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PACKET RADIO NETWORK WITH
CHARGING INFORMATION COLLECTED
BY NODES AND FORWARDED 1O BILLING
CENTER

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to packet radio networks and
particularly to carrying out charging in packet radio net-
works.

BACKGROUND OF THE INVENTION

Mobile communication systems have been developed in
order to make people free to move away from fixed telephone
terminals without, however, making them more difficult to
reach. With an increasing usage of data transfer services in
offices, various kinds of data services have been introduced to
the mobile communication systems as well. Portable comput-
ers enable efficient data processing wherever the user may be.
Mobile communication networks, 1n turn, provide users with
an elficient access network for mobile data transfer, the
access network providing access to actual data networks. For
this purpose, various new forms of data service are being
planned 1n present and future mobile communication net-
works. Mobile data transfer 1s particularly well supported by
digital mobile communication systems, such as the Pan-Eu-
ropean mobile communication system, GSM (Global System
tor Mobile Communication).

A new service 1 the GSM system 1s provided by GPRS
(General Packet Radio Service), which is one of the topics for
GSM stage 2+ standardization work being done in ETSI
(European Telecommunication Standard Institute). The
GPRS operational environment 1s constituted by one or more
subnetwork service arecas which are inter-connected by a
GPRS Backbone Network. The subnetwork comprises a
group of packet data service nodes SN, herein referred to as
serving GPRS support nodes SGSN, each of which 1s con-
nected to the GSM mobile communication network so that it
1s able to provide mobile data terminal equipments with a
packet data service via a multitude of base stations 1.¢. cells.
The mobile communication network 1n between offers a
packet switched data transfer between the support node and
the mobile data terminal equipments. The different subnet-
works, 1n turn, are connected to an external data network, e.g.
to a packet switched public data network PSPDN, via specific
gateway GPRS support nodes, GGSN. Thus, the GPRS ser-
vice provides packet data transier between mobile data ter-
minal equipments and external data networks with the GSM
network serving as an access network. One of the features of
the GPRS service network 1s that 1t operates almost indepen-
dently of the GSM network with the “conventional” GSM
network services.

One of the problems 1s how to carry out charging 1n the
GPRS network. User-related data transmission statistics,
used for charging the user, are normally gathered at the serv-
ing GPRS support nodes SGSN and at the gateway GPRS
support nodes GGSN. The SGSN collects information about
the radio interface usage and the GGSN collects information
about the data network usage. The number of SGSNs and
GGSNs 1nan MSC service area can be quite high, tens or even
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hundreds of nodes. However, no suggestions exist as to how
to carry out charging using such scattered charging informa-

tion. In the GSM mobile communication network, the billing
records (Call Detailed Records) are typically generated at the
mobile communication network or in an Intelligent Network
IN coupled thereto. However, there are no direct interfaces
from the GPRS system to the mobile network or the IN
suitable also for the GPRS charging. A further problem 1s that
the billing centers and the interfaces they use have not been
standardized even in the mobile communication networks
and are consequently different for every operator. This would
require implementing different interfaces 1n different GPRS

networks. Similar problems may also occur 1n other packet
radio networks of the GPRS network type.

BRIEF SUMMARY OF THE INVENTION

It 1s object of the present invention to enable billing 1n
packet radio networks.

A Turther object of the present invention 1s a charging
information collecting system which 1s independent of the
billing system implementation 1n a packet radio network.

The mvention relates to a packet radio system comprising,
a digital mobile communication network; packet data termi-
nal equipments; packet radio support nodes connected to the
mobile communication network which provides them with a
radio interface for packet switched data transmission with the
packet data terminal equipments; gateway packet radio sup-
port nodes providing an access point to an external packet
data network; and an internal packet switched backbone net-
work to which the packet radio support nodes and the gateway
packet radio support nodes are connected. The packet radio
network according to the invention further comprises a billing
gateway support node, which 1s connected to said internal
backbone network to receive user-specific charging informa-
tion collected by other support nodes and to forward the
charging information to the billing system.

The basic 1dea of the invention 1s to provide the internal
backbone network of the packet radio network with a new
support node establishing a gateway from the packet radio
network to the actual billing system. This support node 1s
herein referred to as a billing gateway GPRS support node
BGGSN. As the BGGSN 1s connected to the packet switched
backbone network within the packet data network, it 1s pos-
sible to exchange information between the BGGSN and any
other support node 1n the packet radio system, even in case the
nodes are 1n packet radio networks controlled by different
operators. The transmitting support node only needs to know
the address of the recerving support node. Between the sup-
port nodes that collect charging information and the
BGGSNs, a communication protocol can be determined
which 1s independent of the implementation of the operator’s
charging system, and the same 1n all the packet radio net-
works. In case the support node collecting charging informa-
tion wishes to transmit charging information of a specific
subscriber, i1t transmits the information to a specific billing
gateway GPRS support node which forwards the charging
information, either directly or indirectly, to the operator’s
charging system.

The communication protocol between the billing gateway
GPRS support node and the operator’s billing system may be
operator-specific. The other support nodes 1n the packet radio
network, however, need not know the implementation of this
interface as the iterface between the support nodes and the
billing gateway GPRS support node 1s standard.

The mmvention provides a number of advantages. In the
packet radio network, only one charging interface 1s deter-
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mined. Charging in the packet radio network 1s standardized,
but 1t 1s not restricted to one embodiment or charging system
communication protocol. The operator only needs one inter-
face for the charging system, and not e.g. a dedicated interface
in every support node. The operator may send charging infor-
mation directly to another operator, from one billing gateway
GPRS support node to another.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described by means
of 1ts preferred embodiments, with reference to the attached
drawing in which the GPRS system according to the invention
1s shown.

The present invention i1s applicable to different types of
packetradio systems 1n which support nodes are connected by
a common backbone network. The invention 1s particularly
well applicable to implementing a General Packet Radio Ser-
vice (=GPRS) in the Pan-European digital mobile communi-
cation system GSM (Global System For Mobile Communi-
cation) or similar mobile communication systems, such as the
DCS1800 and the PCS (Personal Communication System).
Below, the preferred embodiments of the invention will be
described by means of a GPRS packet radio network, which
1s a combination of the GPRS service and the GSM system,
without, however, restricting the invention to such a specific
packet radio system.

The figure 1llustrates a GPRS packet radio network imple-
mented 1n the GSM system.

The basic structure of the GSM network consists ol two
parts: a base station system BSS and a network subsystem
NSS. The BSS and mobile stations MS communicate through
radio connections. Within the BSS each cell 1s served by a
base station BTS. A number of base stations 1s connected to a
base station controller BSC whose function 1s to control radio
frequencies and channels used by the BTS. The BSCs are
connected to a mobile services switching center MSC. For a
more detailed description of the GSM system, reference 1s
made to the ETSI/GSM recommendations and “The GSM
System for Mobile Communications”, M. Mouly and M.
Pautet, Palaiseau, France, 1992, ISBN:2-9507190-07-7.

In the figure, the GPRS system connected to the GSM
system comprises two GPRS operators; operator 1 and opera-
tor 2, both having two serving GPRS support nodes (SGSN)
and a gateway GPRS support node (GGSN). The different
support nodes SGSN and GGSN are interconnected by an
Intra-Operator Backbone Network. It should be understood
that the GPRS network may have any number of support and
gateway nodes.

In a cellular packet radio network, each support node
SGSN controls a packet data service within the area of one or
more cells. For this purpose, each support node SGSN 1s
connected to a specific local part of the GSM mobile com-
munication system. This connection 1s typically to the mobile
services switching center, but in some cases 1t might prove
advantageous to make the connection directly to the base
station system BSS, 1n other words, to the BSC or one of the
base stations BTS. A mobile station MS 1n a cell communi-
cates over the radio interface with the base station BTS and
further, via the mobile communication network, with the
support node SGSN 1n whose service area the cell 1s located.
In principle, the mobile communication network between the
support node SGSN and the mobile station MS may forward
packets between these two. For this purpose, the mobile com-
munication network may ofler either a circuit switched con-
nection or a packet switched data packet transter scheme
between the mobile station MS and the serving support node
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SGSN. An example of a circuit switched connection between
a mobile station MS and a support node (Agent) 1s disclosed
in the Finnish patent application 9341135, An example of a
packet switched data transfer between a mobile station MS
and a support node (Agent) 1s disclosed 1n the Finnish patent
application 940314. However, 1t should be noted that the
mobile communication network only provides a physical
connection (access network) between the MS and the SGSN,
and 1ts exact operation or structure have no relevance to the
present invention.

The intra-operator backbone network 13, which intercon-
nects the apparatuses SGSN and GGSN of the operator, may
be implemented e.g. by a local area network, such as an IP
network, a CLNP network or an X.25 network. It should be
noted that an operator’s GPRS network may also be imple-
mented without an intra-operator backbone network, for
example by implementing all the features in one and the same
computer; such an alteration does not change the charging
principles of the invention.

The gateway GPRS support node GGSN connects the
operator’s GPRS network to the GPRS systems of other
operators and to data networks 13, such as an Inter-Operator
Backbone Network, an IP network (Internet) or an X.25 net-
work.

The inter-operator backbone network 1s a network through
which the GGSNs of different operators may communicate
with one another. This communication 1s required to support
GPRS roaming between different GPRS networks. The inter-
operator backbone network may be implemented by usinge.g
an X.23, IP, CLNP or other networks as long as the GGSN of
both sides employ the same protocols toward the backbone
network between the operators. To take an example, 11 the
intra-operator network 1s an IP network, an operator 1 may
have an internal X.235 network (in the intra-backbone network
of operator 1), and an operator 2 may have an internal CLNP
network (in the intra-backbone network of operator 2). In
such a case, the GPRS GSN of the operator 1 should use X.25
protocol locally and the IP protocol toward the inter-operator
backbone network. Similarly, the GPRS GSN of the operator
2 should use the CLNP protocol locally and the IP protocol
toward the inter-operator backbone network. It should be
noted that if the networks of both the operators and the net-
work 1n between all use the same protocol, the GGSNs
between them 1s not necessarily required but they may be
replaced by e.g. data network bridges or routers.

The gateway GPRS support node GGSN 1s also used for
storing location mformation of GPRS mobile stations. The
GGSN also routes mobile-terminating (M) data packets.
The GGSN also comprises a database which maps together
the network address of the mobile station, e.g. 1n the IP, X.25,
or CLNP network, or simultaneously 1n a plurality of them,
and the GPRS roaming 1dentity of the mobile station 1n the
GPRS network.

User-related data transter statistics, used for charging the
user, are also collected mainly at the serving GPRS support
nodes SGSN, and in the gateway GPRS support nodes
GGSN. The SGSN collects information about the radio inter-
face usage and the GGSN collects information about the data
network usage. Typically, charging 1n the packet radio system
consists of subscriber fees and traflic fees. The subscriber fee
1s aregular payment paid by the subscribers to cover a specific
period of time. The traflic fees are typically determined 1n a
packet radio network as a function of data amount and service
type, possibly service quality as well. The data amount mea-
suring techniques may include simply counting the bytes or
an advanced statistical sampling of the data traffic. In prin-
ciple, charging for usage of a packet radio network should be
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possible the same way as in general packet switched data
networks. The exact charging basis may be operator-specific.
The charging principles are not significant as far as the
present invention 1s concerned, because 1t 1s generally appli-
cable to different charging methods.

The operator’s billing system, which carries out the final
subscriber billing on the basis of the charging information
collected, may be located freely as 1t 1s not a part of the actual
packet radio network. In the example of the figure, the charg-
ing system 1s placed apart from the actual packet radio net-
work 1n a specific charging center BC. Alternatively, it may be
situated e.g. at the MSC. The exact implementation of the
charging center BC may vary operator-specifically. The exact
implementation of the BC 1s not essential to the present inven-
tion, because it 1s generally applicable to different charging
centers.

The mternal backbone network of the packet radio network
according to the mvention 1s provided with a new support
node, which provides a gateway from the packet radio net-
work to the actual charging system, such as the charging
center BC. This support node 1s herein referred to as a billing
gateway GPRS support node BGGSN. As the BGGSN 1s
connected to the intra-operator packet switched backbone
network, 1t 1s possible to exchange information between the
BGGSN and any other support node SGSN or GGSN 1n the
packet radio network, even 11 the nodes are 1n packet radio
networks of different operators. The transmitting support
node only need to know the address of the recerving support
node. Between the support nodes SGSN or GGSN that collect
charging information and the BGGSNs there exists a com-
munication protocol which 1s independent of the implemen-
tation of the operator’s charging system, and the same 1n all
the packet radio networks. In case the SGSN or GGSN col-
lecting charging information wishes to transmit charging
information of a specific subscriber (1dentified with e.g. an
international mobile subscriber 1dentity IMSI 1n the GPRS
system) to the charging center BC, 1t transmits the informa-
tion 1n data packets corresponding to the protocol (e.g. IP) of
the backbone network, the data packets containing the net-
work address (e.g. IP address) of a specific BGGSN. The data
field of the data packet may contain the charging information
in a suitable format. The data field may contain subfields
which contain the IMSI, data amount and the service type.
The BGGSN recerving the data packet forwards the charging
information to the operator’s charging center BC. The exact
implementation of the protocol used 1n the charging informa-
tion transfer 1s not essential to the invention, but the invention
1s generally applicable to all the protocols. The BGGSN may
also butler, combine or pre-process the charging information
in some other way before sending 1t to the EC.

The BGGSN address to which other support nodes send
charging information may be either fixed or dynamaic. In the
former case, the support node SGSN or GGSN always sends
the charging information to the same BGGSN whose address
1s permanently stored 1n the support node. In the latter case,
the BGGSN to which the charging information 1s sent varies
¢.g. according to the service type or subscriber. In case the
address varies according to subscribers, the address of the
correct BGGSN 1s given to the support node when the sub-
scriber begins to use a GPRS service. The BGGSN to which
the support node sends the charging information may be
within the network of the same or a different operator. For
example, the SGSN 1n the network controlled by the operator
1 may send charging information to the BGGSN of the same
network, when the subscriber’s home network 1s the network
of the operator 1. However, the same SGSN may also send
charging information to the BGGSN of the operator 2, when
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the home network of the subscriber 2 1s the network con-
trolled by the operator 2 and the subscriber 1s roaming in the
network of the operator 1. In such a case, a data packet
containing the charging information 1s routed from one net-
work to another the same way as other data packets. In a
similar manner, the BGGSNs (and consequently BCs) of
different operators may also exchange information by send-
ing data packets from one network to another via the inter-
operator backbone network or data network. It1s also possible
that the SGSN sends the charging information to the BGGSN
of the operator 1, even if the home network of the subscriber
2 1s the network controlled by the operator 2 and the sub-
scriber 1s roaming in the network of the operator 1 (the visitor
network).

The BGGSN may be connected to the BC either directly (as

the operator 1 BGGSN connection 12 1n the figure), or indi-
rectly via an intermediate network (such as an intelligent
network IN) or a network element (as the operator 2 BGGSN
connection 12 in the figure). The connection and communi-
cation protocol between the BGGSN and the operator’s
charging center BC may be operator-specific. It may be based
¢.g.on SS7 (Signalling System 7) employed by e.g. the GSM
system. The connection and the communication protocol are
not signmificant as far as the invention 1s concerned, as the
invention 1s meant to be generally applicable to all the solu-
tions.

The description 1s only intended to 1llustrate the preferred
embodiments of the present invention. The invention 1s not to
be restricted to these examples, but 1t may be modified within
the scope of the attached claims.

What 1s claimed 1s:

1. A [packet radio] system comprising:

a digital mobile communication network;

packet data terminal equipments;

packet radio support nodes connected to the mobile com-

munication network which provides them with a radio
interface for packet switched data transmission with the
packet data terminal equipments;

gateway packet radio support nodes providing an access

point to an external packet data network;

an iternal packet switched backbone network to which the

packet radio support nodes and the gateway packet radio
support nodes are connected; and

a billing gateway support node, connected to said internal

packet switched backbone network to recerve user-spe-
cific charging information collected by the other support
nodes and to forward the charging information to [the] a
charging system.

2. The [packet radio] system as claimed in claim 1, wherein
[the] @ communication protocol between the billing gateway
support node, the packet radio support nodes and the gateway
packet radio support nodes 1s a packet switched communica-
tion protocol of said internal packet switched backbone net-
work.

3. The [packet radio] system as claimed in claim 1, wherein
[the] a first communication protocol between the billing gate-
way support node, the packet radio support nodes and the
gateway packet radio support nodes 1s independent of a sec-
ond communication protocol between the billing gateway
support node and the charging system.

4. The [packet radio] system as claimed in claim 1, wherein
[the] @ communication protocol between the billing gateway
support node and the charging system is different from a
packet switched communication protocol of said internal
packet switched backbone network.
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5. The [packet radio] system as claimed in claim 1, wherein
the billing gateway support node 1s provided with a direct
connection to the [billing] ckarging system.

6. The [packetradio] system as claimed in claim 1, wherein
the billing gateway support node is connected to the [billing]
charging system via an intermediate network, [such as] tze
intermediate network comprising an intelligent network, or
via an intermediate network element, [such as] the interme-
diate network element comprising a mobile services switch-
ing center.

7. The [packet radio] system as claimed in claim 1, wherein
[the] ar address of the billing gateway support node to which
the other support nodes send charging information 1s fixed.

8. The [packetradio] system as claimed in claim 1, wherein
[the] ar address of the billing gateway support node to which
the other support nodes send charging information 1s
dynamic.

9. The [packet radio] system as claimed in claim 8, wherein
the address of the billing gateway support node to which the
other support nodes send charging information 1s subscriber-
specific and 1s given to the respective other support node
when the subscriber begins using a service.

10. The [packet radio] system as claimed in claim 8,
wherein the support nodes are arranged to send the charging
information to the billing gateway support node of the sub-
scriber’s home network or [the] a visited network.

11. The [packet radio] system as claimed in claim 2,
wherein [the] a first communication protocol between the
billing gateway support node, the packet radio support nodes
and the gateway packet radio support nodes 1s independent of
a second communication protocol between the billing gate-
way support node and the charging system.

12. The [packet radio] system as claimed in claim 2,
wherein the communication protocol between the billing
gateway support node and the charging system 1s different
from a packet switched communication protocol of said inter-
nal packet switched backbone network.

13. The [packet radio] system as claimed in claim 3,
wherein the communication protocol between the billing
gateway support node and the charging system 1s different
from a packet switched communication protocol of said inter-
nal packet switched backbone network.

14. An apparatus, comprising:

a network interface interconnecting packet radio support
nodes of a packet rvadio system which provides user
terminal equipments with packet data services; and

gateway packet radio support nodes providing an access
point to an external packet data network; and

said apparatus is configured to receive user-specific charg-
ing information collected by the other support nodes and
to forward the charging information to a charging sys-
lem.
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15. The apparatus as claimed in claim 14, wherein a com-
munication protocol between a billing gateway support node,
the packet radio support nodes and the gateway packet radio
support nodes is a packet switched communication protocol
of an internal backbone network.

16. The apparatus as claimed in claim 14, wherein in that
a first communication protocol between a billing gateway
support node, the packet vadio support nodes and the gateway
packet radio support nodes is independent of a second com-
munication protocol between the billing gateway support
node and the charging system.

17. The apparatus as claimed in claim 14, wherein a com-
munication protocol between a billing gateway support node
and the charging system is diffevent from a packet switched
communication protocol of an internal backbone network.

18. The apparatus as claimed in claim 14, comprising a
dirvect connection to a billing system.

19. The apparatus as claimed in claim 14, wherein a billing
gateway support node is connected to the billing system via
an intermediate network, the intevmediate network compris-
ing an intelligent network, or via an intermediate network
element, the intermediate network element comprising a
mobile services switching center.

20. The apparatus as claimed claim 14, whevein an address
of a billing gateway support node to which the other support
nodes send charging information is fixed.

21. The apparatus as claimed in claim 14, wherein an
address of a billing gateway support node to which the other
support nodes send charging information is dynamic.

22. The apparatus as claimed in claim 21, wherein the
address of a billing gateway support node to which the other
support nodes send charging information is subscriber-spe-
cific and is given to the respective other support node when
the subscriber begins using a service.

23. The apparatus as claimed in claim 15, wherein a first
communication protocol between a billing gateway support
node, the packet radio support nodes and the gateway packet
radio support nodes is independent of a second communica-
tion protocol between the billing gateway support node and
the charging system.

24. The apparatus as claimed in claim 15, wherein a com-
munication protocol between a billing gateway support node
and the charging system is different from a packet switched
communication protocol of an internal backbone network.

25. The apparatus as claimed in claim 16, wherein the
communication protocol between a billing gateway support
node and the charging system is different from a packet

switched communication protocol of an internal backbone
network.
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