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application Ser. No. 09/513,913 entitled “Method and Sys 
tem for Managing Transmission Resources in a Wireless 
Communications Network. U.S. patent application Ser. No. 
09/513,592 entitled “Method and System for Brokering 
Bandwidth in a Wireless Communications Network,” and 
U.S. patent application Ser. No. 09/513,914 entitled “Wire 
less Router and Method for Processing Traffic in a Wireless 
Communications Network, all filed on Feb. 25, 2000 and 
incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the field of 
wireless communications, and more particularly to a method 
and system for configuring wireless routers and networks. 

BACKGROUND OF THE INVENTION 

Wireline Internet protocol (IP) provide efficient connec 
tivity between remote devices. IP networks are implemented 
with routers that interconnect physically and logically sepa 
rate network segments. In operation, the routers distinguish 
data packets according to network protocols and forwards 
traffic according to network-level addresses utilizing infor 
mation that the routers exchange among themselves to find 
the best path between network segments. As the status of 
routers change in the network, the routers exchange infor 
mation to reroute traffic around congested or failed routers 
or to route traffic to a newly activated router. 

Cellular and other wireless networks have been connected 
to IP networks in order to allow cellular phones and other 
mobile devices to communicate with remote devices over 
the IP network. A typical cellular network covers a contigu 
ous area that is broken down into a series of cells. Each cell 
has a base station and may be Subdivided into sectors. 

The base station communicates with mobile devices and 
is managed along with other base stations by a base station 
controller. A mobile switching center switches all traffic in 
the cellular network. A data interworking function provides 
connectivity from the mobile switching center to the Internet 
or other data network via circuit switched and packet 
switched data protocols. The centralized architecture of 
conventional cellular networks facilitates configuration of 
the wireless devices which are directly interconnected in a 
known topology, but requires all traffic to be sent to common 
Switching points that may become overloaded during peak 
traffic times and cause traffic to be delayed and/or dropped. 
By using routers, the intelligence of the cellular network 

can be distributed to allow efficient processing of traffic and 
communication over the IP network. Such routers, however, 
must be individually configured with knowledge of the 
wireless topography in which they operate to allow soft 
handoffs as mobile phones and other devices move between 
the coverage cells. This customization and independent 
configuration of each router is time consuming and expen 
sive. In addition, as routers are activated and deactivated, 
neighboring routers must each be reconfigured to adjust for 
the changing RF topology. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides a method and system for 
configuring wireless routers and other nodes and networks 
that substantially eliminate or reduce problems and disad 
vantages associated with previous methods and systems. In 
particular, the wireless network is implemented by wireless 
routers and/or nodes that automatically identify and nego 
tiate parameters with neighboring wireless routers to con 
figure themselves upon activation and to account for chang 
ing conditions in the wireless network. 

In accordance with one embodiment of the present inven 
tion, a method and system for configuring a wireless node in 
a wireless communications network includes establishing 
connectivity between a wireless node and at least one 
wireline node. Connectivity between the wireless node and 
a plurality of neighboring wireless nodes is established 
through the wireline node. The wireless node is configured 
based on information exchanged with the neighboring wire 
less nodes through the wireline node. 
More specifically, in accordance with a particular embodi 

ment of the present invention, site impacting information is 
exchanged between the node and the neighboring wireless 
nodes. In this embodiment, the wireless node is configured 
based on the site impact information from the neighboring 
wireless nodes. One or more of the neighboring wireless 
nodes may also be reconfigured based on site impact infor 
mation received from the wireless node. 

In accordance with another aspect of the present inven 
tion, a method and system for operating a wireless node 
includes activating the wireless node in a start up state. A 
plurality of operating parameters are automatically deter 
mined for the wireless node in the startup state. The wireless 
node is configured based on the operating parameters. A 
radio frequency system for the wireless node is activated and 
the wireless node transitions to a learning state. In the 
learning state, operational data is collected and the operating 
parameters modified based on the operational data. The 
wireless node is reconfigured based on the modified oper 
ating parameters and transitions to a normal operating state 
in response to determining the operational data is within 
predefined parameters. 

In accordance with other aspects of the present invention, 
the wireless node may negotiate operating parameters with 
the neighboring wireless nodes. Label switch or other suit 
able paths may be established between the wireless node and 
each of the neighboring wireless nodes. In addition, the 
wireless node may determine available services using the 
wireline and wireless connectivity. 

Technical advantages of the present invention include 
providing an improved wireless network. In particular, the 
wireless network is implemented in a distributed architec 
ture by wireless routers or other suitable wireless nodes that 
form part of the IP network. As a result, transmission 
resources are efficiently used and common Switching points 
that can lead to delayed and/or dropped traffic are reduced or 
eliminated. 

Another technical advantage of the present invention 
includes providing an automatically configurable wireless 
node. In particular, the wireless node automatically config 
ures itself to both wireline and wireless transmission topolo 
gies upon activation and reconfigures itself to adapt to 
changing conditions within the system. As a result, the 
wireless nodes need not be independently configured or 
customized and thus may be readily deployed in any Suitable 
wireless environment. 
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Still another technical advantage of the present invention 
includes providing an improved base station for a wireless 
network. In particular, the base station is implemented as a 
wireless router. This maximizes flexibility of the wireless 
network and allows new technologies to be readily deployed 
within the suitable wireless environment. 

Other technical advantages of the present invention will 
be readily apparent to one skilled in the art from the 
following figures, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and its advantages, reference is now made to the 
following description, taken in conjunction with accompa 
nying drawings, in which: 

FIG. 1 is a block diagram illustrating layers of a all 
Internet protocol (IP) wireless communications network in 
accordance with one embodiment of the present invention; 

FIG. 2 is a block diagram illustrating technology inde 
pendent and specific site parameters for configuring the 
wireless routers of FIG. 1 in accordance with one embodi 
ment of the present invention; 

FIG. 3 is a block diagram illustrating details of the 
technology independent and specific site parameters of FIG. 
2 in accordance with one embodiment of the present inven 
tion; 

FIG. 4 is a block diagram illustrating details of the 
wireless router of FIG. 1 in accordance with one embodi 
ment of the present invention; 

FIG. 5 is a block diagram illustrating details of the traffic 
processing tables of FIG. 4 in accordance with one embodi 
ment of the present invention; 

FIG. 6 is a block diagram illustrating details of the radio 
discovery protocol (RDP) table of FIG. 5 in accordance with 
one embodiment of the present invention; 

FIG. 7 is a state diagram illustrating states of the wireless 
router of FIG. 1 in accordance with one embodiment of the 
present invention; 

FIG. 8 is a flow diagram illustrating methodology of the 
start up state of FIG. 7 in accordance with one embodiment 
of the present invention; 

FIG. 9 is a flow diagram illustrating a method for the start 
up configuration of FIG. 8 in accordance with one embodi 
ment of the present invention; 

FIG. 10 is a call flow diagram for the Internet Protocol 
(IP) discovery function of FIG. 9 in accordance with one 
embodiment of the present invention: 

FIG. 11 is a call flow diagram for the radio frequency (RF) 
discovery function of FIG. 9 in accordance with one 
embodiment of the present invention: 

FIG. 12 is a flow diagram illustrating a method for 
performing the service analysis function of FIG. 9 in accor 
dance with one embodiment of the present invention; 

FIG. 13 is a flow diagram illustrating a method for 
performing the coverage analysis function of FIG. 9 in 
accordance with one embodiment of the present invention; 

FIG. 14 is a block diagram illustrating the coverage 
analysis function of FIG. 9 in accordance with one embodi 
ment of the present invention; 

FIG. 15 is a flow diagram illustrating a method for 
performing the interference analysis function of FIG. 9 in 
accordance with one embodiment of the present invention; 

FIG. 16 is a block diagram illustrating the interference 
analysis function of FIG. 9 in accordance with one embodi 
ment of the present invention; 
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4 
FIG. 17 is a flow diagram illustrating a method for 

performing the parameter analysis function of FIG. 9 in 
accordance with one embodiment of the present invention; 

FIG. 18 is a block diagram illustrating the parameter 
analysis function of FIG. 9 in accordance with one embodi 
ment of the present invention; 

FIG. 19 is a flow diagram illustrating a method for 
performing the label switch path (LSP) set up function of 
FIG. 9 in accordance with one embodiment of the present 
invention; 

FIG. 20 is a block diagram illustrating the LSP set up 
function of FIG. 9 in accordance with one embodiment of 
the present invention; 

FIG. 21 is a flow diagram illustrating a methodology for 
the learning state of FIG. 7 in accordance with one embodi 
ment of the present invention; 

FIG. 22 is a call flow diagram for the learning state of in 
FIG. 7 accordance with one embodiment of the present 
invention; 

FIG. 23 is a block diagram illustrating the traffic analysis 
function of FIG. 21 in accordance with one embodiment of 
the present invention; 

FIG. 24 is a flow diagram illustrating a method for 
performing the bandwidth analysis and exchange function of 
FIG. 21 in accordance with one embodiment of the present 
invention; 

FIG. 25 is a block diagram illustrating the bandwidth 
analysis and exchange function of FIG. 21 in accordance 
with one embodiment of the present invention; 

FIG. 26 is a flow diagram illustrating a methodology for 
the operational state of FIG. 7 in accordance with one 
embodiment of the present invention; and 

FIG. 27 is a call flow diagram for the operational state of 
FIG. 26 in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a wireless communications network 10 
in accordance with one embodiment of the present inven 
tion. In this embodiment, the wireless network 10 is a 
multiple layer cellular network in which terrestrial wireless 
transmission originates in geographically delimited cells. It 
will be understood that the present invention may be used in 
connection with other suitable wireless networks. 

Referring to FIG. 1, the wireless network 10 includes a 
service and/or control layer 12, a wireline router layer 14, a 
wireless node, or router layer 16, and a physical layer 18. 
The service layer 12 provides network services such as 
mobility manager (MM) server, call control (CC) server, 
bandwidth broker, policy server, home location register 
(HLR), home subscriber server (HSS), domain name server 
(DNS), dynamic host configuration protocol (DHCP), media 
gateway (MGW), signaling gateway (SGW), media gateway 
controller (MGC), authentication, authorization, and 
accounting (AAA), legacy servers for mobile Switching 
center (MSC) and base station controller (BSC), serving 
GPRS serving node (SGSN), and gateway GPRS support 
node (GGSN), voicemail server (VMS), fax/modem server, 
short message center (SMC), conferencing facilities, and 
transcoders. These and other services available to the cel 
lular network are identified through a directory agent 13. 
The directory agent 13 maintains a list of all active 

services in the network 10 and may be each accessed 
through service agents (SA) by BTS agents (BA) in the 
wireline and wireless router layers 14 and 16 using the 

Ex.1009 
CISCO SYSTEMS, INC. / Page 19 of 28



US 7,031,266 B1 
5 

service location protocol specified in RFC Wireless specific 
services such as the mobility manager server may be defined 
by the service templates and service protocols defined in 
RFC 2609. It will be understood that services may be 
otherwise accessed by the wireline and wireless router layers 
14 and 16 and that additional or disparate services may be 
provided to the router layers 14 and 16 without departing 
from the scope of the present invention. 
The wireline router layer 14 may be a wireline specific 

Internet protocol (IP) layer. The wireline router layer 14 
includes a wireline router network having a plurality of 
wireline routers 20 interconnected by physical wireline links 
22. The wireline routers 20 receive and transmit traffic on the 
wireline links 22. The wireline router network forms the 
core IP network and may be the Internet, intranet, extranet, 
or other suitable local, wide area network, or combination of 
networks. 
The wireless router layer 16 may be a wireless-specific IP 

layer. In this embodiment, the wireless router 30 provides an 
all-IP wireless access network with the seamless interwork 
ing with the core IP network elements in a distributed 
controlled architecture. In addition, the all-IP architecture is 
technology independent which allows the routers 30 to be 
provisioned to support one or more of the number of 
wireless access technologies. New Services and features may 
be readily provisioned to the wireless routers 30 and new 
technologies Supported. 

The wireless router layer 16 includes a wireless router 
network having a plurality of wireless routers 30 intercon 
nected by wireless router links 32. It will be understood that 
other suitable types of wireless nodes may be used in the 
wireless layer 16 without departing from the scope of the 
present invention. The wireless router links 32 may be 
microwave or other wireless links or virtual or other suitable 
paths configured in the wireline links 22 of the wireline IP 
layer 14. Each wireless router 30 may be implemented as a 
discrete node independent of a wireline router 20 or may be 
implemented as a logical layer in a wireline router 20. 
The wireless routers 30 intercommunicate traffic and 

control information to perform call set up, resource reser 
Vation, mobility management, soft handoff, and air band 
width allocation and routing. The wireless router links 32 
may comprise multi-protocol label switch (MPLS) or other 
suitable virtual tunnels formed in the wireline links 22. 
Further information on call processing functionality and the 
MPLS paths of the wireless routers 30 is described in 
co-owned U.S. patent application entitled “Wireless Router 
and Method for Processing Traffic in a Wireless Communi 
cations Network, previously incorporated by reference. 
The wireless routers 30 are connected to the wireline 

routers 20 by wireline links. In this way, the wireless routers 
30 provide connectivity from the wireless portion of the 
network 10 to the wireline portion of the network 10 via 
circuit Switched and packet Switched data protocols. Thus, 
the wireless routers 30 receive and route traffic over both 
wireline and wireless links 22 and 32. 

The physical layer 18 includes a series of overlapping 
cells 40. Each cell 40 is supported by a corresponding 
wireless router 30 and may be subdivided into a plurality of 
geo-location areas 42. The geo-location areas 42 are each a 
defined area in which bandwidth may be allocated to mobile 
devices 44. Further information regarding the geo-location 
areas and allocation of bandwidth within geo-location areas 
is described in co-owned U.S. patent application Ser. No. 
09/466,308, entitled “Method and System for Allocating 
Bandwidth in a Wireless Communications Network,' filed 
Dec. 17, 1999, which is hereby incorporated by reference. 
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6 
In the wireless network 10, each wireless router 30 

provides a radio frequency (RF) link for mobile devices 44 
within a corresponding cell 40. The wireless RF link to the 
mobile devices 44 in the cell 40 may be based on established 
technologies, or standards such as IS-54 (TDMA), IS-95 
(CDMA), GMS and AMPS, 802.11 based WLAN, or new 
upcoming technologies such as CDMA2000 and W-CDMA 
or proprietary radio interfaces. The mobile devices 44 may 
be cell phones, data phones, data devices, portable comput 
ers, or any other Suitable device capable of communicating 
information over a wireless link. 
Due to the nature of the RF airlink, the interference 

generated by the usage of various mobile devices 44 is 
inter-dependent. That is, the interference generated by the 
usage of a mobile device 44 including transmitting and 
receiving signals is not only dependent on its geo-location, 
but is also dependent on the geo-location of Surrounding 
mobile devices 44 and the usage of those devices. Thus, the 
cellular network is an inherently interference-limited net 
work with bandwidth usage in a particular location impact 
ing the interference in specific areas of the neighborhood. In 
complete spectrum sharing systems such as CDMA and 
W-CDMA, bandwidth usage in a particular area directly 
impacts the bandwidth available at different locations in the 
neighborhood. 

In operation, the wireless routers 30 each have a defined 
bandwidth with which to communicate with the mobile 
devices 44 in the cells 40. The bandwidth is used by the 
wireless router 30 and the mobile devices 44 to communi 
cate voice and data information. The supported bandwidth is 
a function of various factors such as frequency reuse, carrier 
to interface ratio, bit-energy to noise ratio, effective bit-rate 
per connection and the like. The bandwidth available to 
allocate to certain flows is geo-location dependent, and time 
dependent based on current usage of other flows in the 
geo-neighborhood. 
The wireless routers 30 each allocate bandwidth within a 

corresponding cell 40, route traffic to and from the cell 40, 
and track the location of the mobile devices 44 within the 
cell 40. The position of a mobile device 44 may be deter 
mined using network-assist, global position systems (GPS), 
and radio frequency fingerprinting. Preferably, the position 
ing technique provides fast and accurate information with 
respect to the location of the mobile device 44 to minimize 
acquisition time for position information. As mobile users 
move from cell 40 to cell 40, the wireless routers 30 perform 
Soft handoff operations to provide continuous connectivity 
within the network. 
As described in more detail below, the wireless routers 30 

automatically configure themselves upon activation or other 
Suitable event to determine and account for the changes in 
RF topology of the network 10. In configuring themselves, 
the wireless routers 30 use wireline and/or wireless links to 
identify and negotiate parameters with neighboring wireless 
routers 30 in the RF topology. Thus, the wireless routers 30 
build the wireline topology and then apply RF knowledge by 
exchanging information through the wireline network to 
build the wireless topology. It will be understood that other 
types of routers and base stations may be similarly config 
ured in accordance with the present invention. 

FIG. 2 illustrates technology independent and technology 
specific site impact parameters that may be exchanged 
between the wireless routers 30 to configure the wireless 
specific router layer 16. It will be understood that other 
suitable parameters that allow a wireless router to determine, 
estimate, and/or predict interference and/or impact of its 
operation on another wireless router or operation of another 
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wireless router on itself maybe exchanged between wireless 
routers 30 for self configuration of the routers 30 and the 
network. 

Referring to FIG. 2, the technology independent site 
parameters 50 include geo-parameters 60, network configu 
ration parameters 62, service configurations 64, and antenna 
parameters 66. Where different technologies are used to 
Support different technologies, technology dependent 
antenna parameters may also or instead be provided. Tech 
nology supported parameters 52 for CDMA and GSM, for 
example, may include coverage parameter 70, spectrum 
parameter 72, channel parameter 74, interference parameter 
76, control parameter 78, threshold parameter 80 and traffic 
engineering parameters 82. 

FIG. 3 illustrates details of the technology independent 
and technology specific parameters in accordance with one 
embodiment of the present invention. In this embodiment, 
the geo-parameters 60 include a site ID, a number of 
sector/beams, sector/beam ID, latitude and longitude, sector/ 
beam orientation, and maximum radius of influence. The 
network configuration parameters 62 include interface to a 
network (T1, SONET, T3, fractional T1), site capacity, and 
network capacity. The service configurations 64 include DA 
address and services Supported. The antenna parameters 66 
include antenna type, digitized antenna pattern, antenna 
beamwidth (horizontal and Vertical), antenna maximum 
gain, and antenna down tilt (mechanical and electrical). 

For the technology specific parameters 52, the coverage 
parameter 70 includes environment, path loss margin, tech 
nology specific RF hardware losses and gains, RF coverage 
prediction models, and traffic distribution maps. The spec 
trum parameters 72 include channel bandwidth, channel 
mask, channel number range, and maximum transmit power 
per channel technology. The channel parameter 74 include 
the number of channels in the range, air capacity/bandwidth, 
minimum channel spacing, frequencies use, frequency 
grouping, and hopping sequences. The interference param 
eter 76 includes interference thresholds, power control 
thresholds, channelization and sequencing, channel Sched 
uling algorithms, RF interference prediction models, traffic 
distribution maps, and adjacent channel interference thresh 
olds. The control parameter 78 includes access parameters, 
intra technology handoff parameters, inter technology hand 
off parameters, and timing parameters. The threshold param 
eters 80 include percentage of call blocks, percentage of 
access failures, percentage of call drops, maximum delay, 
packet error rate (PER), maximum round trip delay (RTD). 
and frame error rate (FER). The traffic engineering param 
eters 82 include class of service, congestion control algo 
rithms and parameters, queuing algorithms and parameters, 
and minimum and maximum resource allocation for class of 
service. 

FIG. 4 illustrates details of the wireless router 30 in 
accordance with one embodiment of the present invention. 
In this embodiment, the wireless router 30 is implemented in 
a card-shelf configuration with its functionality distributed 
between wireless peripheral cards 100, network peripheral 
cards 102, and traffic controller cards 104. The cards are 
connected by a mesh network, one or more buses, a back 
plane, or other Suitable communication channel. Similarly, 
within each card, components are connected by a mesh 
network, one or more busses, a backplane, or other Suitable 
communication channel. 

Referring to FIG. 4, the wireless and wireline peripheral 
100 and 102 may each include an interface and a network 
information base for processing and handling traffic received 
from the wireless and wireline portions of the network, 
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respectively. The wireless peripheral 100 may include a 
plurality of cards to handle disparate access technologies. 
Similarly, the network peripheral 102 may include disparate 
types of cards for connections to disparate line formats. 
Thus, each wireless router 30 may support a plurality of 
wireless and wireline technologies. The wireless peripheral 
100 may be directly connected to a radio front end which 
may be internal or external to the wireless router 30. 

For self-engineering, the network peripheral 102 is used 
to identify the IP topology of the wireline network and to 
configure the wireless router 30 to use the wireline typology. 
The wireless and/or network peripheral 100 or 102 use the 
wireline connectivity established by the network peripheral 
102 to identify the RF topology, negotiate parameters with 
neighboring wireless routers 30 and configure the wireless 
router 30 based on the negotiated parameters for operation 
in conjunction with the neighboring wireless routers 30. The 
traffic controller 10 is configured based on the negotiated 
parameters to control transmission resources for the wireless 
router 30. 

In operation, the wireless and network peripheral 100 and 
102 characterize and label packets for routing and grouping 
by the traffic controller 104. The traffic controller 104 may 
include a QoS engine 110, a synchronization and distribu 
tion (SDU) unit 112, a central processing unit (CPU) 114, a 
timing unit 116, a timing and an interference manager 118, 
a packet classification module 120, an IP security module 
122, a radio resource module 124 a call processor 126, and 
communication module 128. The SDU 112 may include a 
virtual path generator 130, selector 132, distributor 134, 
segmentation and reassembly (SAR) unit 136, and traffic 
processing tables 140 that are configured by the wireless 
router 30 during start up based on the RF topology of the 
network. Further information regarding the wireless router 
30 and network peripheral 100 and 102 and the traffic 
controller 104 are described in co-owned U.S. patent appli 
cation entitled “Wireless Router and Method for Processing 
Traffic in a Wireless Communications Network, previously 
incorporated by reference. 

FIG. 5 illustrates details of the traffic processing tables 
140 in accordance with one embodiment of the present 
invention. In this embodiment, the traffic processing tables 
140 includes routing tables 150, forwarding tables 152, and 
an active mobile list table 154. The routing tables 150 
includes a RIP table 160, OSPF table 162, BGP table 164 
and a radio discovery protocol (RDP) table 166. The routing 
tables 160 are configured during self-engineering of the 
wireless router 30 and used to construct the forwarding 
tables 152. 
The forwarding tables 152 include an IP forwarding table 

170, an MPLS tunnel table 172, an outgoing LSP table 174, 
an incoming LSP table 176, and an bandwidth availability 
table 178. The IP forwarding table 170 represents the IP 
topology of the network 10. The MPLS tunnel table 172 
represents the RF topology of the network 10. The outgoing 
LSP table 174 identifies multicasts LSPs for Soft handoff call 
processing. The incoming LSP table 176 identifies LSPs of 
selection operations for Soft handoff call processing. The 
bandwidth activity table 178 provides reserved and available 
bandwidth for soft handoff call processing. 
The active mobile list table 154 is maintained on a per call 

basis. For each call, the active mobile list table 154 stores a 
call identifier 180, active neighbors 182, candidate neigh 
bors 184 and all neighbors 186. Further information regard 
ing the routing tables 150, forwarding tables 152 including 
the IP forwarding, MPLS tunnel, outgoing LSP and incom 
ing LSP tables 170, 172,174 and 176, and active mobile list 
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table 154 is described in connection with co-owned U.S. 
patent application entitled “Wireless Router and Method for 
Processing Traffic in a Wireless Communications Network.” 
previously incorporated by reference. 

FIG. 6 illustrates the RDP table 166 in accordance with 
one embodiment of the present invention. In this embodi 
ment, the RDP table 166 stores neighbor information 200 for 
each neighbor of a sector or beam ID for a cell 40. The 
neighbor information 200 may include a neighbor ID and 
type (adjacent or co-channel) 204, forward interference 206, 
and reverse interference 208. Adjacent neighbors are iden 
tified by coverage analysis while co-channel neighbors are 
identified by interference analysis. The interference infor 
mation may be generated by coverage, interference, and 
parameter analysis during start-up of the wireless router 30 
and refined during operation from the real time measurement 
data and/or in response to a change in neighbors and/or 
parameters for neighbors. 

FIG. 7 illustrates a state diagram for the wireless router 30 
in accordance with one embodiment of the present inven 
tion. In this embodiment, the wireless router 30 includes a 
RF start-up state 220, a RF learning state 222, a RF 
operational state 224, and a RF down state 226. As described 
in more detail below, the wireless router 30 configures the 
RF and/or IP topology in the start up state 220 and refines 
the topology in the learning state 222. In the operational 
state 224, the wireless router 30 handles a full traffic load 
and continues to ensure compliance with operational thresh 
olds. In the site down state 226, the wireless router 30 may 
be in scheduled or unscheduled maintenance. 

The wireless routers 30 are each connected to at least one 
wireline router 20 or connected in a set that is connected to 
one wireless router 20. Because no direct connections exist 
between the wireless routers 30 in the RF physical medium, 
communication between the wireless routers 30 is conducted 
over wireline paths 22. In addition, because no direct 
wireline paths 22 may exist between the wireless routers 30, 
the wireline paths 22 are used to identify the RF topology. 
Thus, in the starting state 220 connectivity is first established 
between a wireless router 30 and wireline routers 20 in the 
network. The wireline connectivity is then used to establish 
connectivity between the wireless router 30 and neighboring 
wireless routers 30. Connectivity between wireless routers 
30 is established by identifying the neighboring wireless 
routers 30 and configuring the wireless routers 30 with that 
information. In addition, multiple protocol label switch 
(MPLS) paths or other suitable virtual circuits or IP tunnels 
may be established between the neighboring wireless routers 
30 to facilitate communications. It will be understood that 
other suitable types of paths or routing may be used for 
communication between neighboring wireless routers 30 
over the wireline links 22. 

After and/or as part of establishing the wireless connec 
tivity with neighboring wireless routers 30 in the start up 
state 220, the wireless router 30 exchanges RF impact 
information including some or all of the technology inde 
pendent or technology specific parameters and negotiates 
operating parameters with the neighboring or potentially 
neighboring wireless routers 30. By exchanging and nego 
tiating parameters, each wireless router 30 is able to deter 
mine or estimate a set of operating parameters that will 
maximize radio coverage and minimize interference in the 
wireless network and provide continuous coverage via 
Smooth handovers from cell to cell. If no agreement can be 
reached between wireless routers 30, the matter may be 
referred to an operation administration and maintenance 
server (OAM) for resolution. The OAM server may then 
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10 
perform the RF impact analysis and respond with the 
operational parameters for the new site and neighboring 
sites. The OAM server may also reidentify neighbor sites 
after parameters are agreed to, they are stored in the con 
figuration and parameter tables for the wireless router 30 and 
the wireless 30 transitions to the learning state 222. In this 
way, the RF system and RF network may be built by simply 
activating the wireless routers 30. 

In the learning state 222, the wireless routers 30 continue 
to exchange and/or negotiate parameters in order to mini 
mize interference in the wireless network and to ensure that 
all operational thresholds are met. In particular, the set of 
neighboring wireless routers 30 may be modified to more 
accurately reflect the RF topology or in response to another 
site activating or deactivating, bandwidth maybe exchanged, 
and/or other parameters modified to improve efficiency 
and/or throughput and to minimize RF interference in the 
network. Thus, in the learning state 222, parameters are 
renegotiated based on operational feedback. After opera 
tional thresholds have been met for a specified period of 
time, the wireless router 30 transitions to the operational 
state 224. Typically, the wireless router 30 may remain in the 
learning state for a period of a few days to a few weeks. 

In the operational state 224, the wireless router 30 con 
tinues to monitor its operational thresholds and/or periodi 
cally or otherwise exchange information with neighboring 
wireless routers 30 to ensure maximum efficiency and 
minimum RF interference within the wireless network. In 
response to operational thresholds no longer being met, the 
wireless router 30 transitions from the operational state 224 
back to the learning State 222 for detailed analysis and 
evaluation of the configuration parameters and reconfigura 
tion as necessary to meet threshold parameters. 

In addition, in response to neighbor modification by an 
existing neighbor shutting down or a new neighbor activat 
ing, the wireless router 30 transitions from the operational 
state 224 back to the learning state 222 for detailed analysis 
and evaluation of a new set of neighbors and configuration 
based on that set of neighbors. In response to a modification 
of operational parameters due to requests from neighboring 
routers, the wireless router 30 also transitions from the 
operational state 224 back to the learning state 222 for 
analysis and evaluation of operation using the modified 
parameters. 
The wireless router 30 may enter the site down state 226 

from the learning state 222 or the operational state 224 in 
response to scheduled or unscheduled maintenance. In 
response to RF power up, the wireless router 30 will 
transition back to the start up state 220 for reloading and/or 
reconfiguration of the operational parameters. In this way, 
the wireless routers 30 automatically adjust and account for 
changing conditions in the network 10 to optimize operation 
of the network. 

FIG. 8 is a flow diagram illustrating methodology to start 
up state 220 of the wireless router 30 in accordance with one 
embodiment of the present invention. The method begins at 
step 300 with site activation upon electrical power up or 
other suitable event. The activation may be an initial acti 
vation of the site or a reactivation of the site in response to 
a fault, maintenance, or other condition causing the wireless 
router 30 to be deactivated. At this point, the RF system 
remains down and in need of configuration. 

Proceeding to decisional step 310, wireless router 30 
determines whether it is a new site that has not been 
previously configured. If the site is a new site that has not 
been previously configured, the Yes branch of decisional 
step 310 leads to step 312 in which the start up configuration 
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is performed for the new site. Further information regarding 
the start up configuration is described below in connection 
with FIGS. 9-11. If the site is not a new site but has been 
previously configured, the No branch of decisional step of 
310 leads to step 314. At step 314, the wireless router 30 
determines whether its configuration has been modified. If 
the configuration has been modified, the Yes branch of 
decisional step 314 leads to decisional step 312 for start up 
configuration. If the configuration of the site has not been 
modified, the No branch of decisional step 314 leads to 
decisional step 316. 

At decisional step 316, the wireless router 30 determines 
whether its operational parameters are stored. If the opera 
tional parameters and tables are not stored, the No branch of 
decisional step 316 leads also to step 312 for start up 
configuration. If the operational parameters and tables are 
stored, the Yes branch of decisional step 316 leads to step 
318. At step 318, the operational parameters are reloaded 
into active memory of the wireless router 30. Next, at step 
320, LSPs or other virtual circuits or tunnels are established 
with the neighboring sites based on the operational param 
eters. 

At decisional step 322, the wireless router 30 determines 
whether service address information is stored for call ser 
vices. If service addresses are stored in the wireless router 
30, the Yes branch of decisional step 322 leads to step 324 
in which service connections are established. If the service 
addresses are not stored, the No branch of decisional step 
322 leads to step 326 in which service analysis is performed. 
Step 326 also leads to step 324 in which service connections 
are established based on the service analysis. 
As described in more detail below, during start up con 

figuration at step 312, neighbors for the wireless router 30 
are identified, interference impact calculated, parameters 
exchanged and negotiated, and service connections estab 
lished. After start up configuration, Step 312 along with step 
324 lead to step 328 in which the RF system is powered up 
for the wireless router 30. In this way, the wireless router 
automatically configures itself for operation in the wireless 
network. Upon completion of start up process, the wireless 
router 30 transitions to the learning state 222. 

FIG. 9 illustrates a method for start up configuration of a 
wireless router 30 in accordance with one embodiment of 
the present invention. In this embodiment, IP discovery is 
first performed at steps 350–354, followed by service dis 
covery at step 356, and RF discovery at steps 358–368. This 
allows the core IP network to be used for service and RF 
discovery and services such as OAM for conflict resolution 
in RF discovery. In another embodiment, the wireless router 
30 may be preconfigured prior to initial start up and transi 
tion to the learning state 222 with minimal or no additional 
configuration in the start up state 220. 

Referring to FIG. 9, the method begins at step 350 in 
which the wireless router 30 determines whether an IP 
address is available for the wireless router 30. If the IP 
address is not available, the No branch of decisional step 350 
leads to step 352. At step 352, the IP addresses are retrieved 
from the DHCP server. If the address is available at deci 
sional step 350 or upon retrieving the address from the 
DHCP at step 352, the Yes branch of decisional step 350 and 
step 352 lead to step 354. At step 354, the wireless router 30 
configures its routing and forwarding tables for the wireline 
IP topology. 
At step 356, service discovery is performed using the 

service analysis function. As described in more detail below 
in connection with FIG. 12, the service analysis function 
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may use an existing directory agent, locate a directory agent, 
or itself broadcast messages in the network to identify 
services. 

Proceeding to step 358, RF discovery is performed by 
broadcasting an RF discovery search message with a set of 
site specific impact parameters. The discovery search signal 
is propagated to regional wireless routers using the wireline 
connectivity. Propagation of the search signal may be lim 
ited by including a time-to-live parameter with a message or 
a hop count that is decremented each time the message is 
forwarded from one router to another. 

Next, at step 360 the wireless router 30 waits to receive 
potential neighbor response messages. The response mes 
sages are generated and transmitted by potential neighbors 
and include detailed RF impact information for analysis by 
the wireless router 30. In response to a time out or other 
suitable event, step 360 transitions to step 362 in which 
performance coverage analysis is performed based on cov 
erage impact parameters in the potential neighbor responses. 
At step 364, interference analysis is performed based on 
interference impact parameters in the potential neighbor 
responses. Similarly, at step 366, performance parameter 
analysis is performed based on performance interference 
impact parameters in the potential neighbor responses. The 
analysis functions identify co-channel or adjacent neighbors 
of the wireless routers, exchange information with the 
neighbors and negotiate parameters for operation of the 
wireless router 30. Further details on the coverage, interfer 
ence, and parameter analysis functions are described in more 
detail below in connection with FIGS. 13 and 14, 15 and 16, 
and 17 and 18, respectively. 
At step 368, the parameters determined by the coverage, 

interference, and parameter analysis functions are rebroad 
cast for evaluation by neighboring wireless routers 30. At 
decisional step 370, the neighboring routers each evaluate 
the parameters to determine if they are acceptable. If the 
parameters are acceptable to the neighboring sites, the Yes 
branch of decisional step 370 leads to step 372 at which the 
configuration parameters are stored for the wireless router 
30. If the proposed parameters are unacceptable to the 
neighboring sites due to interference, coverage area, band 
width or otherwise, the No branch of decisional step 370 
leads to decisional step 374. 
At decisional step 374, the wireless router 30 determines 

whether outside resolution of the conflict is required. In one 
embodiment, outside resolution may be required when reso 
lution between the wireless router 30 and the neighbor has 
not occurred through a specified number of negotiations or 
within a specified period of time. If outside resolution is not 
yet required, the No branch of decisional step 374 returns to 
step 362 for reanalysis of coverage, interference, and param 
eters based on information received from the conflicting 
neighboring sites. If after a specified period of negotiations 
or time resolution cannot be reached with the conflicting 
neighboring site or sites, the Yes branch of decisional step 
374 leads to step 376 at which the matter is referred to the 
OAM server. The OAM server will itself perform coverage, 
interference and parameter analysis and dictate the param 
eters to the conflicting sites. Step 376 leads to step 372 
where the configuration parameters set by the OAM server 
are stored. 
At step 380, LSPs are established with the neighboring 

wireless routers 30. The LSPs provide a virtual tunnel for 
communication between the neighboring wireless routers 
30. Step 380 leads to the end of the process by which the 
wireless router 30 is automatically configured upon activa 
tion. The discovery messaging, negotiations and analysis 
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may be used to automatically configure base stations and 
other types of suitable routers. 

FIG. 10 illustrates a call flow diagram for the IP discovery 
function in accordance with one embodiment of the present 
invention. In this embodiment, the wireless router 30 com 
municates with wireline router 20 and a DHCP server to 
populate the IP forwarding table 170. In particular, the 
wireless router 30 requests and receives an IP address from 
the DHCP server. Next, the wireless router 30 broadcasts an 
IP discovery request including the IP address to regional 
wireline router 20. Replies from the neighboring routers 20 
are received and used to populate the IP forwarding table 
170. 

FIG. 11 illustrates a call flow for the radio discovery 
function in accordance with one embodiment of the present 
invention. In this embodiment, the wireless router 30 com 
municates with the directory agent 13 and with other wire 
less routers 30 in the wireless router network. In particular, 
the new wireless router 30 communicates with the directory 
agent 13 to request and receive service tables identifying 
service addresses. Based on the service address, the wireless 
router 30 communicates with the service servers to set up an 
IP route to each of the servers. Servers may include an OAM 
server to resolve any conflicts between wireless routers 30. 

Next, the new wireless router 30 broadcasts a radio 
discovery message including site impact parameters for 
analysis by regional wireless routers 30. Each wireless 
router 30 receiving the radio discovery message will evalu 
ate the site impact parameters and respond with detailed 
parameters if it is a potential neighbor to the new site. Based 
on the responses, the wireless router 30 performs coverage, 
interference, and parameter analysis to identify and negoti 
ate with neighboring wireless routers. Thus, the parameters 
identified by each set of analysis are rebroadcast to neigh 
bors for review and approval. Upon completion of negotia 
tions or referral to an OAM server, the neighboring wireless 
routers and operational parameters are finalized and the RDP 
table 166 populated and used to generate the MPLS tunnel 
table 172, outgoing LSP table 174, and incoming LSP table 
176. 

FIG. 12 is a flow diagram illustrating the service analysis 
function of FIGS. 8 and 9 in accordance with one embodi 
ment of the present invention. In this embodiment, the 
method begins at decisional step 400 in which the wireless 
router 30 determines whether it has an address for the 
directory agent 13. If the directory agent 13 address is not 
locally available, the No branch of decisional step 400 leads 
to step 402 in which the wireless router 30 locates the 
directory agent 13 with a broadcast message through the 
wireline network. If the directory address is available at 
decisional step 400, the Yes branch of decisional step 400 as 
well as step 402 lead to step 404. At step 404, the wireless 
router 30 retrieves service addresses from the directory 
agent 13. Step 404 leads to the end of the process by which 
service addresses are obtained by the wireless router 30 over 
the wireline network for use of establishing service connec 
tions with the core IP network and OAM servers for conflict 
resolution. 

FIG. 13 is a flow diagram illustrating the coverage analy 
sis function in accordance with one embodiment of the 
present invention. In this embodiment, the method begins at 
step 450 in which the coverage area of each responding 
wireless router 30 is identified. At step 452, the selector/ 
beam orientation of the responding wireless routers 30 are 
identified. 

Proceeding to step 454 adjacent, co-channel or other 
handoff neighbors are identified using technology specific 
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parameters of each wireless router 30 responding to the RF 
discovery search method. At step 456, the power levels for 
the activated and neighboring wireless routers 30 are iden 
tified based on the coverage area, selector/beam orientation 
and other parameters provided by the responding sites. In 
this way, the activated wireless router may determine the 
coverage area of its own and of each responding wireless 
router 30. 

FIG. 14 is a block diagram illustrating the coverage 
analysis function of FIG. 9 in accordance with one embodi 
ment of the present invention. In this embodiment, the 
coverage analysis function analyzes antenna information, 
site parameters, terrain information, power, coverage param 
eters per technology, and traffic distribution parameters of 
the wireless routers 30 to determine coverage for the acti 
Vating and neighbor wireless routers. Based on the coverage 
parameters, adjacent neighbors, modified handoff param 
eters, modified beam orientation, modified antenna param 
eters, coverage area as best server and coverage as second 
ary server as well as modified power levels are determined 
and the RDP table 166 populated. 

FIG. 15 is a flow diagram illustrating a method for 
performing the interference analysis function of FIG. 9 in 
accordance with one embodiment of the present invention. 
In this embodiment, the method begins at step 450 in which 
the channel/frequency or hopping sequences that would 
cause the least interference are identified using specific 
traffic and channel parameters and site impact information 
received from the neighbors. If sufficient channel and/or 
hopping sequences are not available, the matter may be 
referred to the OAM server for resolution as described 
below. 

Proceeding to step 452, the channel/frequency selections 
along with interference impact information are broadcast to 
all regional wireless routers 30 for interference evaluation. 
This allows a router that did not respond to the discovery 
message to now respond and the activated wireless router 30 
to be configured accordingly. At decisional step 454, if a 
wireless router 30 responds with an objection, the Yes 
branch returns to step 450 in which the least interference 
channels are again identified based on the new information. 
After all objections have been taken into account, the No 
branch of decisional step 454 leads to step 456. At step 456, 
site specific parameters changes such as antenna down tilt 
and power levels are negotiated to reduce interference for 
both the activating and interfering sites. 
At decisional step 458, if a set of parameters cannot be 

agreed to between the activating and the neighbor sites, the 
No branch of decisional step 458 leads to step 460. At step 
460, the matter is referred to an OAM server for resolution. 
Step 460 along with the Yes branch of decisional step 468 
lead to step 462 in which the interfering neighbors are 
finalized by negotiations that include coverage and interfer 
ence reanalysis or by resolution by the OAM server. 
At step 464, the group of channel/frequency/hopping 

sequences finalized and the group of co-channel neighbors 
identified. The interference entries of the RDP table 166 are 
then populated. Step 464 leads to the end of the process by 
which neighboring sites are analyzed and negotiated with to 
resolve interference conflicts and/or issues. 

FIG. 16 illustrates the interference analysis function of 
FIG. 9 in accordance with one embodiment of the present 
invention. In this embodiment, the interference analysis 
function analyzes expected air loading, real time measure 
data if available, number of channels/radio frequency and 
hopping sequences including channel parameters, frequency 
reuse including control parameters, power levels as well as 
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antenna, site information, best server coverage maps and 
potential co-channel neighbors to determine interference 
between the sites. Based on the interference analysis, modi 
fied power levels, modified beam patterns and orientation, 
modified antenna parameters such as down tilts and modi 
fied coverage area as primary and secondary server are 
identified for the activated and neighboring sites. Allowable 
frequency groups, number of allowable channels, and num 
ber of hopping sequences are also identified. Based on the 
modified and identified information, the RPD table 166 is 
populated for configuration of the wireless router 30 to the 
RF topology. The site parameters are also updated. 

FIG. 17 is a flow diagram illustrating a method for 
performing the parameter analysis function of FIG. 9 in 
accordance with one embodiment of the present invention. 
In this embodiment, the method begins at step 500 in which 
handoff and access parameters are determined based on the 
neighboring site information and output percent coverage 
analysis. At step 502, timing parameters are obtained by 
analyzing the neighbor information. 

Proceeding to step 504, parameters with the neighboring 
handover and interfering sites are negotiated. Each negotia 
tion involves coverage and interference re-analysis. At deci 
sional step 506, if the activating and neighboring sites 
cannot agree to a set of parameters, the No branch leads to 
step 508. At step 508, the matter is referred to an OAM 
server for resolution. Step 508 leads to step 510 in which the 
parameters dictated by the OAM server are stored. If agree 
ment is reached between the activating and neighboring 
sites, the Yes branch of decisional step 506 also leads to step 
510 in which the agreed set of parameters are stored. Step 
510 leads to the end of the process by which the wireless 
router 30 is configured with the initial set of parameters for 
operation in the wireless network. 

FIG. 18 illustrates details of the parameter analysis func 
tion in accordance with one embodiment of the present 
invention. In this embodiment, the parameter analysis func 
tion analyzes access parameters, handoff parameters, site 
parameters for the activated and neighboring sites, and 
coverage as best server and coverage as secondary server 
information to determine modified access parameters, modi 
fied handoff parameters, and modified site parameters for the 
activated and neighboring sites. The parameters may be 
negotiated with the neighboring sites and upon agreement 
configured for the activated site. 

FIG. 19 is a flow diagram illustrating a method for 
performing the LSP set up function of FIG. 9 in accordance 
with one embodiment of the present invention. In this 
embodiment, the method begins at step 550 in which the 
path parameters for LSPs and/or other types of suitable 
virtual circuits are identified for each neighboring site. Next, 
at step 552, the LSPs are set up by configuring the LSPs 
tables 174 and 176. Step 552 leads to the end of the process 
by which LSPs are set up between neighboring wireless 
routers 34 for soft handoff, micro mobility and other call 
processing functions in the wireless network. 

FIG. 20 illustrates details of the LSP setup function in 
accordance with one embodiment of the present invention. 
In this embodiment, the LSP set up function analysis adja 
cent and co-channel neighbors, classes of services, peak 
bandwidth requirements, the IP forwarding and routing 
tables, the number of hops and the peak delay constraints to 
determine the LSPs for the activated site. Based on the LSP 
analysis, the LSP tables are configured to allow inter router 
communication for call processing. 

FIG. 21 is a flow diagram illustrating methodology for the 
learning state 222 in accordance with one embodiment of the 
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present invention. In this embodiment, the wireless router 30 
may handle only a partial load of traffic during the learning 
state 222. This allows the wireless router 30 to devote 
maximum resources to analyze operational data and refining 
operation of the router 30. 

Referring to FIG. 21 the method begins at step 600 in 
which operational data is continuously collected by the 
wireless router 30. Based on the operational data, the 
wireless router 30 performs coverage analysis at step 602, 
interference analysis at step 604, and parameter analysis at 
step 606. The coverage, interference, and parameter analysis 
may be performed serially or in parallel and on a continuous, 
periodic, or other Suitable basis, such as in response to an 
associated event. The coverage analysis is performed using 
real time statistics such as handoff requests and signal 
strength measurements to identify missing neighbors and 
coverage sufficiency. The interference analysis identifies 
excessive interference and missing co-channel neighbors. 
The parameter analysis uses access failures, call drops and 
handoff data to optimize the timing, access and handoff 
parameters. 

Proceeding to decisional step 610, if a new neighbor is 
identified by the coverage, interference and/or parameter 
analysis, the Yes branch leads to step 612 at which the 
neighbor list and coverage parameters are updated based on 
the new neighbor. At Step 613, parameters are renegotiated 
and updated with the existing routers to account for the 
added neighbor. If no resolution can be reached between the 
routers, the matter is referred to a OAM server for resolution 
as previously described. The OAM server will evaluate the 
site interference and other parameters provided to it and 
determine the optimum or other suitable parameters for the 
sites in conflict. If no new neighbor is identified, the No 
branch of decisional step 610 as well as step 613 lead to step 
614. 
At step 614, traffic analysis is performed to identify traffic 

overflow and/or bandwidth deficiencies. Next, at decisional 
step 616, if insufficient bandwidth is allocated, the Yes 
branch leads to step 618 in which bandwidth exchange and 
analysis is performed to obtain the needed bandwidth. If 
sufficient bandwidth is already available, the No branch of 
decisional step 616 as well as step 618 lead to decisional step 
620. At decisional step 620, the wireless router determines 
whether the operational thresholds are met. If the operational 
thresholds have not been met for the specified period of 
time, then the wireless router 30 parameters are not opti 
mized and the No branch returns to step 600 in which 
additional data is collected and analyzed as previously 
described. Upon the operational thresholds being met for the 
specified period of time, the wireless router is considered to 
be optimally configured and the Yes branch of decisional 
step of 620 leads to the end of the learning process. 

FIG. 22 is a call flow diagram for the learning state 222 
in accordance with one embodiment of the present inven 
tion. In this embodiment, a wireless router 30 communicates 
with neighbors in its limited operation. The wireless router 
30 may receive responses from a missing neighbor and 
update its parameters based on the addition of that neighbor. 
Coverage, interference, and parameter analysis are per 
formed on Statistical information collected from communi 
cation with the neighboring sites and modified parameters 
are negotiated. Traffic analysis is also performed and band 
width requested from the neighboring sites if needed by the 
new site. Channel and bandwidth parameters may be nego 
tiated between sites. 

FIG. 23 illustrates the traffic analysis function of FIG. 21 
in accordance with one embodiment of the present inven 
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tion. In this embodiment, the traffic analysis function ana 
lyzes load distribution, channels and frequencies in use, 
unused channels/frequencies, unused hopping sequences, 
power levels, site information, coverage parameters and 
control parameters as well as real time call statistics col 
lected by the activated site. Based on the input parameters, 
the traffic analysis function determines whether and what 
type of channels need to be borrowed to serve any traffic 
overflow. 

FIG. 24 is a flow diagram illustrating a method for 
performing the bandwidth analysis and exchange function in 
accordance with one embodiment of the present invention. 
In this embodiment, the method begins at step 650 in which 
additional bandwidth capacity is requested from neighbor 
ing wireless routers. At step 652, the neighbors perform 
traffic analysis and respond with unused channels available 
for borrowing. 

Next, at step 654, the site analyzes the responses from the 
neighbors and selects channels that cause the least interfer 
ence within the system. At step 656, the selected channels 
are broadcasts to regional wireless routers 30 to allow 
neighbors to object to the use of those channels. If a 
neighboring wireless router 30 objects to the use of the those 
channels, the Yes branch of decisional step 658 leads to 
decisional step 660 in which it is determined if outside 
resolution is necessary. Outside resolution may be necessary 
after no agreement has been reached after a specified num 
ber of negotiations or a specified period of time. If outside 
resolution is not necessary, the No branch of decisional step 
660 returns to step 654 in which the next set of least, or 
minimum, interfering channels is reselected based on new 
information provided by the responding wireless router 30. 
If outside resolution is necessary, the Yes branch of deci 
sional step 660 leads to step 662 in which the matter is 
referred to a OAM server. After all objections have been 
taken into account or the matter resolved by an OAM server, 
the Yes branch of decisional step 658 as well as step 662 lead 
to step 664. At step 664, the new channel/frequencies and the 
site parameters are negotiated with the neighboring wireless 
routers 30. If agreement cannot be reached on the param 
eters, the matter may be referred to the OAM server as 
previously described. Step 664 leads to the end of the 
process by which the wireless routers 30 communicate 
among themselves to exchange bandwidth as needed within 
the network. 

FIG. 25 illustrates the bandwidth analysis and exchange 
function in accordance with one embodiment of the present 
invention. In this embodiment, the bandwidth analysis and 
exchange function analyzes channels/frequencies required, 
channels/frequencies available, unused hopping sequences, 
channel/frequencies available with neighbors, unused hop 
ping sequence available with neighbors, offered load to 
neighbors and power levels for the site and neighboring 
sites. Based on these input parameters, the bandwidth analy 
sis and exchange function determines additional channels/ 
frequencies available to service overflow load from particu 
lar neighbors, additional hopping sequences available to 
service the overflow load, and modified power levels to 
service the overflow load. It will be understood that the 
bandwidth analysis and exchange function and the other 
functions may analyze additional input parameters and/or 
generate additional output parameters without departing 
from the scope of the present invention. 

FIG. 26 is a flow diagram illustrating methodology of the 
operational state 224 in accordance with the present inven 
tion. In this embodiment, the operational state continuously 
collects operational data at step 700 and determines whether 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
operation thresholds are met at decisional step 702. If 
threshold parameters are met, the Yes branch of decisional 
step 702 returns to step 700 in which additional operational 
data is collected for further analysis. If operational thresh 
olds are not met, the No branch of decisional step 702 leads 
to step 704 in which the wireless router 30 transitions back 
to the learning state 222. 

In response to a neighboring site up message 706 and/or 
a neighboring site down message 708, the wireless router 30 
performs coverage, interference and parameter analysis at 
step 710. Based on the analysis the neighbor list is modified 
at step 712. LSPs are reconfigured for the new neighbors at 
step 714 and power levels renegotiated at step 716. Next, at 
step 718, the wireless router 30 transitions back to the 
learning state 222 for operational evaluation of the new 
parameters. 

In response to a new discovery message 720, the wireless 
router 30 evaluates included parameters at step 722. At 
decisional step 724, the wireless router 30 determines 
whether it is a potential neighbor based on the location of the 
transmitting site, technologies employed by the site, and 
other suitable criteria. If the wireless router 30 is not a 
potential neighbor, the No branch returns back to the opera 
tional state 224 without further analysis. If the wireless 
router 30 is a potential neighbor, the Yes branch of deci 
sional step 724 leads to step 726. At step 726, the wireless 
router 30 generates a potential neighbor message with 
detailed site impact parameters and responds to the request 
ing site. Step 726 also returns back to the operational state 
224. 

In response to a change parameter message 730 from a 
neighboring site, the wireless router performs coverage, 
interference and parameter analysis at step 732. At deci 
sional step 734, the wireless router 30 determines whether to 
accept the requested parameter change based on the analysis. 
If the request would cause an unacceptable level of inter 
ference or reduction in coverage area for the wireless router 
30, the parameter change is not accepted and the No branch 
of decisional step 734 returns to the operational state 224. If 
the proposed parameter change is acceptable, the Yes branch 
of decisional step 734 leads to step 736 in which the wireless 
router 30 is modified based on the accepted parameter. At 
step 738, the wireless router 30 transitions to the learning 
state 222 for evaluation of operations with the new param 
eter. 

In response to an LDP/RSVP message 740, the wireless 
router 30 sets up an LSP with the requesting site at step 742 
and then returns to the operational state 224. Upon con 
trolled power down 750, the wireless router 30 transmits a 
power down message to its neighbors at step 752. The power 
down message may include site impact parameters for 
analysis/use by the neighbor sites. The power down message 
will alert the neighbors to the change in status of the wireless 
router 30 and allow the neighboring routers to reconfigure 
themselves by analyzing the site impact parameters to 
changes in the network. After transmission of the power 
down message, the wireless router 30 transitions to the 
power down state 226. 

FIG. 27 illustrates a call flow for the operational state 224 
in accordance with one embodiment of the present inven 
tion. In this embodiment, the wireless router 30 includes 
sectors S1-3 and performs coverage, interference and 
parameter analysis based on statistical data. The wireless 
router 30 performs potential neighbor analysis and responds 
to discovery messages from new sites that are potential 
neighbors. Thereafter it may negotiate parameters and set up 
LSPs with the new neighbor. The wireless router 30 deter 
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mines whether any of the sectors S1-S3 are affected by a site 
going up or going down. In response to a configuration 
change from a neighbor modification, the wireless router 30 
may negotiate parameters and set up LSPs with new and/or 
different neighbors. 5 

Although the present invention has been described with 
several embodiments, various changes and modifications 
may be suggested to one skilled in the art. It is intended that 
the present invention encompass such changes and modifi 
cations as fall within the scope of the appended claims. 10 
The invention claimed is: 
1. A method for operating a wireless node, comprising: 
activating the wireless node in a start up state; 
automatically determining in the start up state a plurality 

of operating parameters for the wireless node: 15 
configuring the wireless node based on the operating 

parameters; 
activating a radio frequency (RF) system for the wireless 

node: 
transitioning the wireless node to a learning state; 2O 
collecting operational data in the learning state and modi 

fying the operating parameters based on the operational 
data; 

reconfiguring the wireless node based on the modified 
operating parameters; 25 

after reconfiguring the wireless node, transitioning the 
wireless node to a normal operating state in response to 
determining the operational data is within predefined 
parameters; and 

collecting operational data in the normal operating state 30 
and transitioning back to the learning State in response 
to determining the operational data is outside the pre 
defined parameters. 

2. The method of claim 1, further comprising negotiating 
with a plurality of neighboring nodes in the start up state to 35 
determine the operating parameters. 

3. The method of claim 1, further comprising: 
modifying a list of neighboring nodes in the learning state 

based on the operational data; and 
modifying the operating parameters to account for the 40 

modified list of neighboring nodes. 
4. The method of claim 1, further comprising negotiating 

with the neighboring nodes to determine the initial set of 
operating parameters. 

5. The method of claim 1, further comprising transitioning 45 
from the normal operating state back to the learning State in 
response to a change in neighboring wireless topology. 

6. The method of claim 1, further comprising transitioning 
from the normal operating state back to the learning State in 
response to accepting a modification in operating parameters 50 
requested by a neighboring node. 

7. The method of claim 1, wherein the wireless node is a 
wireless router. 

8. The method of claim 1, wherein the wireless node is a 
wireless router and neighboring wireless nodes are neigh- 55 
boring wireless routers. 

9. The method of claim 1, further comprising analyzing 
the operational data and optimizing the traffic engineering 
parameters based on the operational data. 

10. The method of claim 1, wherein the predefined 60 
parameters comprise efficiency thresholds. 

11. The method of claim 1, wherein the operating param 
eters comprise coverage parameters determined to maxi 
mum radio coverage of the wireless node. 

12. The method of claim 1, wherein the operating param- 65 
eters comprise interference parameters determined to mini 
mize interference associated with the wireless node. 
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13. The method of claim 1, wherein transitioning the 

wireless node to a normal operating state in response to 
determining the operational data is within predefined param 
eters comprises transitioning the wireless node to a normal 
operating State in response to determining the operational 
data is within predefined parameters for a specified period of 
time. 

14. A wireless node for wireless communications net 
work, comprising: 

computer implementable instructions encoded in at least 
one computer processable medium; 

the instructions operable upon processing to activate the 
wireless node in a start-up state, to automatically deter 
mine in the start-up state a plurality of operating 
parameters for the wireless node, to configure the 
wireless node based on the operating parameters, to 
activate a radio frequency (RF) system for the wireless 
node, to transition the wireless node to a learning state, 
to collect operational data in the learning state and 
modify the operating parameters based on the opera 
tional data, to reconfigure the wireless node based on 
the modified operating parameters, and, after reconfig 
uring the wireless node, to transition the wireless node 
to a normal operating state in response to determining 
the operational data is within predefined parameters; 
and 

the instructions operable upon processing to collect opera 
tional data in the normal operating state and to transi 
tion back to the learning state in response to determin 
ing the operational data is outside the predefined 
parameters. 

15. The wireless node of claim 14, the instructions oper 
able upon processing to negotiate with a plurality of neigh 
boring nodes in the start-up state to determine the operating 
parameters. 

16. The wireless node of claim 14, the instructions oper 
able upon processing to modify a list of neighboring nodes 
in the learning state based on the operational data and to 
modify the operating parameters to account for the modified 
lists of neighboring nodes. 

17. The wireless node of claim 14, the instructions oper 
able upon processing to negotiate with the neighboring 
nodes to determine the initial set of operating parameters. 

18. The wireless node of claim 14, the instructions oper 
able upon processing to transition from the normal operating 
state back to the learning state in response to a change in the 
neighboring wireless topology. 

19. The wireless node of claim 14, the instructions oper 
able upon processing to transition from the normal operating 
state back to the learning state in response to accepting a 
modification and operating parameters requested by a neigh 
boring node. 

20. The wireless node of claim 14, wherein the wireless 
node is a wireless router. 

21. The wireless node of claim 14, wherein the wireless 
node is a wireless router and neighboring wireless nodes are 
neighboring wireless routers. 

22. The wireless node of claim 14, the instructions oper 
able upon processing to analyze the operational data and to 
optimize the traffic engineering parameters based on the 
operational data. 

23. The method of claim 14, wherein the predefined 
parameters comprise efficiency thresholds. 
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24. The method of claim 14, wherein the operating 
parameters comprise coverage parameters determined to 
maximum radio coverage of the wireless node. 

25. The method of claim 14, wherein the operating 
parameters comprise interference parameters determined to 
minimize interference associated with the wireless node. 

26. The method of claim 14, wherein instructions oper 
able upon processing to transition the wireless node to a 
normal operating state in response to determining the opera 
tional data is within predefined parameters comprise instruc 
tions operable upon processing to transition the wireless 
node to a normal operating state in response to determining 
the operational data is within predefined parameters for a 
specified period of time. 

27. A method for operating a wireless node, comprising: 
activating the wireless node in a start up state; 
automatically determining in the start up state a plurality 

of operating parameters for the wireless node: 
configuring the wireless node based on the operating 

parameters; 
activating a radio frequency (RF) system for the wireless 

node: 
transitioning the wireless node to a learning state; 
collecting operational data in the learning state and modi 

fying the operating parameters based on the operational 
data, the operational data comprising at least one of a 
call block percentage, an access failure percentage, a 
packet error rate and a frame error rate; 

reconfiguring the wireless node based on the modified 
operating parameters; 

after reconfiguring the wireless node, transitioning the 
wireless node to a normal operating state in response to 
determining the operational data is within predefined 
parameters associated with at least one of a call block 
percentage, an access failure percentage, a packet error 
rate and a frame error rate; and 

10 

15 

25 
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35 
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collecting operational data in the normal operating state 

and transitioning back to the learning State in response 
to determining the operational data is outside the pre 
defined parameters. 

28. A wireless node for wireless communications net 
work, comprising: 

computer implementable instructions encoded in at least 
one computer processable medium; 

the instructions operable upon processing to activate the 
wireless node in a start-up state, to automatically deter 
mine in the start-up state a plurality of operating 
parameters for the wireless node, to configure the 
wireless node based on the operating parameters, to 
activate a radio frequency (RF) system for the wireless 
node, to transition the wireless node to a learning state, 
to collect operational data comprising at least one of a 
call block percentage, an access failure percentage, a 
packet error rate and a frame error rate in the learning 
state and modify the operating parameters based on the 
operational data, to reconfigure the wireless node based 
on the modified operating parameters, and, after recon 
figuring the wireless node, to transition the wireless 
node to a normal operating state in response to deter 
mining the operational data is within predefined param 
eters associated with at least one of a call block 
percentage, an access failure percentage, a packet error 
rate and a frame error rate; and 

the instructions operable upon processing to collect opera 
tional data in the normal operating state and to transi 
tion back to the learning state in response to determin 
ing the operational data is outside the predefined 
parameters. 
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