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METHOD AND SYSTEM FOR MANAGING DATA 
TRAFFIC IN WIRELESS NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to and the bene?t 
of US. Provisional Patent Application Ser. No. 60/325,592, 
?led Sep. 28, 2001, entitled METHOD AND SYSTEM FOR 
MANAGING DATA TRAFFIC IN WIRELESS NET 
WORKS, the entire disclosure of which is hereby incorpo 
rated by reference. 

TECHNICAL FIELD 

[0002] This invention relates to the ?eld of telecommuni 
cations and, more particularly, to the management of data 
tra?ic in wireless networks. 

BACKGROUND INFORMATION 

[0003] Wireless network technology allows a mobile user 
to wirelessly connect to a wired network, such as an enter 
prise’s local area network (LAN) or wide area network 
(WAN), or to another wireless network. Enterprises today 
are rapidly deploying wireless technology, in part because of 
the decreasing cost of mobile devices (e.g., personal digital 
assistants like the Compaq iPAQ by Compaq Corporation of 
Houston, Tex. and laptop computers) and wireless access 
points, and in part because of the increasing ease of instal 
lation and deployment, among other reasons. Such wireless 
network technology can provide LAN and/or WAN service 
to enterprises’ authorized users without wire installation and 
without tethering users to network connections. Wireless 
networks typically include mobile devices and wireless 
access points, which are portals to the wired network. 
Wireless access points are available with varying degrees of 
intelligence and functionality. Some merely act as bridges 
that relay wireless tra?ic into a wired network, while others 
provide additional functionality. Typically, simpler access 
points that provide less functionality cost less, but may not 
provide features necessary for operation within an enter 
prrse. 

[0004] Devices that conform to the IEEE 802.11 standard, 
a family of speci?cations for wireless networks developed 
by a working group of the Institute of Electrical and Elec 
tronics Engineers (IEEE), are very popular and, particularly, 
the 802.11b technology has garnered wide acceptance in 
many businesses as standard networking technology. This 
technology e?‘ectively replaces an Ethernet cable from a 
router to a computer with a wireless link. Each 802.11b 
access point can support dozens of mobile devices by 
sharing 11 Mbps (megabits per second) of capacity. There 
can be up to three access points working in the same area, 
and each typically has an indoor range of 80 feet at 11 Mbps 
and 300 feet at 1 Mbps. 

[0005] Despite the freedom and convenience provided by 
wireless networks, establishment of adequate security is a 
barrier to adoption. Wireless networks introduce a series of 
new security problems to organizations because physical 
connection to a network is not required for access. Wireless 
network signals typically have ranges beyond the physical 
con?nes of a building. Any compatible network adapter or 
access point within the range of an 802.11b access point can 
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join the network. Thus, these networks can potentially make 
otherwise proprietary resources available to unauthorized 
users. 

[0006] To o?cset the susceptibility of wireless networks to 
unauthorized accesses, the 802.11b standard provides a 
security protocol called Wired Equivalent Privacy (WEP). 
WEP attempts to provide a wireless network with a level of 
security and privacy comparable to a wired network by 
providing access control, link privacy and data integrity 
functions. When WEP is enabled on an 802.11b network, a 
secure key is entered into each mobile device and this key 
is used to encrypt and authenticate data. 

[0007] Many practitioners view the security provided by 
WEP as inadequate, however, and for many applications 
users typically implement additional security measures to 
supplement the de?ciencies of WEP. For example, several 
independent studies have shown that, with relatively minor 
e?cort, attackers can gain access to a WEP-secured wireless 
network by eavesdropping on the network. The studies have 
also shown that attackers can log on to WEP-enabled 
networks as bona ?de users and send data into the networks 
without being detected. 

[0008] To overcome WEP’s ?aws, industry organizations 
have recommended using Virtual Private Networks (V PNs) 
to provide security for wireless networks. Unfortunately, the 
currently available VPNs introduce additional implementa 
tion challenges. For example, some implementations require 
access points to be directly wired to a single VPN server 
(normally located in a central equipment room). VPNs 
typically provide only binary access to the organization’s 
network, meaning a mobile device user can either have a 
complete access to the protected network or none at all. 
Further, a single 11 Mbps 802.11b access point can have an 
e?‘ective throughput of approximately three times more than 
the capacity of a T1 connection, which is the connection 
typically supported by some existing VPN servers. Thus, 
wireless network users might overload the VPN server, 
resulting in poor performance for both the wireless network 
and mobile device users. 

SUMMARY OF THE INVENTION 

[0009] Systems and methods according to the invention 
can be used to facilitate the secure integration of wireless 
capability provided by wireless access points into an enter 
prise computer network. A gateway server is interposed 
between one or more wireless access points and protected 
(e.g., wired) networks. That gateway server provides secu 
rity and integration functions, for example, authentication, 
access control link privacy, link integrity, and bandwidth 
metering in various embodiments. Use of such a gateway 
server allows substantial control to be gained over network 
access even with the use of relatively simple (and inexpen 
sive) access points. While the invention is particularly suited 
to the popular IEEE 802.11 wireless communication proto 
col, wireless access points are available that use a variety of 
present protocols, such as variations of 802.11 (e.g., 
802.11a, 802.11b, 802.11g), Bluetooth, HiperLAN2, and 
802.1x. The invention would be equally useful with other 
protocols and interfaces available now and in the future. 

[0010] In one implementation, the present invention can 
address de?ciencies in the WEP and VPN technologies by 
providing differential levels of access based on a category 
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assigned to the user, rather than the binary con?guration of 
according a user either ?ll access to the organiZation’s 
network or none at all. The present invention can limit the 
bandwidth capacity of users, for example, so the 11 Mbps of 
capacity at each 802.1lb access point cannot easily be 
saturated by a single user, leaving all other users stalled. 

[0011] In general, in one aspect, a gateway server receives 
a request to access the protected network. This request 
typically comes from a mobile device operated by a user. 
The request is communicated from the mobile device to a 
wireless access point, and relayed by the wireless access 
point to the gateway server. The request might be an explicit 
request for access, and can include an identi?er and authen 
tication information (e.g., a PIN, password, digital certi? 
cate, encryption key, digital code, or some combination). 
The request might be an implicit request, such as a request 
to access network resources, a web page request, and so on. 

[0012] Since the gateway server manages access control 
and security in a single integrated con?guration, neither the 
mobile device nor the access points need to be intelligent to 
carry out the sophisticated access control and security func 
tions to connect with wireless networks. Moreover, any 
changes in the networks, mobile devices, and access points 
do not result in signi?cant changes, such as additions, 
modi?cations, or replacements, to the gateway server. In one 
implementation, the gateway server can be con?gured by a 
web-based interface, so that con?guration changes can be 
incorporated in the gateway server by merely changing the 
parameters using the web-based interface. 

[0013] In some implementations, an authentication sub 
system of the gateway server authenticates the user of the 
mobile-device. This is preferably accomplished by access 
ing an external authentication server (e.g., a RADIUS, 
LDAP, or NTLM server). Enterprises typically use such 
servers in the operation of their networks. The use of an 
already operating external authentication server-simpli?es 
network administration. The gateway server (and/or the 
external authentication server) can also authenticate a user 
that was previously authenticated via the same or a different 
gateway server without requiring re-communication of 
authentication information. A user is free to roam between 
different access points in wireless networks without having 
to terminate open connections. In another embodiment, the 
user can be authenticated using an authentication database 
within the gateway server, instead of or in combination with 
accessing an external authentication server. Because the 
authentication process is conducted solely by the gateway 
server, use of an internal or external authentication server is 

irrelevant and transparent to the user. 

[0014] In some implementations, after the authentication 
process, the authenticated user of the mobile device can 
establish a VPN connection with the gateway server accord 
ing to the Point-to-Point Protocol (PPTP) or Internet Pro 
tocol Security (IPSec) protocol. The VPN connection can 
provide additional security measures for the user and the 
protected network. 

[0015] In one embodiment, the gateway server can pas 
sively monitor an authentication process when a user makes 
a request to authenticate to a server. If the user successfully 

authenticates, the gateway server assigns a role to the user 
based on the server with which the user authenticated. In one 

example, the gateway server can easily integrate with 
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Microsoft NT and/or Windows environment. A user already 
registered and authenticated in such environment does not 
need to authenticate separately to the gateway server, since 
the gateway server assigns the role when the NT and/or 
Windows server accepted the user. 

[0016] In some implementations, the user can authenticate 
via a secure web page without requiring additional software. 
The use of a secure web page can protect the wireless 
network from illicit monitoring. The gateway server 
receives identi?er and authentication information from the 
user through a secure web page. The identi?er and authen 
tication information might be associated with a user of the 
mobile device, the mobile device itself, a smart card, an 
authentication token, and so on. For purposes of this dis 
cussion, authenticating the mobile device is understood to 
include any one or a combination of suitable authentication 
techniques for authenticating a device and/or a user of a 
device, depending on implementation. Examples of an iden 
ti?er include one or a combination of username, e-mail 
address, and unique name. Examples of authentication infor 
mation include one or a combination of a personal identi 
?cation number (PIN), password, digital certi?cate, encryp 
tion key, and digital code. As discussed above, the user can 
use the same identi?cation and authentication information 
used to access the protected resource in the wired environ 
ment. 

[0017] Additionally, the gateway server can detect unau 
thoriZed access points by monitoring network traf?c. In 
particular, the gateway server detects the presence of the 
unauthorized access points by monitoring SNMP, MAC 
addresses, and 802.11 DS Layer signals and characteristics 
of network traf?c on both the protected and unprotected 
sides of the gateway server. 

[0018] In one exemplary implementation, visitors to a 
corporation may be allowed to access the Internet at a low 
data rate by entering their e-mail address. Employees from 
other of?ces may be required to enter a username and 
password to access the Internet and resources permitted by 
their home o?‘ice server. Employees working with highly 
sensitive data may be subject to a very high level of security 
available from the gateway server that utiliZes certi?cates, 
smart cards and/or secure token technologies. 

[0019] In one embodiment, before the user makes a 
request to access the protected network, a role is previously 
de?ned in the gateway server for the user. A role also can be 
assigned based on the attributes of a user as provided by the 
external authentication server. 

[0020] In one embodiment, a role de?ner in the gateway 
server de?nes roles and assigns them to users. The role 
de?ner can specify network resources and degree of access 
to the protected network, including connection bandwidth 
limits. The role de?ner can also specify a tunneling protocol 
(e.g. IPSec or PPTP) associated with a role. Thus, for 
example, once a role is assigned to the user, the user’s 
bandwidth capacity is limited according to the assigned role. 
Access privileges can be differentiated for authoriZed users 
based on roles, instead of the commonly used “all or 
nothing” access. A particular role can be de?ned with 
different privileges in multiple resource locations. For 
example, an “engineer” role can be de?ned with full access 
to engineering department servers, but limited access to 
?nance department servers. 
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[0021] Once the user is authenticated and assigned a role, 
an access controller in the gateway server provides access to 
the protected network based on the assigned role. A role 
includes one or more policies specifying the scope of 
performances permitted for the user. For example, in one 
embodiment, policies can include action, service, connec 
tion direction (e.g., to or from protected network, or both), 
and destination (e.g., resources in the protected network). 
The access controller evaluates each of the policies in the 
role to determine whether the services requested by the user 
should be allowed. If elements in a policy match the user’s 
requests, then the requested actions are performed. If a 
match is not found even after checking all the policies, then 
“inherited” roles can be checked for the user. 

[0022] For example, every employee can share the role of 
staff The staff role can have a set of default policies, or 
privileges granted to everyone in the organiZation. A change 
to the inherited role need not be repeated in the other speci?c 
roles, since these changes will apply to all roles that inherit 
the change. If no match is found even with the default 
policies, the user is disallowed from performing the 
requested services. 

[0023] In one embodiment, one or more additional gate 
way servers are interposed between the wireless network 
and the protected network to provide a fail-over con?gura 
tion. If a ?rst gateway server (also referred to as the primary 
server) fails, another gateway server (also referred to as the 
back-up server) receives the access request in the place of 
the ?rst gateway server. In one implementation, there are 
more than one additional (or back-up) gateway servers. In 
this con?guration, all set up information, additions and 
changes to the primary server are automatically propagated 
across and shared in real time with the back-up servers. The 
primary and the back-up gateway servers are connected via 
a fail-over interface. While the primary server is actively 
managing the user and the wireless network, the back-up 
servers remain idle. Concurrently, the back-up servers moni 
tor a “heartbeat signal” of the primary server. If the back-up 
servers do not detect a certain number of heartbeats from the 
primary server in a speci?ed amount of time, a fail-over 
occurs and one of the back-up servers takes over the role of 
the primary server and receives the requests from the user, 
without requiring new set-up and con?guration. 

[0024] In another embodiment, multiple gateway servers 
are interposed between different wireless networks and 
protected networks. These gateway servers replicate the 
con?guration information of a single gateway server initially 
in communication with the mobile device. Such replication 
among the multiple gateway servers can be useful in admin 
istering a large-scale wireless network in that con?guration 
changes are propagated from the single gateway server. 

[0025] In some implementations, multiple gateway serv 
ers can be interposed between the protected network and 
unprotected wireless local area networks to create a “mesh 
network” architecture of gateway servers. The mesh net 
work architecture can facilitate the seamless roaming of a 
mobile device from one gateway server to another gateway 
server, the fail-proof con?guration, and the replication of 
con?guration information for the gateway servers connected 
to form the mesh network. This mesh network of gateway 
servers acts as one managed system that controls access to 
the resources in the protected network via any of the various 
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types of unprotected networks that could be in communica 
tion with the gateway servers. The unprotected networks can 
each be any of a radio-frequency based local are network, a 
cellular-based data network, or any type of a wired network. 
Any number of gateway servers can be supported by such a 
mesh network, depending upon implementation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the drawings, like reference characters generally 
refer to the same parts throughout the different views. Also, 
the drawings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 

[0027] FIG. 1A is a block diagram depicting an embodi 
ment of a gateway server managing a connection between a 
mobile device and a protected network. 

[0028] FIG. 1B is a block diagram depicting an embodi 
ment of the gateway server as shown in FIG. 1A. 

[0029] FIG. 2 is a ?owchart depicting an embodiment of 
a method for managing a connection between a mobile 
device and a protected network. 

[0030] FIG. 3 is a ?owchart depicting role de?nition in 
one embodiment of the method of FIG. 2. 

[0031] FIG. 4 is a user interface display in an embodiment 
for a system implementing the method of FIG. 2. 

[0032] FIG. 5 is a ?owchart depicting the details of 
evaluating policies in one embodiment of the method of 
FIG. 2. 

[0033] FIG. 6 is a user interface display in an embodiment 
for a system implementing role inheritance. 

[0034] FIG. 7 is a block diagram depicting a fail-proof 
con?guration as described in an embodiment of the inven 
tion. 

[0035] FIG. 8 is a block diagram depicting a multi 
gateway server replication con?guration. 

[0036] FIG. 9 is a block diagram depicting an embodi 
ment of a mesh network infrastructure including multiple 
gateway servers. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] Referring to FIG. 1A, in one embodiment, a user 
of a mobile device 100 communicates with an access point 
102a via a wireless local are network 105 to access a 

protected network 110. The access point 10211 is connected 
to a wired network 117, which includes a gateway server 
120, the protected network 110, an authentication server 
125, and a ?rewall 130 which is a gateway to the Internet 
135. The mobile device 100 can be any sort of device that 
has wireless communication capability, including but not 
limited to handheld, small, and large computers, personal 
digital assistants, peripherals, appliances, machines, tele 
phones, toys, games, and so on. In one implementation, the 
mobile device 100 enters the coverage area of the access 
point 10211 that communicates between the wireless network 
105 and the wired network 117, and upon entry, the mobile 
device discovers and identi?es the wireless network 105. 
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The user of the mobile device 100 seeks to access the 
protected network 110 via the wireless network 105. 

[0038] The wireless network 105 can be implemented with 
a wireless networking protocol, such as IEEE 802.11 (e.g., 
802.11a, 802.11b, 802.11g), Bluetooth, ETSE HIPERLAN/ 
2, and 802.1x, or other protocol. In some implementations, 
the wireless network 105 can support a wide variety of 
wireless networks, including cellular networks. In typical 
implementations, the wireless network 105 is radio fre 
quency (RF) based network, operating on 2.4 GHZ or 5.1 
GHZ. In another implementations, a private wireless net 
work can be supported within privately-owned spectrum. It 
should be understood that the network 105 can be or can 
include or support any present or future wired or wireless 
networking protocol. The protected network 110 can be a 
wired network that typically includes an Ethernet network, 
and may include a DSL, T1, or T3 connection to yet another 
network, such as, for example, the Internet, or a WAN. The 
protected network 110 can be or can include or support any 
present or later-developed network, including without limi 
tation, another wireless network. 

[0039] For example, in an embodiment implemented in an 
enterprise setting, the mobile device 100 is typically a laptop 
computer or a hand-held device such as a personal digital 
assistant. The protected network 110 is typically a corporate 
or local intranet, which may or may not in turn access the 
Internet 135 through routers, gateways, ?rewalls 130, and so 
on. The access point 102a thus provides wireless access to 
the corporate intranet 110 (and possibly the Internet 135) via 
the wireless network 105. As another example (not shown), 
in a home, the mobile device 100 may be one of various 
electronic devices, computers, and appliances that include 
wireless networking hardware, and the protected network 
provides a connection (eg via DSL or cable modem) from 
the home to an Internet service provider’ s network, which in 
turn connects to the Internet 

[0040] Each of the access points 10211, 102b, and 1020 
(collectively 102) may be a relatively simple communication 
device that relays communications between the mobile 
device 100 and the wired network 117. The access points 
102 are typically located in the same subnet as each other. 
In a TCP/IP network, such as used in the Internet, subnets 
are segments of the network that are typically connected by 
routers, where the routers forward packets from one subnet 
to another based on a packet’s destination. For example, the 
gateway server 120 might be located in a subnet made up of 
255 or fewer network nodes, called a class C subnet, that 
each typically share a common portion of their IP address, 
for example, 201 .1001 .X, where X represents the portion of 
the address that will be different for each node in the subnet. 

[0041] The access point 102a can be simple or complex in 
design and functionality. There can be multiple access 
points, 10211, 102b, and 1020 connected to the same subnet 
and there can be other access points connected to other 
subnets. The various access points can use the same or 
different protocols, to communicate with a gateway server 
120. The gateway server 120 provides sophisticated control 
functionality, yet the access points 102 are gateway server, 
router, and network agnostic. The access points 102 can be 
more complex and include gateway, router, or other more 
sophisticated processing functionality, or some combina 
tions, although this functionality typically is not required. 
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[0042] For example, in one embodiment, the access point 
10211 is an olf-the-shelf external PC-compatible access 
point. Such an access point typically has a data transfer rate 
of 11 Mbps in full duplex, thus 5.5 Mbps in either direction. 
The access point typically uses the Ethernet protocol but, 
since the gateway server 120 is access point agnostic, any 
type of present or future data link protocol supported by any 
manufacturer of the access point and the wireless devices 
can be used. The access point 102a can also include WEP 
data encryption for enhanced security. Examples of access 
points include, but are not limited to, the AXIS 9010 
Bluetooth Access Point offered by AXIS COMMUNICA 
TIONS of Lund, Sweden, Cisco Aironet 340 and 350 series 
from Cisco Systems, Inc. of San Jose, Calif., 3 CRW series 
from 3Com Corp. of Santa Clara, Calif., the AP-2001 
Bluetooth Access Point offered by ANYCOMI INC. of 
Irvine, Calif., D-Link Air Series from D-Link Systems, Inc. 
of Irvine, Calif., and the Harmony 802.11 Series from 
Proxim Inc. of Sunnyvale of California. 

[0043] In one embodiment, the gateway server 120 pro 
vides sophisticated functionality while keeping the level of 
sophistication required of the access points 102 to a mini 
mum. An exemplary gateway server is the WG-1000 Wire 
less Gateway from Bluesocket, Inc. of Burlington, Mass. A 
gateway server 120 can also be implemented as, or as part 
of, any other suitable network device with software to 
implement the functions described herein. The gateway 
server 120 can be implemented as a server-class computer, 
such a PC having a CPU board containing at least one 
processor operating at a speed greater than 866 MHZ. In one 
embodiment, the processors are selected from the Pentium 
or Celeron family of processors manufactured by Intel 
Corporation of Santa Clara, Calif. In another embodiment 
processors are selected from the “680><0” and POWER PC 
family of processors manufactured by Motorola Corporation 
of Schaumburg, Ill., the Alpha line of processors manufac 
tured by Compaq Corporation of Houston, Tex., the CRU 
SOE line of processors manufactured by Transmeta Corpo 
ration of Santa Clara, Calif., and the ATHLON line of 
processors manufactured by Advanced Micro Devices, Inc., 
of Sunnyvale, Calif. The server computer also includes a 
main memory unit for storing programs and/or data. The 
memory capacity is 256 MBs or greater, and may include 
random access memory (RAM, read only memory (ROM), 
and FLASH memory. 

[0044] The gateway server 120 typically also includes one 
or more storage devices, such as hard disk drive and a ?oppy 
disk drive. Other additional peripheral devices also can be 
included in a gateway server including output devices (e.g., 
printer or plotter) and/or optical disk drives for receiving, 
reading, and/or writing digital data on a CD-ROM. and/or 
DVD. The controlling software program(s) and all of the 
data utiliZed by the program(s) are typically stored on one or 
more of the gateway server 120 storage mediums such as the 
hard disk drive, or the other additional peripheral devices, 
such as a CD-ROM. 

[0045] The gateway server 120 can include a server-class 
operating system, such as Linux, available, for example, 
from Red Hat, Inc. of Durham, NC, and Windows NT, 
available from Microsoft Corporation of Redmond, Wash. 
The gateway server can include a web server, for example an 
Apache web server, which sends out web pages in response 
to HTTP requests from remote browsers/users. An Apache 
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server is an open-source HTTP server available from the 
Apache Software Foundation. 

[0046] The gateway server 120 can also include IPSec or 
PPTP functionality according to the standards. Various soft 
ware implementations of IPSec are available, including, for 
example, from Trilogy of Austin, Tex. Windows XP Pro 
IPSec Client, Windows 2000 IPSec Client, Safenet IPSec 
Client for Windows NT, Safenet IPSec Client for Windows 
2000, SSH Sentinal IPSec Client for Windows NT or 
Windows 2000 from Microsoft Corp. of Redmond, Wash. 
Examples of software implementations of PPTP include, but 
are not limited to, the Windows 2000/XP/NT Client by 
Microsoft Corp. of Redmond, Wash. IPSec acts at the 
network layer, protecting and authenticating packets 
between participating devices, such as the access points 102 
and the gateway server 120. One or more network interface 
cards (NICs) provide a physical connection to a wired or 
wireless network. The implementation of the NICs depends 
on the type of network 117, thus the gateway server 120 can 
utiliZe NIC from any vendor. If, for example, the wired 
network 117 is an Ethernet network, then the NICs provide 
an Ethernet interface. Examples of commercially available 
NICs are, but not limited to, EtherLink III Parallel Tasking 
Ethernet Adapters by 3Com of Santa Clara, Calif., Series 
A340, A350, and TrueMobile Series by Cisco Systems, Inc. 
of San Jose, Calif., D-Link Air Series by D-Link Systems, 
Inc. of Levine, Calif., Quartet Server NICs by Adaptec of 
Milpitas, Calif., and the Intel Pro 100 and 1000 Series from 
Intel Corp. of Santa Clara, Calif., among many others. 

[0047] The gateway server 120 is connected to at least two 
networks, ie., the network to which the access points 102 are 
connected and the protected network 117, and the gateway 
server 120 forwards packets from one network to the other 
to reach their destination. The routing of packets is prefer 
ably performed by software running on the processor, in 
cooperation with the NICs and other hardware. Routing 
software is commercially available, for example, as part of 
the Linux operating system, and in various Windows server 
software programs. 

[0048] An authentication server 125 is in communication 
with the gateway server 120. The gateway server-120 can 
use the authentication server 125 to authenticate the mobile 
device 100. The authentication server 125, which preferably 
is a RADIUS server, an LDAP server, or an NTLM server, 
can be administered by the same entity as the gateway server 
or can be a third-party authentication server, e.g., a server 
maintained by an authentication service provider and 
accessed, for example, over the Internet The authentication 
server 125 is preferably implemented with software running 
on one or more server-class computers. The authentication 
server 125 can also be implemented as a special-purpose 
hardware device. Examples of RADIUS authentication serv 
ers are Funk Steel Belted RADIUS from Funk Software Inc. 
of Cambridge, Mass., and the Microsoft Radius server from 
Microsoft Corp. of Redmond, Wash. Examples of LDAP 
authentication servers are Open LDAP and Microsoft Active 
Directory from Microsoft Corp. of Redmond, Wash. 

[0049] Referring to FIG. 1B, one embodiment of the 
gateway server 120 includes a receiver 150, an authentica 
tion subsystem 155, a role assignor 160, and an access 
controller 165. The receiver 150 receives a user’s request to 
access the protected network 110. The authentication sub 
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system 155 authenticates the user and the user’s mobile 
device 100 using the external authentication server 125. The 
role assignor 160 assigns a role to the authenticate user. The 
access controller 165 provides access to the protected net 
work 110 based on the user’s assigned role. - 

[0050] Referring now to FIG. 2 (also FIGS. 1A and 1B 
for reference), in one embodiment, a user of a mobile device 
100 makes a request to access the protected network 110 
(STEP 205). This request comes from a mobile device 100 
operated by the user. The request is communicated from the 
mobile device 100 to one of the access points 102, and 
relayed by the access point 102a, 102b, or 1020 to the 
receiver 150 of the gateway server 120. 

[0051] The user might make a request, for example, to 
access the protected network 110 to utiliZe the applications 
and retrieve information from the protected network 110. 
The user also may desire access to the protected network 110 
to receive and transmit data across the wireless network 105 
and the wired network 117 to another network. The request 
can include an identi?er and authentication information, 
such as a user name and password. For a request to access 
highly sensitive network resource in the protected network 
110, the gateway server 120 can require more than the user’s 
name and password, such as one or more of a digital 
certi?cate and security codes. As another example, the 
request can be a web page request, only accessing the 
Internet and not the protected network 110. In this instance, 
the user’s request may be made as just a request according 
to a particular protocol such as the hypertext transfer pro 
tocol (HTTP). Minimal information can be required for such 
a request, such as a user’s e-mail address. 

[0052] In one embodiment, as the gateway server 120 
detects the presence of a new user, the gateway server 120 
presents the mobile device with an authentication web page 
to make a request, which permits the user of the mobile 
device 100 to enter a name and password. The user is 
authenticated by the gateway server 120 based on the 
authentication information provided by the user. The request 
is transmitted through the wireless network 105 and for 
warded to the access point 102a. 

[0053] The mobile device 100 enters the communication 
range of the access point 102a associated with the wireless 
network 105 as the mobile device 100 physically moves 
from the access point 102!) to the second access point 10211. 
The signal strength from the second access point 102a 
becomes stronger than the signal strength from the ?rst 
access point 102!) with respect to the mobile device 100. 
Subsequently, the mobile device 100 switches its commu 
nication from the ?rst access point 102!) to the second access 
point 102a based on the signal strength. Alternatively, 
regardless of the distance of the communication range or the 
signal strength, the access point 102a may be selected 
because it is the only access point. available among the 
access points 102 and/or because it is a preferred access 
point (e.g., for load balancing purposes). 

[0054] For example, the gateway server 120 may detect a 
triggering event that initiates a transfer of the mobile device 
100 from one access point 102!) to another access point 
10211. One triggering event can occur as the mobile device 
100 moves away from the communication range of the 
access point 10219. The gateway server 120 detects poor or 
declining quality of the connection (e. g., radio link) between 
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the mobile device 100 and the access point 10219. A weak 
ening reception of the wireless signal from the mobile 
device 100 can be indicated by increased packet loss to the 
mobile device 100 and/or by an indication of weakening 
reception, such as RSSI (Received Signal Strength Indica 
tion). A triggering event can also be indicated by congestion 
or a load balancing need of the access points 102 and the 
gateway server 120. For example, if the access point 1021) 
becomes congested with mobile devices in comparison with 
the access point 10211, the gateway server 120 may decide to 
move the mobile device 100 to a less congested access point. 
A triggering event may also occur to ful?ll a pre-de?ned 
service level for the user of the mobile device 100. Because 
the access point 10211 is not congested, the access point 102a 
can ensure the user with a pre-de?ned service level. See, for 
example, US. patent application Ser. No. 10/055,028, ?led 
Jan. 23, 2002, entitled METHODS AND SYSTEMS FOR 
ENABLING SEAMLESS ROAMING OF MOBILE 
DEVICES AMONG WIRELESS NETWORKS and US. 
patent application Ser. No. 10/032,199, ?led Dec. 21, 2001, 
entitled METHODS AND SYSTEMS FOR CLOCK SYN 
CHRONIZATION ACROSS WIRELESS NETWORKS, 
which claims priority to US. Provisional Application Ser. 
No. 60/257,544, ?led Dec. 26, 2000, the disclosures of 
which are incorporated herein by reference in their entirety. 

[0055] Although not shown in this example, there is at 
least one gateway server 120 associated with each wired 
network subnet that connects the access points 102 and the 
gateway server 120. The gateway server 120 can monitor 
communications in the subnet (e.g., TCP communications) 
and respond to the request from the mobile device 100 
communicating via one of the access points 102. It should be 
understood that the gateway server 120 can be connected to 
more than one subnet, particularly if the gateway server 
functionality is incorporated into a router or other device 
that typically is connected to more than one subnet. 

[0056] The gateway server 120 authenticates the mobile 
device 100 utiliZing its authentication subsystem 155, which 
may include authenticating the device or the user or owner 
of the device using an authentication server 125 (STEP 210). 
The authentication server 125 determines the access privi 
leges assigned to users and allows access to the protected 
network 110 based on the access privileges. The authenti 
cation server 125 typically has information about authoriZed 
users or devices, and determines whether the mobile device 
100 is authoriZed as well as the nature and extent of 
authoriZed access de?ned by, for example, a role (access 
privilege classi?cation) and domain (area relevant to the 
user). For example, a student who takes history classes at a 
university may be assigned the “role” of a student member 
of the history department “domain,” and the student’s 
mobile device 100 allowed to access the history department 
network only to the extent permitted to students. Thus the 
mobile device 100 can be authoriZed to initiate a session 
with the protected network 110 via the wireless network 105 
based on the access privilege information provided by the 
authentication server 125. 

[0057] In one particular implementation, an authentication 
server 125 is already used for central authentication in the 
protected network 110. In such a case, the user can use the 
same identi?cation and authentication information as if the 
user were accessing the wired network 110 of the organi 
Zation. As discussed above, the central authentication server 
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can be any sort of server, including a RADIUS server, an 
LDAP server, or an NTLM server. Because this con?gura 

tion uses only one database for all forms of authentication, 
including, for example, dial-up access and sever log-in, as 
well as wireless access, large networks with many users can 
be managed more easily. 

[0058] In another embodiment, the user is authenticated 
initially with an authentication database maintained by the 
gateway server 120 and then re-authenticated with the 
central authentication server 125. In yet another embodi 
ment, the gateway server 120 uses only its own internal 
authentication database, rather than the central authentica 
tion server 125 to authenticate the user of the mobile device 
100. The internal authentication database can be used when 
the external authentication server 125 is not available. The 
internal authentication database can also be used to provide 
authentication without delay, waiting for a response from the 
external authentication server 125. The gateway server 120 
maintains authorZed users’ user names and passwords pro 
vided, for example, using an authentication web page in its 
internal authentication database. When a user is authenti 
cated via the external authentication server 125, the gateway 
server 120 retains the authoriZed user’s name and password, 
as well as the assigned role, and stores the information in the 
internal authentication database in a hashed form. When a 
user makes a request to log in, the gateway server 120 can 
perform a look-up in its internal database to see if the user’s 
name and password are stored internally. If the requested 
user’s name and password match the stored information in 
the internal database, then the gateway server returns the 
user’s assigned role and grants access to the protected 
network 110 based thereon. 

[0059] In one embodiment, authentication (STEP 210) is 
accomplished by interaction with an authentication web 
page maintained by, for example, the authentication server 
125. The local gateway server 120 redirects all requests from 
the mobile device 100 made with a particular protocol (e.g., 
HTTP) to the authentication web page. The mobile device. 
100 (or the user of the mobile device 100) then supplies 
identi?er and authentication information to the authentica 
tion web page. Identi?er information can include one or a 

combination of a usemame, e-mail address, or other unique 
name associated with the user of the mobile device 100, the 
mobile device 100, an object such as a smart card, and so on. 
Authentication information can include one or a combina 

tion of personal identi?cation number (PIN), password, 
encryption key, biometric information, digital certi?cation, 
and digital code, as well as other information that is asso 
ciated with at least one of the user of the mobile device 100, 
the mobile device 100, a srart card, and so on. 

[0060] The identity and authentication information 
required from the user can vary based on the status of-the 
user. For example, visitors to the organiZation may be 
allowed to access only the Internet at a low data rate by 
merely entering their e-mail address. Employees from 
branch of?ces may be required to enter their LAN and/or 
WAN usemame and password to access the Internet and 
resources permitted by their home o?ice server. Employees 
working with highly sensitive data may be subject to the 
highest level of security available from the gateway server 
120 requiring such items as digital certi?cates, smart cards, 
and secure token technologies. 
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[0061] Referring again to FIG. 2 (and still to FIGS. 1A 
and 1B), in one embodiment, the gateway server 120 
responds to the request by assigning a role to the user (STEP 
220) through its role assignor 160. Arole sets a boundary for 
access privileges, such as particular network resources, 
bandwidth capacity, and security protocol, to which a group 
of users is restricted. The network resource privileges for a 
role are con?gured under one or more policies including 
Action, Service, Direction (network traf?c from the pro 
tected side), and Destination (resources in the protected 
side). These are described further below. The role can 
designate that members of a role cannot use more than a 
stated maximum bandwidth set forth by the role. The role 
can also designate a security protocol for its members. For 
example, the gateway server 120 includes PPTP and IPSec. 

[0062] The IPSec protocol is particularly useful for users 
communicating sensitive data to and from the protected 
network 110. IPSec is commonly used to describe a com 
bination of two protocols: IPSec and IKE (Internet Key 
Exchange). IKE is a protocol that enables an encrypted 
connection to be negotiated between two end points. IPSec 
data exchange is based on symmetric keys; IKE uses asym 
metric keys (e.g., keys from a public key infrastructure) to 
initiate an IPSec link. Any device on a network can be an 
endpoint of an IPSec link, and some access points may have 
this functionality. Even though IPSec is a standard, it can be 
implemented with different features and options that may be 
vendor dependent. IPSec does not require speci?c algo 
rithms to be used for authentication, encryption, or com 
pression, any algorithm(s) can be used within the parameters 
of the protocol. Examples of commonly supported algo 
rithms are DES Data Encryption Standard), 3DES Triple 
DES), AES (Advanced Encryption Standard), and ECC 
(Elliptical Curve Cryptography). By placing the IPSec end 
point functionality in the gateway server 120 and not the 
access points 102, the version of IPSec supported by a given 
access point becomes irrelevant. Further, if the gateway 
server 120 provides IPSec functionality, the access point can 
remain simple and inexpensive. 

[0063] As the mobile device 100-enters the communica 
tion range of the access points 102, one of the access points 
102 can receive a signal from the mobile device 100 based 
on the criteria previously discussed. In one embodiment, the 
gateway server 120 can transparently authenticate the user 
without requiring any information from or interactions with 
the user. This transparent authentication allows the mobile 
device to roam seamlessly in a wireless network without 
having to submit authentication information when it changes 
to a subnet handled by a new gateway server. The mobile 
device 100 can move from one access point in one subnet to 
another access point in a different subnet without having to 
log out of its current session with the ?rst subnet and obtain 
a new network address to connect to the new subnet. 

[0064] In one embodiment, the gateway server 120 retains 
its connection information (also referred to as the context 
information) with a user of the mobile device 100 belonging 
to a role, a group of users performing similar duties in an 
enterprise. For example, even after the mobile device 100 
moves outside the service area of the gateway server 120 and 
loses its connection with the gateway server 120, if the 
mobile device 100 returns to the service area of the gateway 
server 120 afterward, the mobile device 100 can access the 
protected network 110 without re-registration or re-authen 
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tication based on the connection information for the mobile 
device 100 retained and reused by the gateway server 120. 
The gateway server 120 sets access privileges for a role of 
users of the wireless network 105, so that the gateway server 
120 can determine the access-privileges associated with the 
role to which a user belongs, in addition to the user and/or 
device identi?er information. The device identi?er is a 
unique identi?er, such as a Media Access Control (MAC) 
address,. IP address, or other address or identi?er. 

[0065] The authentication server 125 identi?es users 
belonging to a role in an enterprise, such as a student in a 
university. The gateway server 120 obtains access privilege 
information based on at least one of the device identi?er, 
user identi?er, the role membership information, and context 
information. Examples of context information are a network 
address of the mobile device 100 used for a previous session 
and pointer information to the user’s role. The gateway 
server 120 saves the context information associated with a 
previous session between the mobile device 100 and the 
resource in the protected network 110 and reuses the infor 
mation for the current session between the mobile device 
100 and the resource without re-authentication. See, for 
example, US. patent application Ser. No. 09/911,092, ?led 
Jul. 23, 2001, entitled METHOD AND SYSTEM FOR 
ENABLING SEAMLESS ROAMING IN A WIRELESS 
NETWORK, which claims priority to US. Provisional 
Application Ser. No. 60/220,385, ?led Jul. 24, 2000 and US. 
patent application Ser. No. 10/035,569, ?led Oct. 22, 2001, 
entitled METHOD AND SYSTEM FOR ENABLING CEN 
TRALIZED CONTROL OF WIRELESS LOCAL AREA 
NETWORKS, which claims priority to US. Provisional 
Application Ser. No. 60,241,975, ?led Oct. 23, 2000; the 
disclosures of which are incorporated herein by reference in 
their entirety. 

[0066] Furthermore, in one embodiment, the gateway 
server 120 enables a mobile device to roam from a ?rst 
wireless network associated with a ?rst gateway server to a 
second wireless network associated with a second gateway 
server. In some instances, the ?rst wireless network and 
second wireless networks use different communication tech 
nologies (e.g., a cellular network or a GGSN 2.5/3G net 
work, and an 802.11b network). As the mobile device 100 
enters the subnet of the second gateway server, the second 
gateway server receives a request for the ?rst gateway server 
by the mobile device 100. The second gateway server 
recogniZes that the request is for a known server, and as a 
result, the second gateway server responds to the request on 
behalf of the ?rst gateway server and informs the mobile 
device that it is replacing the ?rst gateway server in serving 
the mobile device 100. Based on the authentication and 
identi?cation information of the mobile device 100 and a 
user of the mobile device 100, the second gateway server 
can identify the home gateway server of the mobile device 
and notify the home gateway server that the mobile device 
is currently communicating with the second gateway server. 
A tunnel may be established between the home gateway 
server and the second gateway server in order to forward 
data for the mobile device 100 via the tunnel to the second 
gateway server. See, for example, US. patent application 
Ser. No. 10/055,028, ?led Jan. 23, 2002, entitled METH 
ODS AND SYSTEMS FOR ENABLING SEAMLESS 
ROAMING OF MOBILE DEVICES AMONG WIRELESS 
NETWORKS, the disclosure of which is incorporated herein 
by reference in its entirety. 
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[0067] A detection feature of the gateway server 120 can 
detect the presence of unauthoriZed or “rogue” access points, 
for example, access points installed without the knowledge 
or approval of network managers of an enterprise. The 
gateway server 120 can monitor traf?c on the network 
looking for MAC (Media Access Control) addresses asso 
ciated with known access point vendors. The gateway server 
120 can also detect the presence of unauthorized access 
points by monitoring SNMP and 802.11 DS Layer signals, 
and characteristics of network traf?c on both the wired and 
wireless sides. 

[0068] As discussed above, in one embodiment, the gate 
way server 120 authenticates the mobile device 100 using 
the authentication server 125. Initially, the local gateway 
server 120 redirects all HTTP requests from the mobile 
device 100 such that the web browser on mobile device 100 
is presented with an authentication web page, which permits 
the user or the mobile device 100 to provide a user name and 
password. The central authentication server can be con?g 
ured to permit the user to use the same identi?cation and 
authentication information used to access other resources in 
the protected network 110. Once the user has been authen 
ticated, the gateway server 120 returns the user to the web 
page originally requested. 

[0069] In one implementation, to avoid capture of authen 
tication information by rogue access points, the gateway 
server 120 can require all users to authenticate via a web 
browser page served from a secure web server that uses 

digital certi?cates. Using the Secure Sockets Layer (SSL) 
protocol, the browser recogniZes that the server certi?cate is 
one of the reference certi?cates stored in the browser. 
Examples of web browsers include, but are not limited to, 
Microsoft Internet Explorer Browser and Netscape Browser. 

[0070] In another embodiment, the gateway server 120 
can passively monitor an authentication process between a 
mobile device and a server. If the server successfully authen 
ticates the device, the gateway server assigns a role to the 
mobile device based on the authentication. A user authen 
ticated in this manner does not need to authenticate sepa 
rately to the gateway server, and in this way the gateway 
server operation is transparent to the user. 

[0071] For example, in one embodiment, the gateway 
server 120 allows initial access by all mobile devices to a ?le 
server suf?cient to allow authentication to that ?le server. If 
the authentication is successful, the mobile device 100 is 
assigned to a role designating privileges’ associated with 
users who can access that ?le server. In one implementation, 
if authentication with the ?le server is not successful further 
access to that ?le server can be denied, for example after a 
certain number of attempts, or after a certain time period. In 
some embodiments, authentication information is extracted 
from the authentication protocol, for example a user name, 
or network address, network domain, or other identi?er. The 
gateway server 120 speci?es a role for the mobile device 100 
based on this information if authentication with the server is 
successful. 

[0072] This protocol is straightforwardly implemented in 
connection with the standard protocols currently in use for 
authentication. In one example, the gateway server 120 
integrates with Microsoft NT and Windows 2000 environ 
ment by passively monitoring the communication between a 
mobile device and Windows servers. The user of the mobile 
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device 100 authenticates only to Windows server, and the 
gateway server determines from the communication 
between mobile device and server whether the authentica 
tion was successful. For example, the gateway server can 
monitor the SMB and Kerberos protocol exchanges to verify 
that the user has successfully authenticated to speci?c serv 
ers. Based on the authentication results, a proper role is 
assigned. 
[0073] J Referring still to FIGS. 1A, 1B, and 2, before the 
user makes a request to access the protected network 110, 
the gateway server 120 can be used to de?ne a role for 
different individual users or groups of authoriZed users for 
the protected network 110 based on the users’ roles or status 
in the organiZation (shown as optional STEP 200). In one 
embodiment, the gateway server 120 uses a web-browser 
interface to de?ne a role and set up parameters for the role. 
A particular role can be con?gured with different privileges 
for resources. For example, an “engineering” role can be 
de?ned with full access in the engineering department 
servers, but limited access to the ?nance department servers. 
Additionally, a role can be de?ned with access to an IP 
address subnet or a router. 

[0074] Referring to FIG. 3, de?ning a role includes speci 
fying one or more policies that set the boundaries for each 
action or service to be allowed for members (STEP 400). In 
one embodiment, each policy has four elements: 1) Action, 
2) Service, 3) Direction, and 4) Destination. The Action 
indicates whether the service under the corresponding policy 
is allowed or denied. The gateway server 120 includes a set 
of network services that users can access, if permitted by the 
role which they are assigned. Examples of available Service 
options are: HTFPS (Hypertext Transfer Protocol over 
Secure Socket Layer, or HTTP over SSL), HTTP, DNS, 
POP-3, SMTP, Telnet, SSH, FIP, POP-2, and so on. Addi 
tional network services can be speci?ed. The Service can 
specify protocols such as TCP, UDP, both TCP/UDP or a 
protocol other than TCP and/ or UDP. The Direction de?nes 
the direction of a network connection initiation for which the 
service access is allowed or denied from the perspective of 
the gateway server 120. For example, the Direction can be 
set as Outgoing, Incoming, and Both Ways. Outgoing means 
the network connections can only be initiated from the 
wireless side to services or destinations in the protected side 
110, and Incoming refers to connections initiated from the 
protected side. Both Ways refers to bi-directional initiation. 
The Destination lists correspond to a resource or group of 
resources in the protected network 110. The Destination can 
be a single device or location within a network, for example, 
such as a marketing server. The Destination can also be all 
devices and/or location reachable within a network address 
space, such as all servers in a department’s subnet. Policies 
can be easily added, deleted, and amended, e.g., through the 
use of a drop-down list in the web-browser interface. 

[0075] For example, FIG. 4 is a user interface display in 
an embodiment for a system de?ning a role called “Engi 
neering” that blocks access to the ?nance department server 
but allows web and e-mail access to all other servers and 
resources in the protected network 110. Still referring to 
FIGS. 2-4, when creating this role, the total bandwidth 
allocated to all users with the same role can be predeter 
mined (STEP 410). The security protocol is de?ned as PPTP 
rather than IPSec (STEP 420). An additional security pro 
tocol, such as subnet VPN, can be added to provide more 
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security measures for users. Thus, the gateway server 120 
can set up, enable, and delete parameters for PPTP, IPSec, 
and a subnet VPN. For the ?rst policy, the “Engineering” 
role is denied access to the ?nancial server in both direc 
tions. For the second policy, HTTP service is allowed in the 
both directions for all servers in the protected network 110. 
For the third policy, HTTPS service is allowed in both 
directions for all servers in the protected network 110. For 
the fourth policy, SMTP service is allowed in only the 
outgoing direction for all servers in the protected network 
110. For the ?fth policy, POP-3 service is allowed only in the 
outgoing direction for all servers in the protected network 
110. 

[0076] Referring again to FIG. 2 (and still to FIGS. 1A 
and 1B), the access controller 165 of the gateway server 120 
provides differential levels of access to the user based on the 
policies set forth in the user’s assigned role (STEP 230). 
Once a role is assigned to the user, each policy in the role is 
evaluated (STEP 225) before allowing requested service to 
the user. If the gateway server 120 does not specify any 
policy within the assigned role for the user, then the gateway 
server 120 denies access to all services and all destinations 
by default. The gateway server 120 evaluates each policy in 
the assigned role to determine whether the user’s requested 
services should be performed (STEP 225). 

[0077] Referring to FIGS. 4 and 5, the policies are 
evaluated in the order of top to bottom, although the order 
can be changed by the use of the web-browser interface. All 
of the elements in each policy must match the requested 
service in order for the gateway server 120 to-allow the 
requested service (STEP 600). If any of the elements do not 
match the requested service, then the user is blocked from 
performing such a service (STEP 610). 

[0078] Every member of an enterprise typically shares 
certain access privileges and these shared access privileges 
can be mapped according to the enterprise’s structure by the 
gateway server 120 through a role inheritance feature. For 
example, all employees are likely to have access to some 
resources of the enterprise, but only members of the infor 
mation technology group (IT) are likely to have access to 
others. Commonly held privileges, such as access to the 
cafeteria, can be de?ned as a base role. When de?ning a 
more responsible role, such as “member of IT,” the base role 
can be speci?ed as a default set of privileges that are 

available (e.g., inherited). 

[0079] Referring to FIG. 5, if the assigned role has an 
inherited role, even if the elements in the policies do not 
match the requested service, the requested service is not 
blocked until the inherited role is checked. As discussed 
previously, every employee is a staff member to the corpo 
ration, and thus might share the role of staff Commonly held 
access privileges or the status of authorized users, such as 
staff, can constitute an inherited role. Just like any other role, 
the inherited role has a set of default policies, or privileges 
granted to the users. A change in the inherited role does not 
need to be repeated in the other speci?c roles, since this 
change will also be inherited by all the roles. Thus, there is 
less chance of error when a change is made only to the 
inherited role rather than to all the roles that use the inherited 
role. For example, suppose the corporation has set up a Sales 
role and an Engineering role. The Sales role may only have 
FTP access to the Sales server and the Engineering-role may 
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only have FTP access to the Engineering server. However, 
all members of the corporation should be allowed to read or 
send e-mail and access the Web on any server as a staff of 
the corporation. 

[0080] Referring to FIG. 6, in order to con?gure an 
authorization system that takes advantage of inheritance, the 
gateway server 120 ?rst de?nes an inherited role (e.g., Stalf 
role) that lists privileges granted to everyone in the organi 
zation. Thus, just like the role-de?ning step as described 
previously in FIG. 2 and FIG. 4, the same user interface 
display is used to con?gure the role of “Stalf.”As shown, the 
total bandwidth capacity allocated for all users within this 
role is set to 5 Mbits/second, the security protocol is set to 
PPTP, and the policies are de?ned so that all “Sta?‘” mem 
bers can read or send e-mail and surf the Web on any server. 
In the Engineering role web-interface of FIG. 4, the inher 
ited role of Staff is inserted in the “Inherit from role” box, 
so that the gateway server 120 automatically evaluates the 
inherited role if the server 120 cannot ?nd a match in the 
policies set forth for the speci?c assigned role. Thus, if a 
match is not found in the policies of the assigned role, then 
the policies in the inherited role are checked (as shown in 
phantom in STEP 605). If a match is found in the inherited 
policies, then matched performance is allowed for the user 
(STEP 600); otherwise, the requested service is blocked by 
the gateway server 120. 

[0081] Referring to FIG. 7, additional gateway servers can 
be con?gured to provide a fault-tolerant con?guration. The 
gateway server 120 can be con?gured as a primary, on-line 
gateway server in an active state. The other gateway server 
820 can be con?gured as a back-up, stand-by gateway 
server. In another embodiment, there is more than one 
back-up gateway server. The back-up gateway server 820 is 
con?gured so that all set-up information, additions, and 
changes to the primary server 120 are automatically propa 
gated across and shared in real time with the back-up server 
820 through a fail-over interface, e.g., an Ethernet adapter 
connecting the primary server 120 and the back-up server 
820. The primary gateway server 120 alone manages the 
user and the wireless network while the back-up gateway 
server 820 remains in its stand-by mode. The back-up server 
820, meanwhile, monitors a “heartbeat” signal, e.g., 
exchange of short messages in a time frame, of the primary 
gateway server 120 and accepts input from the primary 
gateway server 120. If the back-up server 820 does not 
detect a certain number of heartbeats in a speci?ed amount 
of time, and realizes that the back-up server 820 is unable to 
communicate with the primary gateway server 120 via 
fail-over port 900, then a fail-over takes a place and one of 
the back-up server 820 takes over the primary server role 
without requiring new set-ups and con?gurations. If the 
primary gateway server 120 recovers, then the gateway 
server 120 becomes the back-up gateway server to the 
gateway server 820. Thus once again no manual intervention 
is necessary, and the same network availability is maintained 
through the back-up gateway server 820. 

[0082] Referring to FIG. 8, two or more gateway servers 
can be used in a large-scale wireless network in a multi 
gateway server con?guration. Replication of information 
among the multiple gateway servers can be useful in han 
dling networks for a large organization. For example, it may 
be convenient to divide an enterprise’s wireless local are 
network con?guration by ?oors, subnets, buildings, and so 








