the
IRIDIUM system. When a subscriber is in the IRIDIUM
system, that subscriber’ s information is stored in this
block. When the subscriber moves from IRIDUM to
CDMA system, his or her information is removed.
Location information may be changed due to the
movement of subscriber in the JRIDIUM system. This
changed information is not stored in the CDMA’ s HLR

but only in this location register.

2. Design of Interfaces and Protocol for the
Clearing House

D and G interfaces have been defined at the boundaries
for the purposes as shown in Fig. 4. Intersystem MAP
messages must be transmitted between networks through
the Clearing House, which translates IS-41 MAP message
into GSM MAP message, and vice versa. MAP messages
are transmitted through CCS No.7 network that provides
out of band channel signaling and has signaling message
transfer protocol made up of MTP1,2,3 and SCCP. The

call to the roaming subscriber is routed to its destination
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Fig. 4. D and G-interfaces and Clearing House in an integrated
network

through a real space network of the satellite interconnected
by inter-satellite links (ISLs).

3. Functions of Clearing House

Clearing House has three functions as a gateway system
for integration of IRIDIUM and CDMA system. The first
is MAP protocol conversion. Clearing House must
interpret and generate the signaling messages required in
each system taking into account of numbering plan,
addressing, routing mechanism, and access method to
acquire subscriber information. The second is mobility
management for subscribers roaming in the IRIDIUM
system. When a subscriber is in the IRIDIUM system,
subscriber’ s information is stored in the IRIDIUM' s VLR
and in the location register of Clearing House. Terminating
call of the subscriber roaming in the IRIDIUM system will
be primarily routed to Clearing House, and then rerouted to
the subscriber registered in the area where IRIDIUM
service is provided. Clearing House manages the location
information of roaming subscriber in the IRIDIUM
system. In other words, Clearing House plays role of the
HLR for the roaming subscribers in the IRIDIUM system.
The third is account management of subscriber roaming in
the IRIDIUM system. Clearing House collects account
information for the roaming subscribers and stores in the
location register of Clearing House. When CDMA system
operator requests the account information, Clearing House

provides that stored in the location register.

IV. Message Conversion, Parameter Mapping,
and Signaling Procedures

1. Message Conversion

Signaling messages are transferred across Clearing
House when the intersystem signaling is performed for
mobility management, authentication, call setup, and so
forth. As previously described, I1S-41 MAP message
format and handling procedures differ from those of GSM
MAP. We must match one MAP message to the other or
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generate new MAP message for the completion of
intersystem signaling across boundary of IRIDIUM and
CDMA system. Fig. 5 shows the message conversion for
location registration between IRIDIUM and CDMA
system. Practical signaling procedures are described in

more detail in the following subsection 3.

2. Parameter Mapping

Parameters must be taken into account to convert
messages. Parameters are closely related to numbering
plan and addressing. Call setup is performed by using
directory number (MIN; Mobile Identification Number,
IMSI; International Mobile Station Identification). So this
number must be able to be translated in each system for
call setup and signaling. Subscriber number is supposed to
be unified after time-T in which ISDN numbering plan
[18] is put into operation. Addressing must be taken into
account for the transmission of messages between both
systems. CDMA system uses mobile switching center
identification (MSCID) to differentiate MSCs. However,
IRIDIUM uses MSC address represented in ISDN
number. Clearing House plays role of MSC and VLR of an
extended cell in the CDMA system and does as Gateway
and HLR in the IRIDIUM. Therefore, the Clearing House
must have both MSCID and MSC addresses for routing of
call setup and signaling. It must also have IRIDIUM' s
HLR addresses. These addresses or IDs are recognized by
both MAP users of the Clearing House. However, there are

some parameters defined in the CDMA system and not in
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Fig. 5. Message conversion for location registration between
IRIDIUM and CDMA systems
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the IRIDIUM system, and vice versa. In this case, default
values may be assigned to these parameters through

network operators’ negotiation.

3. Signaling Procedures

Location update procedure updates the location
information held in the network, and is invoked when
subscriber power on his terminal or when subscriber
moves to other service area with terminal of the idle state,
This information is used for routing of incoming calls,
short messages and unstructured supplementary service

data to the roaming subscriber.

Move from CDMA System to IRIDIUM

When a subscriber with dual-mode terminal moves
from the service area of the CDMA system to that of the
IRIDIUM system, location registration signaling
procedures are performed as depicted in Fig. 6.

The detailed location registration procedures are

described below.

a) Dual-mode terminal tries to register to the current
serving VLR of the IRIDIUM system.

b) The IRIDIUM’ s VLR sends message requesting
location registration to the CDMA’ s HLR by using
the CDMA system directory number of the terminal

c) After the Clearing House receives the request
message from the IRIDIUM' s VLR, it acquires
international mobile equipment identification (IMEI)
from the terminal and converts GSM MAP message
into I1S-41 MAP message containing IMEI as
MobileSerialNumber. Then, the converted message is
transmitted to the CDMA’ s HLR of the terminal.

d) The CDMA' s HLR requested location registration
sends message requesting location cancellation to the
previous serving the CDMA" s VLR for the first time,
and then receives the request acknowledge message.
HLR updates its database and sends acknowledge
message to the Clearing House.

¢) Clearing House requests subscriber information to the

www.dbpia.co.kr
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CDMA'’ s HLR and receives that. Then it stores the
information in the LR of the Clearing House. It also
sends the information to the IRIDIUM' s VLR.

) The IRIDIUM' s VLR updates its database with the
information received from the Clearing House.
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Fig. 6. Location registration signaling message flow (Move
from CDMA system to IRIDIUM)

Call Setup Procedure

Clearing House performs call setup to the subscriber
roaming in the IRIDIUM system. Clearing House has two
addresses and two IDs. The MSCID of the Clearing House
is used for routing call with MSISDN of the subscriber
roaming in the IRIDIUM system. Location information
stored in the location register of the Clearing House is also
used to acquire MSRN (Mobile Station Roaming
Number).
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Fig. 7. Terminating call setup procedure for the roaming
subscriber in the IRIDIUM system

Fig. 7 shows the detailed signaling procedures which are

described below.

a) When the CDMA' s GMSC (Gateway MSC)
receives terminating call from PSTN subscriber to the
CDMA'’ s subscriber roaming in the IRIDIUM
system, the CDMA’ s GMSC requests subscriber
location information (MSCID) of the CDMA system
directory number to the CDMA’ s HLR and receives
the MSCID (the Clearing House' s MSCID)

b) The CDMA's GMSC reroutes the call to the
Clearing House with MSCID received from the
CDMA' s HLR.

c) The Clearing House requests the MSRN of the
subscriber who should be called with the CDMA
system directory number to the current serving the
IRIDIUM' s VLR and receives that number.

d) The Clearing House reroutes the terminating call to

the corresponding subscriber.

Fig.8 describes the three phased routing procedure of
terminating call to the CDMA’ s subscriber roaming in the
IRIDIUM

LREROUTING T ISU UNING MARN IN THE IRIDIUN
| sV 5%

analling path

2 REROUTING
CLEARING HAU.

1 MSISDN CALL TH CDAIA ST,

Fig. 8. Routing to dual-mode-terminal roaming in the IRIDIUM
system

V. Conclusion

In this paper, we have designed an architecture for the
integration of IRIDIUM system and domestic CDMA-
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based cellular system, and have defined network interfaces
at the boundaries where signaling messages containing
subscriber s information are exchanged. In particular, we
have designed an architecture of Clearing House that
consists of SCCP and MTP of CCS No.7, message
conversion mapping table, conversion processor that is
responsible to convert MAP/GSM and MAP/IS-41. We
have also specified the functions of Clearing House.
Finally, we suggest new signaling procedures for location
registration and call setup. Since IRIDIUM service will be
provided after time-T when ISDN numbering plan is in
operation, the conversion of parameters related to
numbering is achieved by using the current ISDN
numbering plan.

Satellite mobile telecommunication systems may
interwork terrestrial mobile telecommunication systems to
provide the global communication service to anyone, at
any time, and at any place. For this interworking, terminal
level or network level integrating of satellite and terrestrial
mobile network are needed. Korea has selected CDMA-
based cellular system for digital mobile telecommunication
system. Our work can be used to design of architecture and
signaling procedure for providing the intersystem roaming
services between mobile communication networks
including global mobile personal communication system
(GMPCS). It can also be used to realize the third-
generation mobile telecommunication system, where
IRIDIUM system may efficiently interwork with CDMA-
based cellular system.

For further research work, we are going to perform
performance evaluation such as the time delay of call setup
and handover through Clearing House in the integrated
IRIDIUM and CDMA-based cellular system, as network
configuration and other key parameters necessary for
evaluation are set. Another feasible research area may
include an efficient handover technology in the integrated
network, and an applying intelligent network technology
for integration of diverse terrestrial and/or satellite mobile

cellular networks.
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