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METHOD AND SYSTEM FOR WIRELESS MULTI-HOPPING
COMMUNICATION

Field of the Invention

[0001] The present invention relates generally to a method and system for wireless
multi-hopping communication, and more particularly, to a system and method of
wireless multi-hopping communication while utilizing a frequency opportunistically

with reduced interference to a primary user of a transmitting frequency.

Background

[0002] The radio frequency (RF) spectrum is often segmented or divided into various
frequency bands for use with differing types of wireless devices. In order to prevent
interference, these devices typically may be licensed to operate only within a certain
frequency band. Thus, these devices transmit and/or receive signals in a specific
frequency range and with predefined guard bands, and transmit mask. For example,
commercial amplitude modulated (AM) radio broadcasts are transmitted in

the 560-1600 KHz frequency spectrum, commercial frequency modulated (FM) radio
broadcasts and television broadcasts are transmitted between approximately 50-700
MHz frequency spectrum while Bluetooth and WiFi devices operate in an unlicensed
band between 2.4 to 2.4835 GHz. Those specific frequencies that the device uses to
transmit and/or receive signals are typically referred to as a channel.

[0003] Throughout these specific bands of frequencies with which the devices use for
their operation, there are portions of the frequency spectrum that remain unused.
Additionally, the use of specific channels within the frequency band can alter
depending on the time and/or location. For example, a television or radio broadcast
may only transmit a signal on the channel at certain times of the day and at a certain
power level. Similarly, the television or radio broadcast may only transmit a signal on
the channel in one particular area or region yet while this spectrum in other areas or
regions remains unused.

[0004] The Federal Communications Commission (FCC) in the United States, and its
counterparts around the world, allocate radio spectrum across frequency channels of
varying bandwidth. Various bands may cover, for example, AM radio, VH television,

cellular phones, citizen’s-band radio, pagers and so on. As more devices go wireless,
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an increasingly crowded amount of radio spectrum needs to be shared. Although the
radio spectrum is almost entirely occupied, not all devices use portions of the radio
spectrum at the same time or location. At certain times and location, a large
percentage of the allocated spectrum may be sitting idle, even though it is officially
accounted for. Regulatory authorities are beginning to permit usage of allocated
spectrum on a secondary basis under certain strict constraints. For example, the FCC
is beginning to permit the secondary usage of channels 21-51, also known as TV
white space.

[0005] Cognitive radio is a term used to describe a suite of technologies with the
potential to significantly alter the manner in which spectrum is utilized by future radio
systems. A paradigm for wireless communication in which either a network or
wireless device alters its transmission or reception parameters to avoid inference with
licensed or unlicensed incumbent users, cognitive radio implements measures to
avoid selecting an occupied frequency, so as to avoid interference that can possibly
damage the incumbent device and /or reduce its signal reception quality. The
alteration of parameters is based on active monitoring of several factors in the
external and internal radio environment, such as radio frequency usage, user behavior
and network state.

[0006] Cooperative spectrum sensing is a technique used to increase the probability
of detection of primary users leading to reduced interference to the primary users by
the cognitive radio network. However, cooperative sensing has certain drawbacks
when individual nodes experience correlated fading or shadowing effects. Shadowing
or long term fading refers to variation in received power due to large obstacles
between the transmitter and the receiver.

[0007] In recent years, a type of mobile communications network known as an "ad-
hoc" network has been developed. In this type of network, each mobile node is
capable of operating as a base station or router for the other mobile nodes, thus
eliminating the need for a fixed infrastructure of base stations. A class of ad-hoc
networks called mesh networks, support multiple frequencies as well as multiple
hops. As cognitive radio applications expand, it would be desirable to add cognitive

radio compatibility powered by cooperative spectrum sensing within a multi-hop
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network, while keeping in mind that interference issues to the licensed users need to

be addressed.

Brief Description of the Figures

[0008] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views and which together with
the detailed description below are incorporated in and form part of the specification,
serve to further illustrate various embodiments and to explain various principles and
advantages all in accordance with the present invention.

[0009] FIG. 1 is a schematic diagram of a wireless multi-hopping communication
system, in accordance with an embodiment of the invention.

[0010] FIG. 2 is a schematic diagram of a wireless multi-hopping communication
system in accordance with an embodiment of the invention.

[0011] FIG. 3 is a schematic diagram of a wireless multi-hopping communication
system in accordance with an embodiment of the invention.

[0012] FIG. 4 is a flow chart diagram illustrating a method of communicating
between a plurality of nodes in accordance with an embodiment of the invention.
[0013] FIG. 5 is a table illustrating rankings of a plurality of nodes according to the
exemplary method illustrated in FIG. 4 in accordance with an embodiment of the
invention.

[0014] FIG. 6A and FIG. 6B are examples of tables that illustrate available
frequencies in nodes in accordance with the method illustrated in FIG. 4, in
accordance with an embodiment of the invention.

[0015] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

invention.

Detailed Description

[0016] Before describing in detail embodiments that are in accordance with the

present invention, it should be observed that the embodiments reside primarily in
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combinations of method steps and system or apparatus components related to wireless
multi-hopping communication. Accordingly, the apparatus components and method
steps have been represented where appropriate by conventional symbols in the
drawings, showing only those specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure the disclosure with details
that will be readily apparent to those of ordinary skill in the art having the benefit of
the description herein.

[0017] In this document, relational terms such as first and second, top and bottom,
and the like may be used solely to distinguish one entity or action from another entity
or action without necessarily requiring or implying any actual such relationship or
order between such entities or actions. The terms "comprises,” "comprising," or any
other variation thereof, are intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of elements does not
include only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An element proceeded by
“comprises ...a” does not, without more constraints, preclude the existence of
additional identical elements in the process, method, article, or apparatus that
comprises the element.

[0018] FIG. 1 is a schematic diagram of a wireless multi-hopping cognitive radio
communication system where a wireless multi-hopping cognitive radio cooperative
sensing (CS) communication system 100 includes an access point (AP) 102 and a
source node CR; in communication with the access point 102. Typically, the
communication system 100 is at least one system that forms the spectrum of wireless
communications, wherein signals are communicated on various frequencies. Those
skilled in the art will recognize that the source node CR; may be configured to
transmit voice and/or data on at least one of a plurality of frequencies. A plurality of
nodes (e.g., CR,, CRj;...CRy) operate such that they also communicate with the AP
102. In system 100 as described herein, at least a portion of the nodes (CR;, CRy,
...CRy) may include one or more devices for transmitting and/or receiving a signal.
Additionally or alternatively, it should be appreciated that the access point 102 can be
a mobile or fixed base station transceiver while transmitted and received data in the

system can include, but is not limited to, voice, video, image, text information, or
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combinations thereof. The communication system 100 determines an efficient routing
path for transmitting the data from any source node (example CR; ) to the access point
102, wherein each hop utilizes a secondary channel which is licensed to a primary
user such that there is minimum or no interference to the primary user based upon a
plurality of variables. According to one embodiment, the secondary channel is a
channel in a licensed (e.g., TV) or unlicensed spectrum, which can be
opportunistically used by the system 100 on a secondary basis.

[0019] The source node CR; and the plurality of nodes are adapted to determine an
optimal routing path utilizing at least one intermediate node (e.g., CR») of the
plurality of nodes. Moreover, a transmitting frequency is selected for reducing
interference to a primary user of the transmitting frequency, as will be fully described
in greater detail herein. Typically, the transmitting frequency is selected so that there
is minimum or no interference to the primary users. For purposes of explanation and
not limitation, the transmitting frequency can be frequency or channel that is utilized
to transmit the signal from one node to another node or the access point 102, such as,
but not limited to, transmitting a signal from the source node CR; to the intermediate
node CRo.

[0020] According to one embodiment, the primary user of a transmitting frequency is
a user of a system included in the spectrum other than the communication system 100,
such as, but not limited to, a television broadcast, a radio broadcast, wireless
microphones, or the like, wherein the system 100 communicates via the primary
user’s transmitting frequency when the primary user is not using the frequency. Thus,
the system 100 is utilizing frequencies that are licensed to primary users, wherein the
primary users or the communication thereof are not part of the system 100.

[0021] In operation, the communication system 100 transmits voice and/or data from
the source node CR; to the access point 102 utilizing at least a portion of the plurality
of nodes. The plurality of nodes selected for the routing path between the source node
CR; and the access point 102 are based upon reducing interference to a primary user
of the transmitting frequency between each node. Those skilled in the art should
recognize that the source node CR; can also operate as an intermediate node in the
communication of data to the access point 102. Each node in the communication

system is similar and can act either as router for other nodes or source in case it wants
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to transmit voice and/or data to the access point. Thus, when another node of the
plurality of nodes is the originator of the data, CR; will also operate as intermediate
node.

[0022] The communication system 100 determines an efficient routing path for
transmitting the data from the source node CR; to the access point 102 based upon a
plurality of variables derived and/or determined from a single data base or various
data bases. The one or more data bases can be included in the communication system
100, external to the communication system 100, or a combination thereof. Examples
of these variables may include the location of the access point 102, the identity and/or
the location of the source node CR; as received from a geo-location database 106, the
identity and/or location of the plurality of nodes as received from the geo-location
database 106, the local terrain data that is obtained from a local terrain database 108
(e.g., mountainous territory), any "policy data” or other rules of the communication
system 100 that is obtained from the policy database 110 (e.g., constraints the
communication system 100), the like, or a combination thereof. Additionally or
alternatively, the geo-location database 106 can provide information as to the primary
users of frequencies, coverage contours of the primary users, other information as to
the operation of primary users, the like, or a combination thereof.

[0023] FIG. 2 is a schematic diagram of a wireless multi-hopping communication
system in accordance with an embodiment of the invention. In the multi-hopping
system, the access point 102 initially communicates a list of nodes that are within the
system 100. Alternatively, each node may detect the presence of neighboring nodes
through other techniques like beaconing etc. A set of nodes that are within a certain
distance (d) 212 of the source node CR; is then chosen from the list. By way of
explanation and not limitation, the distance 212 can be a radius from the source node
CR,, or the distance 212 can represent an area or neighborhood around the source
node CR; that includes a set of nodes. Typically, the distance 212 may be determined
to be a distance d that is greater than two times a minimum distance that substantially
guarantees uncorrelated shadowing and less than the maximum range of the source

node CRy (dmax). This can be expressed in the following equation:

2dmin <d< dmax (Eq 1)
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[0024] Typically, the value of the minimum distance that guarantees uncorrelated
shadowing (dmin) is at least partially based upon a terrain that the communication
system 100 is operating. This data can be determined based upon a local terrain
database 108 (Fig. 1). The source node CR; then routes or transmits the data to a
second or intermediate node CR; on a determined frequency (Fi.,) based on a standing
or ranking of the nodes. As will be evident to those skilled in the art, the node CR,
may be assigned a higher rank than at least one other of the plurality of nodes within a
neighborhood that is dependent on the distance 212. According to one embodiment of
the invention, the node CR; that is selected to receive the data from the source node
CR; will be the highest ranked node within its neighborhood.

[0025] In operation, the routing path between the source node CR; and the access
point 102 is determined based upon at least one operating condition of the source
node CR; and other nodes identified within its neighborhood. For example, the
operating condition of the source node CR; can utilize one or more algorithms for
determining distances between the source node CR; and other nodes identified within
its neighborhood, the transmitting power needed to transmit the signal from the source
node CR; to any of the identified nodes, and the transmitting frequencies that can be
used without causing interference to the licensed primary users. A metric called
sensing reliability is estimated by each identified node for determining the
transmitting frequencies. The sensing reliability can be based upon determining a
"confidence" level in detecting the presence of a primary user at some predetermined
transmitting frequency. Typically, the primary user of the transmitting frequency will
be a licensed user of the transmitting frequency, wherein the primary user can be a
user of a system other than the communication system 100. Thus, the transmitting
frequency is used to transmit voice and/or data between the source node CR;, at least
a portion of the plurality of nodes and, the access point 102, when the licensed
primary user is not using the transmitting frequency or not being interfered with. The
intermediate node CR; that receives the signal from the source node CR; can be
determined based upon a weighted combination of the distance to source node CRy,
the required transmit power of the source node CR; to reach the intermediate node

CR3, and the sensing reliability of the source node CR». Thus, the routing path and the
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associated transmit frequencies from the source node CR; to the access point 102 are
determined with respect to weighted combination that is computed for each node.
[0026] FIG. 3 is a schematic diagram of the wireless multi-hopping communication
system 100, wherein it is determined which of the plurality of nodes can receive a
signal from the node CR; after the node CR; has received the signal from the source
node CRy, according to one embodiment. Similar to the source node CR; shown in
FIG. 2, the access point 102 transmits a list of nodes that are within a certain distance
312 of the node to CR,. Thus, the intermediate node CR; transmits the data to another
intermediate node CR3 within the distance or neighborhood 312. These signals can be
transmitted from the node CR; to the node CRj at the same or different frequency (F».
3) than that which was used to transmit the signal from the source node CR; to the
intermediate node CR,. In the event that the access point 102 is within the distance
212 (Fig. 2) or within the distance 312 (Fig. 3), the signal will be transmitted from the
node CR; or CR,, respectively, to the access point 102 rather than another of the
plurality of nodes within the communication system 100.

[0027] FIG. 4 is a flow chart diagram illustrating a method of communicating
between a plurality of nodes 400 in accordance with an embodiment of the invention.
The diagram illustrates a method of communicating between a plurality of nodes to
minimize interference to a primary user of a transmitting frequency. It should be
noted that this flow chart in Fig 4 is executed at every node within the communication
system 100. The access point 102 transmits a list of possible candidate channels or
frequencies for cooperation to the plurality of nodes 420. Typically, a channel list is a
set of active or alternate channels. A target diversity level is then defined based upon
operating conditions 422. Typically, the target diversity level can be a minimum
number of uncorrelated nodes that are needed for achieving a target, or desired,
probability of primary user detection with a specified false alarm level. A set of
nodes is then chosen 426 that fall within the distance 212 of the source node CR; (this
is just an example. The same flowchart runs for all the CR nodes). This can be

represented by the following equation, wherein < represents a set of nodes, |

represents a number of elements or nodes in a set , M represents the number of nodes,

and L represents a target diversity:



WO 2010/062443 PCT/US2009/057325

sl = 3 A (Eq. 2)

Subsequently, L nodes can be chosen from this set, such that the pair-wise distances
are maximized 428 which may be greater than the minimum distance (dmin). The
distance between each node and the access point 102 is computed 430 and a required
transmit power (TPy) is computed 432 between the source node CR; and each node
within the neighborhood 212.

[0028] For each candidate frequency or channel that CR; received the following steps

are performed. Each CR node in the chosen set 5? senses the channel for the presence

of primary activity using one or more spectrum sensing algorithms. A sensing
reliability metric () 434 is computed. The chosen nodes in the set y cooperatively
436 determine using a suitable fusion method (OR, AND etc.) whether primary
activity is present or not 438. The spectrum is then sensed, such that if it is
determined that the channel is free 438, then the CR nodes are sorted based upon a
weighted combination of one or more operating conditions including distances
between the CR nodes to the AP 102, required transmit powers from CR; to the other
CR nodes in the set y and the sensing reliabilities of the CR nodes 440. Should it be
determined that the channel is not free 438, then the channel is marked occupied and
the steps 434-440 are continued for other channels in the list. Typically, spectrum
sensing is the process of detecting an incumbent in a spectrum or a spectrum
opportunity. A spectrum opportunity can be a band of frequency not used by the
primary user of the band and can be used by a secondary user without causing
interference to the primary user.

[0029] As should be further evident to those skilled in the art, the routing path can be
determined as a function of the sorted list of the plurality of nodes. Thus, at least one
node of the plurality of nodes with a greater ranking can route the communication
from the source node CR;.

[0030] FIG. 5 is a table illustrating rankings of a plurality of nodes according to the
exemplary method illustrated in FIG. 4. This exemplary table sets forth the ranking
of frequencies or channels (F;-F5) based upon monitored operating conditions. For
example, the source node CR; has a choice and may cither transmit the data to CR;

using frequency Fy, transmit to CR4 using frequency F4, transmit to CRs using
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frequency F; or Fs, or transmit to CR; using frequency Fs. Thus the source node CR4
has multiple options to choose for the next hop. Out of these nodes with high rankings
on a particular frequency, the node can be selected based upon a shortest path to the
access point 102, such that the total number of hops is reduced. Typically, nodes and
frequencies having a medium, low, or no ranking will not be used while other nodes
and frequencies having a higher ranking are preferred. As seen in the table, frequency
F;is illustrated as not being available, which may be based upon the primary user
utilizing the frequency Fs. It should be appreciated by those skilled in the art that
similar tables or rankings will be generated for every node within the communication
system 100.

[0031] FIG. 6A and FIG. 6B are examples of tables that illustrate available
frequencies in nodes in accordance with the method illustrated in FIG. 4. It should be
noted that each node will execute the flowchart described in Fig 4 and derive the
routing options as well as the associated transmit frequencies. Further, the
determination of these routing options may be accomplished at power-up. Each node
may have multiple options to relay the voice and/or data in order to reach the access
point 102. For example, the source node CR; may transmit to the node CR,, node
CR4, node CRs, or node CR; using selected frequencies (e.g., frequencies Fq 5, Fi 4, Fy.
s, and Fy_7, respectively) based upon the ranking (Fig. 6A). Similarly, the second node
CR; can transmit to the node CR3, node CR;s, and yet another node CRy; using
respective frequencies (e.g., frequencies F».1, F2 3, Fo.15, and F;01, respectively) based
upon the ranking (Fig. 6B). The existence of multiple choices as the next hop from
any given source node gives the flexibility in cases where the preferred path exhibits
poor link quality.

[0032] Thus, the present invention can be directed to a system or method of wireless
multi-hopping while reducing interference to a primary use of a transmitting
frequency, according to one embodiment. The system and method can implement a
plurality of nodes, wherein a routing path is determined from a source node to an
access point utilizing at least a portion of the plurality of nodes based upon at least
one operating condition. The invention is advantageous since the nodes and available
frequencies are efficiently utilized, such that the system 100 communicates a signal

on a transmitting frequency when the primary user of the transmitting frequency is not

10
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transmitting. The efficient selection of the nodes for cooperative sensing to determine
the transmitting frequencies overcomes the correlated shadowing and fading effects
that is a major drawback of past cooperative sensing.

[0033] In the foregoing specification, specific embodiments of the present invention
have been described. However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without departing from the scope of
the present invention as set forth in the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the scope of present invention.
The benefits, advantages, solutions to problems, and any element(s) that may cause
any benefit, advantage, or solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or elements of any or all the
claims. The invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as issued.

11



WO 2010/062443 PCT/US2009/057325

Claims

We claim:

L. A wireless multi-hopping communication system comprising:
an access point;

a source node in communication with the access point, and configured to

transmit data on at least one of a plurality of frequencies; and

a plurality of nodes in communication with the access point and the source
node, and configured to transmit the data on at least one of the plurality of frequencies,
wherein the source node and the plurality of nodes are adapted to determine a routing
path from the source node to the access point utilizing at least one intermediate node
of the plurality of nodes and a transmitting frequency of the plurality of frequencies

while reducing interference to a primary user of the transmitting frequency.

2. The system of claim 1, wherein the routing path is determined as a function of
at least one of a distance between the source node and the access point, a transmit
power needed to transmit the signal from the source node to an intermediate node of

the plurality of nodes, and a sensing reliability of the intermediate node.

3. The system of claim 1, wherein the access point obtains data from at least one
of a geo-location database, a local terrain database, and a policy database, such that

the data is communicated to the source node and utilized to determine the routing path.

4. The system of claim 1, wherein the routing path from the source node to the
intermediate node is determined as a weighted function of a distance between the
source node and the access point, a transmit power needed to transmit the signal from
the source node to an intermediate node of the plurality of nodes, and a sensing

reliability of the intermediate node.

12
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5. The system of claim 1, wherein the intermediate node determines a routing
path from the intermediate node to the access point utilizing another intermediate
node of the plurality of nodes and a second transmitting frequency of the plurality of

frequencies while reducing interference to a primary user of the second transmitting

frequency.
6. The system of claim 1, wherein the system is a cognitive radio system.
7. A method of communicating between a plurality of nodes and an access point

to reduce interference to a primary user transmitting on a primary channel, the method

comprising the steps of:

transmitting a list of potential secondary channels from the access point to the
plurality of nodes;

providing the identity of the plurality of nodes to a source node for
determining its adjacent nodes;

defining a target diversity level based upon at least one operating condition of
the source node;

choosing a set of at least one node from the list of the plurality of nodes based
upon which of the at least one node is within a distance of the source node;

sorting the at least one node of the chosen set based upon a ranking of the at

least one node that is a function of at least one operating condition; and

determining a routing path utilizing at least one sorted node, wherein the
routing path is a function of the sorted set, such that at least one node with a greater

ranking in the sorted set routes the communication from the source node.

8. The method of claim 7 further comprising the step of:

determining at least one of a distance between the source node and the access point,
and a distance between the source node and an intermediate node of the plurality of

nodes.

13
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9. The method of claim 7 further comprising the step of:

determining a transmitting power needed to transmit a signal from the source node to

an intermediate node of the plurality of nodes.

10. The method of claim 7 further comprising the step of:

computing a sensing reliability metric of the at least one node.

11. The method of claim 10, wherein the step of computing a sensing reliability

metric of the at least one node further comprises the step of:

determining a confidence level in detecting the presence of a primary user of a

transmitting frequency.

12. The method of claim 7, wherein the step of sorting the at least one node
further comprises the step of sorting the at least one node as a function of a weighted
combination of a distance between the at least one node and the access point, a
transmit power needed to transmit the signal from the source node to the at least one

node of the plurality of nodes, and a sensing reliability of the at least one node.

13. The method of claim 7, wherein the step of sorting the at least one node
further comprises ranking each of the plurality of nodes with respect to a transmitting

frequency.

14. The method of claim 7 further comprising the step of communicating a signal
to an intermediate node of the plurality of nodes from the source node, wherein the

intermediate node performs the steps of:

choosing a set of at least one node from the list of plurality of nodes based

upon which of the at least one node is within a distance of the intermediate node;

sorting the at least one node of the chosen set based upon at least one

operating condition; and
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determining a routing path utilizing at least one sorted node, wherein the
routing path is a function of the sorted set, such that at least one node with a greater

ranking in the sorted set routes the communication from the intermediate node.

15. The method of claim 7 further comprising the step of obtaining data
from at least one of a geo-location database, a local terrain database, and a policy
database, such that the source node utilizes the obtained data from at least one of the
geo-location database, the local terrain database, and the policy database to determine

the routing path.

16. A method of communicating between a plurality of nodes and an access point
to reduce interference to a primary user of a primary transmitting channel, the method

comprising the steps of:

a) transmitting a list of potential secondary channels from the access point to

the plurality of nodes;

b) providing the identity of ecach the plurality of nodes to a source node for

determining adjacent nodes;

¢) determining a location of the source node and at least a portion of the

plurality of nodes

d) choosing a set of nodes from the list of the plurality of nodes, such that a

pair-wise distance is maximized;

¢) determining a distance between the chosen set of nodes and the access
point;

f) determining a transmitting power needed to transmit a signal from the

source node to an intermediate node of the plurality of nodes;

g) performing spectrum sensing on the secondary channels to cooperatively

determine if a primary user is present on the secondary channels;
h) computing the sensing reliability of the chosen set of nodes ;

1) sorting the nodes of the chosen set based upon a ranking of the nodes that is

a weighted function of the determined distance between any intermediate nodes and

15
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the access point, the determined transmitting power, and the sensing reliability of the

intermediate nodes; and

J) determining a routing path from the source node utilizing at least one of the
sorted nodes, wherein the routing path is a function of the sorted set, such that the
node with a greater ranking in the sorted set routes the communication from the

source node.

17. The method of claim 16, wherein the step of sorting the plurality of nodes
further comprises ranking each of the plurality of nodes with respect to a transmitting

frequency.

18. The method of claim 16 further comprising the step of communicating a signal
to an intermediate node of the plurality of nodes from the source node, wherein the

intermediate node performs the steps of:

choosing a set of nodes from the list of the plurality of nodes based upon

which of the nodes is within a distance of the intermediate node;

sorting the nodes of the chosen set based upon a ranking of the nodes that is a

function of at least one operating condition; and

determining a routing path utilizing from the intermediate node utilizing the
sorted set, wherein the routing path is a function of the sorted set, such that the nodes
with a greater ranking in the sorted set routes the communication from the

intermediate node.

19. The method of claim 16, wherein the step of computing the sensing reliability
of any node further comprises the step of determining a confidence level in detecting

the presence of a primary user of the transmitting frequency.

16
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20. The method of claim 16, further comprising the step of:

repeating step a) through step j) for determining a routing path for each of the

chosen set of nodes of the plurality of nodes; and

marking any secondary channels as unavailable for use at a source node based

on spectrum sensing involving the chosen set of nodes.

17



WO 2010/062443 PCT/US2009/057325

6

100

GEO-LOCATION
DATABASE

LOCAL TERRAIN
DATABASE

POLICY
DATABASE

FiIG. 1



WO 2010/062443

\

2/6

e,

PCT/US2009/057325



PCT/US2009/057325

WO 2010/062443

36

100
4

T,

S e e

R

R

R

FiIG. 3



WO 2010/062443

420

422

426

428

430

432

434

436

440

46

N
AP TRANSMITS LIST OF POSSIBLE CANDIDATE CHANNELS
FOR COOPERATION TO THE PLURALITY OF NODES

~ Y
TARGET DIVERSITY LEVEL(L) IS DEFINED BASED UPON
OPERATING CONDITIONS
~ Y
CHOOSE A SET OF NODES THAT ARE WITHIN A DISTANCE OF
SOURCE NODE
~ Y
CHOOSE L NODES FROM THIS SET SUCH THAT THE
PAIR-WISE DISTANCES ARE MAXIMIZED
~ Y
COMPUTE THE DISTANCE d, BETWEEN EACH NODE k AND APy
~ Y
COMPUTE THE REQUIRED TRANSMIT POWER (TP, )
BETWEEN THE SOURCE NODE AND EACH NODE
WITHIN THE DISTANCE

iy

PCT/US2009/057325

400

. r

SENSE AND ESTIMATE A RELIABILITY METRIC Q
~ Y
USE THE CHOSEN NODES TO COMBINE THE SENSING
INFORMATION
438
CHANNEL FREE ? NO
~N

SORT THE NODES WITHIN THE DISTANCE BASED UPON A
WEIGHTED COMBINATION OF OPERATING CONDITIONS

FiIG. 4



WO 2010/062443 PCT/US2009/057325

56

NEXT

L SECONDARY CHANNEL LIST FOR CRy

FOR CR,

F, F Fs Fy Fs

CR, HIGH MED LOW
CR, MED HIGH MED
CR; LOW HIGH LOW HIGH
CR, MED MED HIGH

FiG. 5




WO 2010/062443

CRy

CR,

6/6

PCT/US2009/057325

CHANNEL /

FREQUENCY F1-2 F14 Fi5 Fi7
NEXT HOP
FORM CR, CRy CRy CRs CRy
CHANNEL /

FREQUENCY Fo1 Fos Fo.15 Fo.21
NEXT HOP
FORM CR, CR, CR, CRy5 CRy4

FIG. 6B



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2009/057325

A. CLASSIFICATION OF SUBJECT MATTER

HO4W 40/12(2009.01)i, HO4W 40/20(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4W 40/12; HO4L 12/28; HO4L 12/56

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

(Chinese Patents and application for patent)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: hop, access point, interference and routing

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y EP 1617608 A1l (MICROSOFT CORPORATION) 18 January 2006 1,6
See abstract; paragraphs [0041]-[0042]; and figure 7.

Y US 2008-0039101 A1 (EDGAR H. CALLAWAY) 14 February 2008 1,6
See abstract; paragraphs [0002] and [0025].

A US 2008-0232258 A1l (PETER LARSSON et al.) 25 September 2008 1-20
See abstract; and claims 1-3.

A US 6456599 Bl (BRIG BARNUM ELLIOTT) 24 September 2002 1-20
See abstract; figure 3; and claim 3.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
30 MARCH 2010 (30.03.2010) 31 MARCH 2010 (31.03.2010)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- IM, DAE SHIK
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5947

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2009/057325

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1617608 A1 18.01.2006 DE 602005006478 D1 19.06.2008
JP 2006-020302 A 19.01.2006
KR 10-2006-0092811 A 23.08.2006
US 2005-0286426 A1l 29.12.2005
US 7616575 B2 10.11.2009

US 2008-0039101 A1 14.02.2008 None

US 2008-0232258 A1 25.09.2008 EP 1859580 A1 28.11.2007
JP 2008-533806 A 21.08.2008
WO 2006-096097 A1 14.09. 2006

US 6456599 B1 24.09.2002 None

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

