
WO 02/089509 PCT/US02/12742 System and Method of Selecting GGSN in a
Mobile Communications Network  Background of the Invention 1. Field of the
Invention This invention relates to mobile communications and, more
particularly, to the  selection of a GGSN to aggregate data calls in a
mobile communication network. 2. Discussion of Related Art Current digital
wireless or mobile communication networks are predominantly  second
generation ("2G") networks. The dominant protocols are TDMA, GSM, and
CDMA. These networks have limited capability in servicing data (as opposed
to voice)  calls. Typical bandwidth is about 9.6Kbits/second. Third
generation ("3G") networks have been proposed. CDMA2000 and  UMTS are two
of the more popular proposed 3G networks. These proposals are  intended to
serve more voice users on a given network and to support higher data rates
(e.g., greater than 144 Kbits/second) to a mobile station, such as a "cell
phone." Figure 1 shows an exemplary arrangement of a UMTS network 100. A
geographical "coverage area" is partitioned into a number of smaller
geographical areas  called "cells" (not shown.) Mobile stations (MSs) 101
powered on in the coverage area  communicate via a radio channel to a
corresponding node 102. A plurality of nodes  102a-n communicate via links
103a-n with a corresponding Radio Network Controller  (RNC) 104. The RNC
104 aggregates the communication traffic from the nodes and  provides
functionality, such as detecting the service options activated by the MS
101.  The combination of nodes 102 and RNC 104 is called a Universal
Terrestrial Radio  Access Network (UTRAN) 105. There are potentially many
UTRANs in a network. Each UTRAN 105 communicates with a call server 108
(also called a MSC  server or a session control manager) via signaling
links 106 and bearer trunks 107 and  communicates with a SGSN 111 via IP
link 110. The traffic between the UTRAN and  the call server, i.e., voice
calls, may be ATM-based, and the interface is defined by the  



1 WO 02/089509 PCT/US02/12742  Iu-cs interface. The call server has control
logic for managing the voice calls and a  bearer plane for switching the
incoming voice traffic. The traffic between a UTRAN and an SGSN is
packet-based. The ingress to  the SGSN are GTP (GPRS Tunneling Protocol)
tunnels, and the SGSN switches these  tunnels based on instructions from
the control logic in the call server. These  instructions are contained in
IP packets and sent from the SGSN to the call server via  link 120 to the
IP network 118, from which the call server receives them. Analogously,  the
UTRAN may communicate IP traffic to the call server via the SGSN and IP
network 118, 120. The traffic in the GTP tunnels may be data traffic, e.g.,
traffic to a  web site, or it may be packetized voice in which case the
control logic would be  required to give special management to such
traffic, e.g., QoS considerations. (SGSN is  the industry acronym for
"Serving GPRS Support Node".) A call server 108 and an  SGSN 111 may each
handle a (potentially different) plurality of UTRANs 105a-n. The call
server 108 is responsible for handling circuit based voice calls if the lu-
CS interface is implemented. The UTRAN 105 is responsible for detecting the
activation of such calls and, in response to such activation, cooperates
with the call  server to establish the necessary signaling links 106 and
bearer circuits 107 to the call  server 108. The call server, in addition
to cooperating with the UTRAN, establishes  corresponding signaling links
112 and bearer circuits 114 to the voice network. More  specifically, the
call server establishes signaling links with the SS7 signaling network  113
and bearer circuits with the PSTN bearer circuit network 115. Voice calls
may  thus be routed to a called party using conventional signaling and
switching and using  circuit based techniques. A SGSN 111 is responsible
for handling data calls - both conventional data  calls such as Internet
requests and voice calls over the data network. The UTRAN 105  is
responsible for detecting the activation of such calls and, in response to
such  activation, cooperates with the SGSN 111 to establish the necessary
data paths via IP  



link 109 to the SGSN 111. The SGSN then helps establish a GTP tunnel
starting from  the UTRAN and extending to a GGSN 119 to set up a virtual
private network, or  "VPN." The control logic for this switching behavior
can reside in the call server.  (GGSN is the industry acronym for "Gateway
GPRS Supporting Node".) The SGSN  then processes the received information
and forms it into IP packets that may be carried 2 WO 02/089509
PCT/US02/12742  on the tunnel in the private IP network 118. The GGSN
receives IP packets from  potentially many SGSNs 11lj-1 and aggregates such
traffic in addition to providing  other services, such as security. The
aggregated IP traffic may then be communicated  on to a public IP network
120 such as the Internet 121. Mobility management needs to be performed for
both voice and data calls. For  circuit-switched voice calls, the call
server 108 is responsible for managing mobile  terminals. Control logic in
the call server accesses a Visiting Location Register (VLR)  116 typically
co-located with the call server to carry out this function. The VLR holds
subscriber information that is typically a subset of the information stored
in the Home  Location Register (HLR) 117. The HLR is updated to handle
mobility management for  both voice and data calls. As a subscriber roams
while making a circuit-switched voice  call, circuit connections to the
appropriate UTRAN from the call server have to be  maintained. For data
calls (including packetized voice calls) the call server is also
responsible for mobility management. In this case the GTP tunnel from the
appropriate  SGSN to the appropriate UTRAN needs to be maintained as the
subscriber roams in the  network. Mobility management in the case of data
calls involves the selection and  maintenance of such tunnels. The logic to
carry out this function resides in the call  server and accesses the HLR
and VLR to perform this function. When a MS 101 makes a data call (i.e.,
when it initiates a packet session), the  UTRAN 105 receives signaling
information, detects that a data call is forthcoming and  begins to receive
packets from the MS 101. Upon detecting that a data call is  forthcoming,
agent software executing in the call server mobility management module  



access the HLR 117 using the subscriber ID of the MS, the MS number (MSN),
the  terminal identification code, or the like, as a key to obtain certain
subscriber profile  information including the "home" GGSN for that
subscriber. As the data call  continues, the SSGN which receives the data
packets from the UTRAN sends the data  packets over IP network 118 to the
home GGSN which aggregates the packets for  subsequent transmission to the
public IP network 121, 122. The inventors believe that static assignment of
a GGSNs causes certain  inefficiencies and disadvantages. For example, if a
user is roaming, the GGSN at the  end of the tunnel may be far away from
the user. Not only is this inefficient use of the  network (as the IP
packets may have to encounter many hops in the network) but 3 WO 02/089509
PCT/US02/12742  performance will suffer. This performance disadvantage may
make the approach less  suitable for using the data side of the network for
voice over EP calls and for certain  multimedia traffic. Summary  In
accordance with the present invention, a method and system of determining a
GGSN to serve data calls in a mobile communications network is provided.
Messages  are received from the control logic in the call server, and
analyzed to determine if the  message is requesting the identity of a GGSN.
If the received message is requesting the  identity of a GGSN, a GGSN
selection algorithm is executed to identify a GGSN to  serve data calls
from a specified MS. A reply is then constructed and sent to the SGSN
identifying the selected GGSN. According to one aspect of the invention,
the GGSN that is closest to the SGSN  is selected. According to another
aspect of the invention a GGSN that has the capacity  to serve data calls
from the specified MS is selected. According to yet another aspect  of the
invention a GGSN is selected in consideration of the operational status of
network segments connecting a GGSN to the network. According to yet another
aspect of the invention, IP packet reception logic  



receives messages from the control logic of a call server, and IP packet
analysis logic  determines if the received message is requesting the
identity of a GGSN. GGSN  selection logic, which is responsive to the IP
packet analysis logic, identifies a GGSN  to serve data calls from a
specified MS, and IP packet reply logic constructs and sends  a reply
packet to the SGSN identifying the selected GGSN. According to yet another
aspect of the invention, the logic is software logic  executing on a switch
platform in communication with an HLR and with an IP network.  According to
yet another aspect of the invention, the logic is software logic executing
on the HLR. According to yet another aspect of the invention, the logic is
software  logic executing on an adjunct that cooperates with the HLR. Under
yet another embodiment of the invention, GGSN selection logic is batch-
like. GGSN selection algorithm is executed to identify a GGSN to serve data
calls from  4 WO 02/089509 PCT/US02/12742  the SGSN, and the identified
GGSN is provided to an HLR to associate the identified  GGSN with the SGSN.
Brief Description of the Drawing  In the Drawing, figure 1 is a system
diagram of an illustrative 3G mobile network; figure 2 is a system diagram
of an illustrative 3G mobile networks according to  one embodiment of the
invention; figure 3 shows GGSN selection logic according to one embodiment
of the  invention; figures 4-6 are architectural diagrams showing
alternative embodiments of the  invention. Detailed Description Preferred
embodiments of the invention provide new systems and methods for
determining and identifying a GGSN to serve a data call within a mobile
communications network. More specifically, preferred embodiments of the
invention  



select a serving GGSN based on a variety of criteria, rather than merely
use the home  GGSN in all cases. Selection may be based on (among other
things) the geographical  proximity of a GGSN, available capacity of a
GGSN, capacity of network segments  connecting a GGSN, and the operational
status of GGSNs or links to GGSNs.  Additionally, the service provider may
establish policies for selecting a GGSN which,  in turn, may be included
within the GGSN selection logic. Though several preferred  embodiments
dynamically select GGSNs (in near real-time), certain embodiments  make
selection based on batch-type selection as part of network management.
Figure 2 shows an exemplary wireless network 200 according to a preferred
embodiment of the invention. Like numerals are used to explain the same or
similar  components as those in figure 1 but the description is not
repeated for the sake of  brevity. The system 200 differs from figure 1 by
the inclusion of a HLR proxy switch  205 positioned between and
communicating with the private IP network 118 and the 5 WO 02/089509
PCT/US02/12742  HLR 117. (Persons skilled in the art will appreciate that
though HLR 117 is a logical  singular database its physical realization is
a distributed database having many  instances.) Under preferred
embodiments, HLR proxy 205 is implemented by using the  proxy switch
described in co-pending U.S. Pat. Apl. Ser. No, 09/721,329, filed  November
22, 2000, (assigned to the assignee of the instant invention) which is
hereby  incorporated by reference in its entirety. More specifically, the
proxy switch described  in the co-pending application is modified to
communicate according to the IP protocol  and with IP links and to include
GGSN selection logic discussed herein. As described in the co-pending
application, the proxy switch accepts all  signaling messages and may be
configured to do one or more of several specified  actions depending on the
received signaling message and on the state of the session and  system.
That behavior is used in certain embodiments of the present invention,
except  that the signaling information is conveyed as IP packets instead of
via SS7 signaling or  



the like. Under certain embodiments, the HLR proxy switch 205 performs one
or more  of the following in response to IP packets received from private
IP network 118: 1. HLR proxy 205 passes the message unaltered to the HLR or
the SGSN; or  2. HLR proxy 205 intercepts the messages, does not pass it
on, and instead  handles the message, including, for example, by generating
a response to the  message. The types of actions performed in each case
along with the triggering events are  described below. As will be described
below, the HLR proxy 205 may be implemented  by using the proxy switch's
ability to intercept pre-specified messages while allowing  all others to
pass through unaltered. The proxy switch is modified to handle the 3G or
other signaling protocols used and to generate responses to intercepted
messages as  described below. Figure 3 is a flow chart illustrating GGSN
selection logic of a preferred  embodiment. The logic starts at 300 and
proceeds to receive 310 IP packets from the  network, e.g., from the call
server 108 and addressed to the HLR 117. Each packet is 6 WO 02/089509
PCT/US02/12742  monitored 315 to see if the packet is a command requesting
an information element  (IE) corresponding to the GGSN for a given user.
(Such requests, as outlined above,  are initiated by the call server 108
and sent to the HLR 117 to determine which GGSN  should aggregate IP
traffic for a given user. As outlined above, ordinarily the request is
received by the HLR 117 which then replies with the user's home GGSN.) The
specific EE used is determined based on the network standard as provisioned
by the  specific service provider. If the packet does not contain such a
command, the logic proceeds to forward  320 the packet unaltered, e.g., to
the HLR 117. The HLR then handles the packet  accordingly. If as part of
handling the packet the HLR 117 sends a reply packet, the  HLR proxy 205
processes it like the above. Specifically, the HLR proxy 205 will  



receive 310, monitor 315, and pass 320 the reply packet unaltered (replies
from the  HLR by definition do not have commands requesting an EE having
the GGSN). In this  fashion, the reply is sent to the requestor, e.g., the
SSGN 111. If the packet does contain a command requesting the EE having the
GGSN, the  logic selects 325 a GGSN based on a predefined algorithm (more
below). The selected  GGSN is then encapsulated in a reply packet and sent
330 to the requestor, i.e., SSGN  111. The original IP packet is never sent
to the HLR. Once the SSGN 111 receives the request packet identifying the
GGSN to use,  the SSGN establishes a GTP tunnel to the selected GGSN as
outlined above, except  that in this instance the GGSN is not the "home"
GGSN but instead is one selected  dynamically. The selected GGSN will then
aggregate EP packets originating from, or  destined to the user, via this
GGSN. As stated above, the predefined algorithm for selecting a GGSN may be
of  many forms. One embodiment selects the GGSN that is geographically
closest to the  -MS and SSGN. In this case, the HLR proxy 205 as part of
determining 325 a GGSN  consults a network topology database (not shown)
and queries it to find the GGSN  closest to the SSGN that originated the
request. Closest, for example, may be inferred  from the fewest number of
network hops between the SSGN and the GGSN. Under an alternative algorithm,
performance criteria and/or conditions are  analyzed to select a GGSN. For
example, the GGSN selection logic may query a  7 WO 02/089509
PCT/US02/12742  management database or utility to identify IP network
segments that are underloaded  and may then select a GGSN from such a
segment. This approach may be used in  conjunction with the above or as a
substitute to the above. Alternatively, the algorithm may select a GGSN
based on reliability  information, such as avoiding GGSNs experiencing a
large number of fault conditions  and instead selecting a "back-up" GGSN.
The actual algorithm may be selected from a set of such algorithms by an  



administrator. In this example, the HLR proxy 205 would include a network
administrator interface (not shown) permitting the selection of an
algorithm by a user or  permitting the user to specify selection rules,
e.g., select one algorithm during heavy  demand hours and another algorithm
at different times. Though the above description was in relation to a HLR
proxy 205, other  embodiments of the invention may place GGSN selection
logic at other places in the  network. For example, figure 4 shows an
embodiment in which GGSN selection logic  405 (e.g., as discussed herein)
is included within the HLR 417. Figure 5 shows an  embodiment in which the
selection logic 505 is executed on an adjunct 510 that  cooperates with the
HLR 117. Figure 6 shows another embodiment in which the  GGSN selection
logic 605 is run periodically as a batch-like job as part of network
management utility. GGSNs may be selected for association with MSs based on
network performance and reliability information. The logic 605 may then
access the  HLRs via a data interface 610 and specify the GGSNs
accordingly. This access and  update would operate analogously to
programming home GGSNs into the HLR, but in  this instance the GGSN would
be based on other criteria. Variations  Currently, there are some proposals
to provide HSSs -Home Subscriber  Servers. The HSS will serve both PSTN and
IP entities for their subscriber profile and  data needs. The HSS may also
be used as a mobile transaction server allowing  subscribers to purchase
items in which case billing will be tied to the HSS. 8 WO 02/089509
PCT/US02/12742  In such cases, the selection of GGSN may be tied to mobile
commerce considerations, e.g., if a subscriber purchases an item the
network may switch him or  her to a more secure IP session with some other
GGSN. Having described an exemplary embodiment, it should be apparent to
persons of  ordinary skill in the art that changes may be made to the
embodiment described without  departing from the spirit and scope of the
invention. 



What is claimed is: 9 WO 02/089509 PCT/US02/12742  1. A method of
determining a GGSN to serve data calls in a mobile  communications network
having at least two GGSNs and a SGSN network, comprising  the acts of:
receiving messages from a SGSN; analyzing the received message to determine
if it is requesting the identity of a  GGSN; if the received message is
requesting the identity of a GGSN, executing a  GGSN selection algorithm to
identify a GGSN to serve data calls from a  specified MS; constructing and
sending a reply to the SGSN identifying the selected GGSN.  2. The method
of claim 1 wherein the act of executing a GGSN selection  algorithm
includes the act of determining a GGSN that is closest to the SGSN. 3. The
method of claim 1 wherein the act of executing a GGSN selection  algorithm
includes the act of determining a GGSN that has the capacity to serve data
calls from the specified MS. 4. The method of claim 1 wherein the act of
executing a GGSN selection  algorithm includes the act of considering the
operational status of network segments  connecting a GGSN to the network.
5. A system for determining a GGSN to serve data calls in a mobile
communications network having at least two GGSNs and a SGSN network,
comprising: 1P packet reception logic to receive messages from a SGSN; IP
packet analysis logic to determine if the received message is requesting
the  identity of a GGSN; GGSN selection logic, responsive to the IP packet
analysis logic, to identify a  GGSN to serve data calls from a specified
MS; 



10 WO 02/089509 PCT/US02/12742  IP packet reply logic to construct and send
a reply packet to the SGSN identifying the selected GGSN. 6. The system of
claim 5 wherein the network includes a HLR and wherein the IP  packet
reception logic, IP packet analysis logic, GGSN selection logic, and IP
packet  reply logic is software logic executing on a switch platform in
communication with the  HLR and with an IP network. 7. The system of claim
5 wherein the network includes a HLR and wherein the IP  packet reception
logic, IP packet analysis logic, GGSN selection logic, and IP packet  reply
logic is software logic executing on the HLR. 8. The system of claim 5
wherein the network includes a HLR and wherein the IP  packet reception
logic, IP packet analysis logic, GGSN selection logic, and IP packet  reply
logic is software logic executing on an adjunct that cooperates with the
HLR. 9. A method of determining a GGSN to serve data calls in a mobile
communications network having at least two GGSNs and a SGSN network,
comprising  the acts of: executing a GGSN selection algorithm to identify a
GGSN to serve data calls  from the SGSN; providing the identified GGSN to
an HLR to associate the identified GGSN  with the SGSN. 11 


