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Mobile data networking, with worldwide roaming, is now a reality in GSM networks, and will
soon be enhanced in UMTS networks. The GPRS system is the basis of the switched packet

data service in both GSM and UMTS, and is therefore the basis for the convergence of mobile
telephony systems with the Internet. The GGSN is a core network node of the GPRS system:
the actual gateway between the mobile core network and the external packet data network

(the Internet or a Corporate Intranet), and, as such, is ideally suited to implement a new
generation of Intelligent Network services for data.

GPRS: Enabler of Mobile Data Networking

The General Packet Radio System (GPRS) enables
the convergence of mobile telephony and data
networks. In particular, the combination of GSM
mobile telephony, which allows roaming across
hundreds of countries, and IP data networks,
especially the Internet, will produce a global data
network with hundreds of millions of users. This trend
will be further enhanced in third generation (3G)
mobile telephony systems, like UMTS, the 3G
evolution of GSM, which maintains GPRS for packet-
switched data services.

The convergence of such widely developed domains
will impact both of them in a very significant way.
Mobile telephony will add many more users to data
networks than the existing ones. Data networks and,
in particular, the Internet, will add a myriad of services
to the mobile community. Merging two different
technological worlds will also be beneficial: the
telephony world will add higher standards of reliability
and the mobile handset may become the most
common access device to the Internet. IP data
networking will add a more efficient and economical
transport and switching technology.

This changing environment will even affect large GSM
equipment manufacturers, who will see small,
innovative companies competing with them, just like in
the data networking equipment market.

GPRS Networks

GPRS has been designed as an extension to the
existing GSM system to provide a packet switched
data service. GPRS greatly improves the current GSM
circuit-switched data service, offering a more efficient
and economical packet-switched data service, with
higher bandwidth. GSM-GPRS allows direct
connections to IP networks, like the Internet or a
Corporate Intranet. UMTS-GPRS adds more
bandwidth, thanks to an enhanced radio access
system, more services and a better Quality of Service
support.

The GSM radio access nodes, collectively known as
Base Station Subsystem (BSS), can be adapted
without major modifications to add support for the
GPRS packet-switched operation. However, new

mobile terminals are required to support the new radio
access protocols introduced by GPRS.

In the core GSM network, apart from minor changes
to existing GSM nodes (MSC, HLR, VLR), GPRS
introduces two new network nodes: the Serving
GPRS Support Node (SGSN) and the Gateway GPRS
Support Node (GGSN), as can be seen in Figure 1.
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Figure 1. GPRS basic network nodes. BSS would apply in
GSM networks, while UTRAN, in UMTS networks

In UMTS networks (complying with 3GPP-UMTS
Release-99) the radio access system is changed,
UTRAN replacing BSS, but the core network for the
switched packet data remains with little changes from
GSM-GPRS. UMTS, Release-2000, still keeps the
SGSN and GGSN nodes from GSM-GPRS, even
though new functionality is added to advance towards
an all-IP network.

The SGSN node manages the radio access to the
mobile terminals, which are also called mobile
stations (MS). Each SGSN node is in charge of a
number of BSS/UTRAN. When the MS moves to an
area covered by another BSS/UTRAN, the MS control
is handed over to the SGSN in charge of the new
BSS/UTRAN. SGSN nodes are also responsible for
establishing a data connection with the appropriate
GGSN node for every active MS, so that the MS can
communicate with external packet data networks.
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The GGSN Node

The GGSN provides the point of attachment between
the GPRS domain and external packet data networks,
such as the Internet or a Corporate Intranet. The
GGSN delivers the packets from the MS, which have
been relayed by the SGSN, to the external data
network, and takes all the traffic from the external
data network directed to those MS. From the outside
network, the GGSN is seen as a router for all the
traffic towards the MS’s attached to it.

Both the SGSN and the GGSN act as relay nodes for
the user data traffic between the MS and the external
packet data network. The communication between the
SGSN and GGSN nodes is through a tunnelling
protocol: GTP (GPRS Tunnelling Protocol). An
UDP/IP network transports GTP.

The GGSN node is a critical node for mobile data
networking, being the actual gateway between the
external packet data network and the GSM or UMTS
core network. It can be considered both a core mobile
network node and an Internet (or Intranet) node, so it
should combine the reliability and high throughput
associated with core network nodes with the low cost,
openness and flexibility expected in the Internet world.

Among the main requirements of a GGSN are:

• To manage the connection to many external
packet data networks, including the Internet
and all the subscribed corporate intranets.

• To perform user authentication, authorisation
and accounting (AAA) for the user Internet or
Intranet service, via RADIUS or DHCP
protocols.

• To perform all the data tunnelling and security
functionality for the Internet or Intranet
connection.

• To manage the assignment of IP addresses to
the mobile users.

• To manage the connection to many SGSNs on
the core network side, and the inter-SGSN
routeing area updates caused by the MS
mobility.

• To provide the data relay service with certain
specified Quality of Service (QoS) parameters,
which can be dynamically configurable by the
user and the network.

• To generate charging information.

Usage of Mobile Data Networking

Mobile data networking will allow access to remote
packet data networks from a mobile terminal. The
main usage patterns that can be envisaged are:

1. Internet access via WAP services. This may
be the most extended use in the short term.

2. Direct Internet access, without WAP. This
may be the most extended use in the long
term.

3. Remote access to corporate intranets. These
users may not be the most numerous, but

may probably be the ones originating the
heaviest traffic.

GGSN nodes must be designed to handle all these
three types of traffic concurrently, as shown in Figure
2. IP addressing issues are of foremost importance,
given the large numbers of new Internet users.
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Figure 2. Possible network set-up for the GGSN node to
offer: (1) direct access to the Internet, (2) WAP access to

the Internet, and (3) access to a corporate Intranet

GPRS Intelligent Network Services

Many Intelligent Network services already in voice
telephony will be required in GPRS. For instance, pre-
paid billing will no longer be feasible with off-line
mechanisms, when data sessions can last days. ETSI
and 3GPP specify CAMEL 3 as a way to implement
these services, with the SGSN acting as gprsSSF and
invoking services from a gsmSCF. However, we
believe the GGSN node is actually more suited to act
as gprsSSF, because the serving SGSN may change
as the mobile user moves, and, unlike MSCs, the old
SGSN does not retain the control association with the
gsmSCF. Instead, the existing control association is
terminated and a new one needs to be created with
the new SGSN. On the other hand, the serving GGSN
never changes during a data session, and a
continuous control association can be maintained
throughout, just like in GSM MSCs for voice calls.

Other services like Free-Phone, or special-rate calls,
would also be very interesting in GPRS. Data traffic to
and from certain web sites could be free, or charged
to the web-site owner, or charged at premium or
subsidised rates. These services would require
treating every single traffic packet, but would be
possible with very powerful local processing
capabilities at the GGSN node.

Finally, the GGSN could use to advantage the fact
that it controls the identity of the GPRS user
(validated MSISDN) and that it can analyse all the
traffic. This could, for instance, allow the on-line
charging of services delivered from the Internet.


