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receiving at a coordinator node a plurality of operational reports
from a plurality of devices, each device engaging in a WiFi Direct
communication session, the operational reports identifying a first
communication parameter used for the WiFi Direct wireless com-
munication session and a second communication parameter ob-
served of a neighboring communication session; calculating one or
more optimal communication parameters for one or more of the
plurality of devices using the first and second communication para-
meters from the plurality of operational reports; and sending to the
one or more of the plurality of devices the calculated one or more
optimal communication parameters, wherein the plurality of opera-
tional reports are received and the optimal communication paramet-
ers are sent over a network out-ofband from the WiFi Direct com-
munication sessions.
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WIFI DIRECT SETUP USING OUT OF BAND SIGNALING

PRIORITY CLAIM

[0001] This application claims the benefit of priority to United States Patent
Application Serial No. 13,660,237, filed October 25, 2012, which application is

hereby incorporated herein by reference in its entirety.

COPYRIGHT NOTICE

[0002] A portion of the disclosure of this patent document contains material
that is subject to copyright protection. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office patent files or
records, but otherwise reserves all copyright rights whatsoever. The following
notice applies to the software and data as described below and in the drawings

that form a part of this document: Copyright INTEL, All Rights Reserved.

BACKGROUND
[0003] Wireless Fidelity (WiFi) Direct systems allow for devices that
communicate according to an Institute for Electrical and Electronics Engineers
(IEEE) 802.11 family of standards to communicate directly with each other
without the need for a central access point. Devices employing WiFi Direct can
“find” each other using device and service discovery and establish a secure peer-
to-peer wireless connection to these devices without the need for the traditional
access point. Typically each device that supports WiFi Direct includes a
software access point (“Soft AP”). This Soft AP effectively turns a particular

device into an access point to which one or more other devices can connect.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0004] In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the present document.
[0005] FIG. 1 shows a schematic of a system according to some examples of
the present disclosure.
[0006] FIG. 2 shows a flowchart of a method according to some examples of
the present disclosure.
[0007] FIG. 3 shows a flowchart of a method according to some examples of
the present disclosure.
[0008] FIG. 4 shows a schematic of a system according to some examples of
the present disclosure.
[0009] FIG. 5 shows a schematic of a machine according to some examples

of the present disclosure.

DETAILED DESCRIPTION
[0010] Since WiFi Direct uses unlicensed spectrum, it is subject to collisions
and interference from other devices that use similar frequencies. As the usage of
WiFi Direct increases, so too will the possibility of interference between
different WiFi Direct communications sessions. For example, if multiple
laptops/notebooks or any other computing devices are communicating with
multiple respective docking stations via Wi-Fi Direct it is possible that the
docking station/notebook pairs may interfere with each other. This is because
the frequency and other parameters used for the WiFi Direct communications are
not coordinated between each communication session. While the devices may
scan for free frequencies to use prior to, or as part of, establishing their
communication session, this is not a guarantee that this frequency is actually free

or that the frequency will remain free in the future. While WiFi devices utilize
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collision avoidance through Carrier Sensing Multiple Access/Collision
Avoidance (CSMA/CA), that mechanism provides only a partial solution as it is
not able to guarantee a particular level of Quality of Service (QoS) that may be
required for certain WiFi Direct applications (e.g., a WiFi Direct docking
station).

[0011] Disclosed in some examples are systems, methods, and machine-
readable media which utilize out-of-band signaling to coordinate frequency and
other operational parameters among a plurality of previously uncoordinated
wireless communication sessions (e.g., WiFi Direct communication sessions).
The term communication session may describe one or more devices which are
engaged in ongoing communications. For example, a WiFi Direct device
running a Soft AP and all devices which have associated with that access point
may be a WiFi Direct communication session. A WiFi association procedure
enables the Soft AP to allocate resources and synchronize with a particular
device. While the examples presented herein are described in the context of
WiFi Direct devices and communication sessions, one skilled in the art with the
benefit of Applicant’s disclosure will appreciate that other previously
uncoordinated wireless communications sessions (e.g., Bluetooth) may benefit
from the systems, methods, and machine-readable media herein disclosed.
[0012] The out-of-band coordination may occur on another WiFi network
(e.g., a traditional access point-based network), a different wireless network (e.g,
cellular), a wired network (e.g., Ethernet), or any other network that is
independent of the various WiFi Direct communication sessions.

[0013] In some examples, this out-of-band coordination may be coordinated
by a coordinator node. Participating WiFi Direct devices may generate reports
identifying their operational parameters and/or the operating parameters they
observe regarding neighboring WiFi Direct communication sessions,
neighboring regular WiFi connections, and /or other neighboring
communication sessions (regardless of protocol) which operate in frequency
bands close enough to pose interference issues to the device. These reports may

be sent to the coordinator node through the out-of-band network. The
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coordinator node may then use these reports to determine the optimal
configuration for all the participating devices. The participating devices are then
notified of the calculated optimal operating parameters over the out-of-band
network. The devices may then reconfigure themselves optimally based on the
calculated optimal operating parameters sent from the coordinator node to the
devices over the out-of-band network. The set of participating WiFi Direct
devices managed by a particular coordinator node may be called a WikFi Direct
group.

[0014] In some examples only the WiFi Direct devices serving as the Soft
AP need to send the reports and receive the configuration information as the Soft
AP may control the operational parameters and may signal any associated
devices that the operational parameters may change. In other examples, the
associated WiFi Direct devices may also have out-of-band connections and may
also send reports and/or receive operational parameters to and from the
coordinator node themselves. In yet other examples, the associated WiFi Direct
devices may scan the air interface and send reports to the Soft AP who may then
forward those reports to the coordinator node over the out-of-band network.
[0015] The coordinator node in some examples may be a server, an access
point, another WiFi Direct device (such as a WiFi Direct device serving as a Soft
AP), or the like. In examples in which the coordinator node is another WiFi
Direct device, the coordinator node may be elected as the coordinator node for a
particular area by the other devices. This election may be made based on an
evaluation of one or more selection criteria. Example selection criteria include
the number of devices that a particular node directly “sees,” a node’s
willingness to be a coordinator node (e.g., some devices may not have the
processing resources necessary and may wish not to be a coordinator node), the
node’s location permanence, or the like. Using the node’s location permanence
as a factor in determining which node is the coordinator node may help to ensure
stability of the coordinator node, thereby preventing frequent election

procedures.
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[0016] The various WiFi Direct devices may discover the coordinator node
in a variety of ways. For example, the coordinator node may broadcast its
presence over a Wili network (e.g., if the coordinator node is an Access Point it
may broadcast its presence to all devices within range of its signal), the out of

5  band network, another network, or the like. In other examples, devices may send
a discovery request across the out-of-band network, the WiFi network, or the
like, to which the coordinator node may reply.
[0017] The group of WiFi Direct devices managed by the coordinator node
may consist of those devices who wish to participate and those devices capable

10 of communicating with and/or discovering the identity of the coordinator node.
For example, if the coordinator node is a WiFi access point, those devices
wishing to participate and in range of the WiFi access point may be in the WiFi
Direct group. In other examples, those devices wishing to participate and in a
particular network subdivision (e.g.,in the same subnet, Local Area Network,

15  Wide Area Network, Cell Network, or the like) may be in the WiFi Direct group.
In other examples, if the coordinator node broadcasts a message to advertise its
coordination services, any WiFi Direct device which receives the broadcast
message may chose to join the group.

[0018] The coordinator node may receive operational information regarding

20 the device’s neighbors and the node itself from each device in the network. This
operation information may include the operating frequency, the transmit power,
Multiple Input, Multiple Output (MIMO) configurations, or the like. In some
examples, the coordinator node may build an interference matrix between the
known communication sessions, where organ Ri,j refers to the probability of

25  communication session i to be interfered by communication session j. The
matrix may not be symmetrical, so Ri,j # Rj,i. In addition the throughput data of
each communication session may be aggregated, and used later for estimating
the probability of collision. The throughput may be used when looking at the
overall impact of interference or collision, as the system may weigh in the

30  overall traffic as the higher the traffic level for either the aggressor or the

impacted device, the higher the probability of collisions and thus the higher
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impact on performance. Once this matrix is computed, an Automatic Frequency
Planning algorithm may calculate the optimal frequencies of the participating
communication sessions based on the interference matrix to find optimal
operating parameters for the participating communication sessions. This process
5 may be repeated as new logged data becomes available.
[0019] Turning now to FIG. 1, an example system 1000 with example
communication sessions 1010, 1020, 1030, and 1040 are shown.
Communication session 1010 includes a docking station with a display 1012
communicating over WiFi Direct with a notebook 1014. The notebook 1014 is
10 also wirelessly connected to an out-of-band network 1060 (manage-ability
network). Out-of-band manageability network 1060 may be any network
capable of connecting devices to the coordination node 1050 that is not the WiFi
Direct networks used in the communication sessions. Example out of band
manageability networks may be or include parts of local area networks (LAN), a
15  wide area networks (WAN), the Internet, a cellular network, a Bluetooth
network, an ad-hoc network, or the like. Devices may access this network in
many ways, including another wireless link (as shown in communication
sessions 1010, 1030, and 1040), a wired link (as shown in communication
session 1020) or the like. Communication session 1020 shows a docking station
20 1022 communicating over WiFi Direct with a notebook 1024. The notebook
1024 has a wired connection to the manageability network 1060.
Communication session 1030 includes mobile phones 1032, 1034, and 1036 and
a wireless link to the manageability network. Wireless links may include
cellular data connections over networks such as a Long Term Evolution (LTE)
25  wireless network, a Universal Mobile Telecommunications (UMTS) network, a
Bluetooth network, a Wi-Fi network (which is not the networks usd for the WiFi
Direct communications sessions) or the like. Communication session 1040 has a
notebook 1044 and a docking station 1042 with a wireless link to the
manageability network 1060. Mobile device 1070 is communicating with an
30  unknown device (not shown) and is not participating in the WiFi Direct

management group, and thus its operating parameters cannot be controlled,
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however, interference to, and interference from this device can still be
minimized by the coordinator node 1050, as other communication sessions may
report information on observed operational parameters of mobile device 1070.
[0020] Coordinator node 1050 is shown in FIG. 1 as a server, but in other
examples it could be a WiFi Direct node participating in a WiFi direct
communication session. In other examples, the coordinator node 1050 may be a
WiFi Access point providing access to other nodes (in some examples, providing
the manageability network 1060). While coordinator node 1050 is shown in
FIG.1 asbeing connected to the manageability network 1060 by a wired
connection, in other examples the coordinator node 1050 may be connected via a
wireless link.

[0021] Turning now to FIG. 2, a method 2000 of operating a coordination
node is shown. Atoperation 2010 the coordination node receives operational
parameter reports from a number of WiFi Direct devices. The WiFi Direct
devices may send the reports according to a predetermined time period (e.g., at a
certain time of the day), with a certain periodicity (e.g., every hour, half-hour, or
the like), or at a time chosen by the coordinator node and signaled to the WikFi
Direct devices (e.g., immediately, in five minutes, in ten minutes). In the
examples in which the time at which the reports are sent is chosen by the
coordinator node, the coordinator node may choose to schedule the WiFi Direct
devices. In some examples, the reports may be scheduled such that each
participating device sends their report at a different time, or in groups, so as to
avoid overloading the manageability network 1060 or the coordinator node 1050.
This may prevent overload of the coordinator node and/or the manageability
network.

[0022] Once the reports are received, each report may be associated with a
particular device or WiFi Direct communication session based on information
such as the frequency reported, other operating parameters, global positioning
information, the return address of the report, or the like at operation 2020.
Additionally, each measurement report may contain operational parameters of

other WiFi Direct communication sessions as observed from the sending WiFi

7



WO 2014/065893 PCT/US2013/045596

Direct node. For example, the notebook 1014 in FIG. 1 may send information
on observed frequencies, interference levels, or the like regarding the
communication session 1020, 1030, 1040, and/or 1070. These reports may also
be correlated to the particular WiFi Direct communication sessions based on the
5  frequency reported, or other operational parameters. A particular

communication session may be identified by its operational parameters (e.g.,
frequency) and/or its return address. Thus if communication session 1010 from
FIG. 1 identifies itself as operating in frequency X and communication session
1020 sends a report on operational parameters from a scanned neighbor

10 communication session that is operating on frequency X, the coordinator node
may correlate that measurement with communication session 1020. If the
neighboring communication session reported on has not previously identified
itself to the coordination node, it is possible that it will in the future or that it is
not participating in the coordination. Either way, the data on this neighboring

15 communication session may still be used to refine the operating parameters of
the communication sessions who are participating to avoid interference from the
non-participating neighbor.
[0023] At operation 2030, the data may be used to compute optimal
operational parameters. In some examples, the data may be stored in an

20  interference matrix and an automatic frequency planner may be used to
optimally compute the frequencies of the communication sessions based on the
interference matrix. Once the optimal operational parameters are computed, the
nodes may then be notified at operation 2040 of any new operational parameters
by the coordinator node through messages sent on the out-of-band manageability

25  network. These messages may be sent using any suitable protocol.
[0024] Fig. 3 shows a method 3000 of operating a WiFi Direct device
according to some examples. At operation 3010, the device may scan for, and
collect neighbor information. The neighbor information may include the
frequency the neighbor is operating, the interference generated by the neighbor,

30  orthe like. The neighbors may be participating in WiFi Direct communication

sessions of their own, may be communicating with a traditional access point



WO 2014/065893 PCT/US2013/045596

10

15

20

25

30

with a traditional WiFi communication session, or may be participating in some
other communication session utilizing some other connection protocol. At
operation 3020, the device may generate an operational report based on this
neighbor information and the operational parameters of the communication
session that the WiFi Direct device is currently associated with. At operation
3030 the operational report may be sent to the coordinator node through the out-
of-band manageability network. Once the coordinator node makes the
appropriate decisions coordinating the WiFi Direct devices, the coordinator node
may send new operational parameters to the WiFi Direct communication
sessions. At operation 3040, upon receipt of new operational parameters, the
WiFi Direct devices may change those operational parameters at operation 3050.
[0025] Turning now to FIG. 4, a schematic of a system 4000 according to
some examples is shown. System 4000 may include a coordinator node 4010
and one or more WIFI Direct devices 4070. In some examples, coordinator node
4010 may be coordinator node 1050 from FIG. 1. In some examples, WiFi
Direct device 4070 may be WiFi Direct device 1012, 1014, 1022, 1024, 1032,
1034, 1036, 1042, or 1044 from FIG. 1. In some examples the WIFI Direct
Device 4070 may serve as a coordinator node 4010. Coordinator node 4010 may
include an input module 4020. Input module 4020 may receive input over
manageability network 4060 from the various WIFI Direct Devices 4070 in the
form of operational parameter reports which report the operational parameters of
the WIFI Direct Device and in some examples, one or more neighbors that it is
able to detect. The Input module 4020 may then pass these reports onto the
control module 4040. Control module 4040 may associate the operational
reports and the neighbor reports with each particular node to which it applies and
store it in datastore 4050.

[0026] Upon collecting a sufficient amount of reports, expiration of a timer,
or some other suitable trigger, the control module 4040 may calculate a new set
of operational parameters for each node that it is associated with. The
coordinator node may be considered as “associated” with a particular node when

it receives an operational report from a particular node. The coordinator node
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may be aware of, and take into account, nodes which are not associated with the
coordinator node (e.g., neighbors reported by a device associated with the
coordinator node that are not associated with the coordinator node). This may
allow unassociated nodes to be considered in the operating parameter

5  optimization algorithms so as to optimize the associated nodes to avoid
interference from, and avoid interfering with the unassociated neighbors.
[0027] These new operational parameters may be sent to each associated
device by the output module 4030 over the manageability network. In some
examples, the new operational parameters may be stored in datastore 4050.

10 [0028] Manageability network 4060 is a different network than the network
which connects the WiFi Direct device 4070 and any other WiFi Direct devices
to which it is associated with in a WiFi Direct connection. In some examples,
the Manageability network 4060 may be a WiFi network (e.g., a traditional
access point or ad hoc network as opposed to a WiFi Direct network), a cellular

15  network, a wired network, or the like.

[0029] WiFi direct device 4070 may include input module A 4130 and
output module A 4100 which may send and receive communications over a WiFi
direct connection to other WiFi Direct Devices 4070 (input module A 4130 and
output module A 4100 may be collectively referred to as a WiFi direct module).

20 Input module B 4090 may receive operational parameters from the coordinator
node 4010, and output module B 4110 may send operational parameter reports to
the coordinator node through manageability network 4060. Neighbor module
4080 may scan for neighboring devices utilizing the WiFi Direct frequencies and
may determine the operational characteristics of those devices and a level of

25 interference those devices are causing to the operation of input and output
modules 4130 and 4100. These measurements may be used to create the
operational reports sent to the coordinator node 4010 which may be used by the
coordinator node to create the optimal operational parameters.

[0030] Control module 4120 coordinates the transmission and reception of

30  data through input and output modules 4090, 4100, 4110, and 4130. Control

module 4120 may include functionality for operating a Soft AP and may
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coordinate the gathering of the neighbor information and the generation of the
operational reports as well as the processing of any operational parameter
adjustments sent by the coordinator node 4010. In some examples in which a
WiFi Direct Device (e.g., such as a WiFi Direct Device 4070) serves as a
Coordinator Node 4010, the control module 4120 may participate and contain
logic for the selection of the coordinator node 4010 from the WiFi Direct
Devices. In examples in which the WiFi Direct Device 4070 also serves as the
coordinator node 4010, the functions described for the coordinator node 4010
may be performed by one or more of the modules described with respect to WikFi
Direct Device 4070 or additional modules. The WiFI Direct Device 4070 may
also contain one or more datastore(s) 4050 to store the various operational
parameters.

[0031] While the examples described herein primarily focused on WiFi
Direct nodes coordinating with a coordinator node, in other examples, devices
communicating using traditional (non WiFi Direct) WiFi communication
sessions, or communicating through other wireless protocols may participate in
the coordination as well by reporting their operating parameters and their
observations about neighboring devices. Additionally, while the examples above
discussed devices reporting information on other WiFi Direct neighbors, other
examples include the devices reporting observed parameters of any other device
which utilizes frequencies close to the useable frequencies of the reporting
device regardless of the protocol used (e.g., regular Access Point based Wik,
WiFi Direct, cellular, Bluetooth, cordless telephones, or the like).

MODULES, COMPONENTS AND LOGIC

[0032] Certain embodiments are described herein as including logic or a
number of components, modules, or mechanisms. Modules may constitute
either software modules (e.g., code embodied on a machine-readable medium or
in a transmission signal) or hardware modules. A hardware module is a tangible
unit capable of performing certain operations and may be configured or arranged
in a certain manner. In example embodiments, one or more computer systems

(e.g., a standalone, client or server computer system) or one or more hardware
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modules of a computer system (e.g., a processor or a group of processors) may
be configured by software (e.g., an application or application portion) as a
hardware module that operates to perform certain operations as described herein.
[0033] In various embodiments, a hardware module may be implemented
5  mechanically or electronically. For example, a hardware module may comprise

dedicated circuitry or logic that is permanently configured (e.g., as a special-
purpose processor, such as a field programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC)) to perform certain operations. A
hardware module may also comprise programmable logic or circuitry (e.g., as

10 encompassed within a general-purpose processor or other programmable
processor) that is temporarily configured by software to perform certain
operations. It will be appreciated that the decision to implement a hardware
module mechanically, in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by software) may be driven by

15  cost and time considerations.
[0034] Accordingly, the term "hardware module" should be understood to
encompass a tangible entity, be that an entity that is physically constructed,
permanently configured (e.g., hardwired) or temporarily configured (e.g.,
programmed) to operate in a certain manner and/or to perform certain operations

20  described herein. Considering embodiments in which hardware modules are
temporarily configured (e.g., programmed), each of the hardware modules need
not be configured or instantiated at any one instance in time. For example,
where the hardware modules comprise a general-purpose processor configured
using software, the general-purpose processor may be configured as respective

25  different hardware modules at different times. Software may accordingly
configure a processor, for example, to constitute a particular hardware module at
one instance of time and to constitute a different hardware module at a different
instance of time.
[0035] Hardware modules can provide information to, and receive

30  information from, other hardware modules. Accordingly, the described

hardware modules may be regarded as being communicatively coupled. Where
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multiple of such hardware modules exist contemporaneously, communications
may be achieved through signal transmission (e.g., over appropriate circuits and
buses) that connect the hardware modules. In embodiments in which multiple
hardware modules are configured or instantiated at different times,

5  communications between such hardware modules may be achieved, for example,
through the storage and retrieval of information in memory structures to which
the multiple hardware modules have access. For example, one hardware module
may perform an operation and store the output of that operation in a memory
device to which it is communicatively coupled. A further hardware module may

10 then, at a later time, access the memory device to retrieve and process the stored
output. Hardware modules may also initiate communications with input or
output devices, and can operate on a resource (e.g., a collection of information).
[0036] The various operations of example methods described herein may be
performed, at least partially, by one or more processors that are temporarily

15  configured (e.g., by software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors
may constitute processor-implemented modules that operate to perform one or
more operations or functions. The modules referred to herein may, in some
example embodiments, comprise processor-implemented modules.

20 [0037] Similarly, the methods described herein may be at least partially
processor-implemented. For example, at least some of the operations of a
method may be performed by one or processors or processor-implemented
modules. The performance of certain of the operations may be distributed
among the one or more processors, not only residing within a single machine,

25  butdeployed across a number of machines. In some example embodiments, the
processor or processors may be located in a single location (e.g., within a home
environment, an office environment or as a server farm), while in other
embodiments the processors may be distributed across a number of locations.
[0038] The one or more processors may also operate to support performance

30  of the relevant operations in a "cloud computing" environment or as a "software

as a service” (SaaS). For example, at least some of the operations may be
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performed by a group of computers (as examples of machines including
processors), with these operations being accessible via a network (e.g., the

Internet) and via one or more appropriate interfaces (e.g., APIs).

ELECTRONIC APPARATUS AND SYSTEM

[0039] Example embodiments may be implemented in digital electronic
circuitry, or in computer hardware, firmware, software, or in combinations of
them. Example embodiments may be implemented using a computer program
product, for example, a computer program tangibly embodied in an information
carrier, for example, in a machine-readable medium for execution by, or to
control the operation of, data processing apparatus, for example, a programmable
processor, a computer, or multiple computers.

[0040] A computer program can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in
any form, including as a stand-alone program or as a module, subroutine, or
other unit suitable for use in a computing environment. A computer program
can be deployed o be executed on one computer or on multiple computers at one
site or distributed across multiple sites and interconnected by a communication
network.

[0041] In example embodiments, operations may be performed by one or
more programmable processors executing a computer program to perform
functions by operating on input data and generating output. Method operations
can also be performed by, and apparatus of example embodiments may be
implemented as, special purpose logic circuitry (e.g., a FPGA or an ASIC).
[0042] The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-
server relationship to each other. In embodiments deploying a programmable
computing system, it will be appreciated that both hardware and software

architectures require consideration. Specifically, it will be appreciated that the
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choice of whether to implement certain functionality in permanently configured
hardware (e.g., an ASIC), in temporarily configured hardware (e.g., a
combination of software and a programmable processor), or a combination of
permanently and temporarily configured hardware may be a design choice.
Below are set out hardware (e.g., machine) and software architectures that may

be deployed, in various example embodiments.

EXAMPLE MACHINE ARCHITECTURE AND MACHINE-READABLE
MEDIUM

[0043] FIG. 5 is a block diagram of machine in the example form of a
computer system 5000 within which instructions, for causing the machine to
perform any one or more of the methodologies discussed herein, may be
executed. For example, the various WiFi Direct devices and/or the coordinator
node may be or contain one or more of the components described in FIG. 5. In
alternative embodiments, the machine operates as a standalone device or may be
connected (e.g., networked) to other machines. In a networked deployment, the
machine may operate in the capacity of a server or a client machine in server-
client network environment, or as a peer machine in a peer-to-peer (or
distributed) network environment. The machine may be a personal computer
(PC), a notebook PC, a docking station, a wireless access point, a tablet PC, a
set-top box (STB), a PDA, a cellular telephone, a web appliance, a network
router, switch or bridge, or any machine capable of executing instructions
(sequential or otherwise) that specify actions to be taken by that machine.
Further, while only a single machine is illustrated, the term “machine” shall also
be taken to include any collection of machines that individually or jointly
execute a set (or multiple sets) of instructions to perform any one or more of the
methodologies discussed herein. The machine may contain components not
shown in FIG. 5 or only a subset of the components shown in FIG. 5.

[0044] The example computer system 5000 includes a processor 5002 (e.g.,
a central processing unit (CPU), a graphics processing unit (GPU) or both), a

main memory 5004 and a static memory 5006, which communicate with each
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other via a bus 5008. The computer system 5000 may further include a video
display unit 5010 (e.g., a liquid crystal display (.LCD) or a cathode ray tube
(CRT)). The computer system 5000 also includes an alphanumeric input device
5012 (e.g., a keyboard), a user interface (UI) navigation device 5014 (e.g., a
mouse), a disk drive unit 5016, a signal generation device 5018 (e.g., a speaker)

and a network interface device 5020.

MACHINE-READABLE MEDIUM

[0045] The disk drive unit 5016 includes a machine-readable medium 5022
on which is stored one or more sets of instructions and data structures (e.g.,
software) 5024 embodying or used by any one or more of the methodologies or
functions described herein. The instructions 5024 may also reside, completely or
at least partially, within the main memory 5004, static memory 5006, and/or
within the processor 5002 during execution thereof by the computer system
5000, the main memory 5004 and the processor 5002 also constituting machine-
readable media.

[0046] While the machine-readable medium 5022 is shown in an example
embodiment to be a single medium, the term "machine-readable medium" may
include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more
instructions or data structures. The term "machine-readable medium" shall also
be taken to include any tangible medium that is capable of storing, encoding or
carrying instructions for execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present invention, or that is
capable of storing, encoding or carrying data structures used by or associated
with such instructions. The term "machine-readable medium" shall accordingly
be taken to include, but not be limited to, solid-state memories, and optical and
magnetic media. Specific examples of machine-readable media include non-
volatile memory, including by way of example, semiconductor memory devices
(e.g., Erasable Programmable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM)) and flash memory
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devices; magnetic disks such as internal hard disks and removable disks;

magneto-optical disks; and CD-ROM and DVD-ROM disks.

TRANSMISSION MEDIUM

[0047] The instructions 5024 may further be transmitted or received over a
communications network 5026 using a transmission medium. The instructions
5024 may be transmitted using the network interface device 5020 and any one of
a number of well-known transfer protocols (e.g., HI'TP). Examples of
communication networks include a LAN, a WAN, the Internet, mobile telephone
networks, Plain Old Telephone (POTS) networks, and wireless data networks
(e.g., WiFi and WiMax networks). The term "transmission medium" shall be
taken to include any intangible medium that is capable of storing, encoding or
carrying instructions for execution by the machine, and includes digital or analog
communications signals or other intangible media to facilitate communication of
such software. Network interface 5020 may wirelessly transmit data and may

include an antenna.

OTHER NOTES AND EXAMPLES

[0048] Example 1: A method comprising receiving at a coordinator node a
plurality of operational reports from a plurality of devices, each device engaging
in a WiFi Direct communication session, the operational reports identifying a
first communication parameter used for the WiFi Direct wireless communication
session and a second communication parameter observed of a neighboring
communication session; calculating one or more optimal communication
parameters for one or more of the plurality of devices using the first and second
communication parameters from the plurality of operational reports; and sending
to the one or more of the plurality of devices the calculated one or more optimal
communication parameters, wherein the plurality of operational reports are
received and the optimal communication parameters are sent over a network out-

of-band from the WiFi Direct communication sessions.
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[0049] Example 2: The method of example 1, wherein the plurality of
devices are connected to the coordinator node through a wired connection.
[0050] Example 3: The method of example 1, wherein the plurality of
devices are connected to the coordinator node through a wireless connection
separate from the WiFi Direct connection.

[0051] Example 4: The method of any one of examples 1-3, wherein
calculating the one or more optimal communication parameters comprises using
an interference matrix.

[0052] Example 5: The method of example 4, wherein calculating the one
or more optimal communication parameters comprises applying an automatic
frequency planner.

[0053] Example 6: The method of any one of examples 1-5, wherein the
communication parameter is a frequency, and the optimal communication
parameters are frequencies.

[0054] Example 7: A coordinator node comprising: an input module
configured to receive a plurality of operational reports from a plurality of
devices, each device engaging in a WiFi Direct communication session, the
operational reports identifying a first communication parameter used for the
WiFi Direct wireless communication session and a second communication
parameter observed of a neighboring communication session; a control module
operating on a computer processor and configured to calculate one or more
optimal communication parameters for one or more of the plurality of devices
using the first and second communication parameters from the plurality of
operational reports; and an output module configured to send to the one or more
of the plurality of devices the calculated one or more optimal communication
parameters, wherein the plurality of operational reports are received and the
optimal communication parameters are sent over a network out-of-band from the
WiFi Direct communication sessions.

[0055] Example 8: The coordinator node of example 7, wherein the plurality

of devices are connected to the coordinator node through a wired connection.
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[0056] Example 9: The coordinator node of example 7, wherein the plurality
of devices are connected to the coordinator node through a wireless connection
separate from the WiFi Direct connection.

[0057] Example 10: The coordinator node of any one of examples 7-9,
wherein calculating the one or more optimal communication parameters
comprises using an interference matrix.

[0058] Example 11: The coordinator node of example 10, wherein
calculating the one or more optimal communication parameters comprises
applying an automatic frequency planner.

[0059] Example 12: The coordinator node of any one of examples 7-11,
wherein the communication parameter is a frequency, and the optimal
communication parameters are frequencies.

[0060] Example 13: A machine-readable medium that stores instructions
which when performed by a machine, cause the machine to perform operations
comprising: receiving at a coordinator node a plurality of operational reports
from a plurality of devices, each device engaging in a WiFi Direct
communication session, the operational reports identifying a first communication
parameter used for the WiFi Direct wireless communication session and a
second communication parameter observed of a neighboring communication
session; calculating one or more optimal communication parameters for one or
more of the plurality of devices using the first and second communication
parameters from the plurality of operational reports; and sending to the one or
more of the plurality of devices the calculated one or more optimal
communication parameters, wherein the plurality of operational reports are
received and the optimal communication parameters are sent over a network out-
of-band from the WiFi Direct communication sessions.

[0061] Example 14: The machine-readable medium of example 13, wherein
the plurality of devices are connected to the coordinator node through a wired

connection.
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[0062] Example 15: The machine-readable medium of example 13, wherein
the plurality of devices are connected to the coordinator node through a wireless
connection separate from the WiFi Direct connection.

[0063] Example 16: The machine-readable medium of any one of examples
13-15, wherein calculating the one or more optimal communication parameters
comprises using an interference matrix.

[0064] Example 17: The machine-readable medium of example 16, wherein
calculating the one or more optimal communication parameters comprises
applying an automatic frequency planner.

[0065] Example 18: The machine-readable medium of any one of examples
13-17, wherein the communication parameter is a frequency, and the optimal
communication parameters are frequencies.

[0066] Example 19: A method comprising: at a computing device, initiating
a WiFi Direct communication session with another device; scanning for
neighboring WiFi Direct communication sessions; preparing an operational
report comprising operational parameters of the neighboring WiFi Direct
communication sessions and operational parameters of the WiFi Direct
communication session with the another device; sending the operational report
to a coordinator node; receiving an optimal communication parameter from the
coordinator node, the optimal communication parameters based on the
operational report; and modifying the WiFi Direct connection according to the
optimal communication parameter sent from the coordinator node, wherein the
operational report is sent, and the optimal communication parameter are received
over an out-of-band network connection.

[0067] Example 20: The method of example 19, wherein the optimal
communication parameter includes an optimal frequency.

[0068] Example 21. The method of any one of examples 19-20, wherein the
computing device is a notebook computer and the another device is a notebook
docking station.

[0069] Example 22: The method of any one of examples 19-21, wherein the

device is connected to the out-of-band network through a wired connection.
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[0070] Example 23: The method of any one of examples 19-21, wherein the

device is connected to the out-of-band network through a wireless connection.

[0071] Example 24: The method of any one of examples 19-23, comprising

executing a soft access point at the computing device to host the WiFi Direct

5  communication session.

[0072] Example 25: A computing device comprising: a WikFi Direct module

configured to initiate a WiFi Direct communication session with another device;
a neighbor module configured to scan for neighboring WiFi Direct

communication sessions; a control module configured to prepare an

10 operational report comprising operational parameters of the neighboring WiFi
Direct communication sessions and operational parameters of the WiFi Direct
communication session with the another device; an output module configured to
send the operational report to a coordinator node; an input module configured to
receive an optimal communication parameter from the coordinator node, the

15  optimal communication parameters based on the operational report; and wherein
the control module is further configured to modify the WiFi Direct connection
according to the optimal communication parameter sent from the coordinator
node, wherein the operational report is sent, and the optimal communication
parameter are received over an out-of-band network connection.

20 [0073] Example 26: The computing device of example 25, wherein the
optimal communication parameter includes an optimal frequency.

[0074] Example 27: The computing device of any one of examples 25-26,
wherein the computing device is a notebook computer and the another device is
a notebook docking station.

25 [0075] Example 28: The computing device of any one of examples 25-27,
wherein the device is connected to the out-of-band network through a wired
connection.

[0076] Example 29: The computing device of any one of examples 25-27,
wherein the device is connected to the out-of-band network through a wireless

30  connection.
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[0077] Example 30: The computing device of any one of examples 25-29,
wherein the WiFi Direct module is further configured to execute a soft access
point at the computing device to host the WiFi Direct communication session.
[0078] Example 31. A machine readable medium that stores instructions
which when performed by a machine, cause the machine to perform operations
comprising: at a computing device, initiating a WiFi Direct communication
session with another device; scanning for neighboring WiFi Direct
communication sessions; preparing an operational report comprising
operational parameters of the neighboring WiFi Direct communication sessions
and operational parameters of the WiFi Direct communication session with the
another device; sending the operational report to a coordinator node;

receiving an optimal communication parameter from the coordinator
node, the optimal communication parameters based on the operational report;
and modifying the WiFi Direct connection according to the optimal
communication parameter sent from the coordinator node, wherein the
operational report is sent, and the optimal communication parameter are received
over an out-of-band network connection.
[0079] Example 32: The machine-readable medium of example 31, wherein
the optimal communication parameter includes an optimal frequency.
[0080] Example 33: The machine-readable medium of any one of examples
31-32, wherein the computing device is a notebook computer and the another
device is a notebook docking station.
[0081] Example 34: The machine-readable medium of any one of examples
31-33, wherein the device is connected to the out-of-band network through a
wired connection.
[0082] Example 35: The machine-readable medium of any one of examples
31-33, wherein the device is connected to the out-of-band network through a
wireless connection.
[0083] Example 36: The machine-readable medium of any one of examples
31-35, comprising executing a soft access point at the computing device to host

the WiFi Direct communication session.
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[0084] Although the present invention has been described with reference to
specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
spirit and scope of the invention. Accordingly, the specification and drawings
are to be regarded in an illustrative rather than a restrictive sense.

[0085] Although an embodiment has been described with reference to
specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
spirit and scope of the invention. Accordingly, the specification and drawings
are to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of illustration, and
not of limitation, specific embodiments in which the subject matter may be
practiced. The embodiments illustrated are described in sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. Other
embodiments may be used and derived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
limiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

[0086] Such embodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this
application to any single invention or inventive concept if more than one is in
fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill

in the art upon reviewing the above description.
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[0087] In this document, the terms “a” or “an” are used, as is common in
patent documents, o include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the
term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In the
appended claims, the terms “including” and “in which” are used as the plain-
English equivalents of the respective terms “comprising” and “wherein.” Also,
in the following claims, the terms “including” and “comprising” are open-ended;
that is, a system, device, article, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall within the scope
of that claim. Moreover, in the following claims, the terms “first,” “second,”
and “third,” and so forth are used merely as labels, and are not intended to
impose numerical requirements on their objects.

[0088] The Abstract of the Disclosure is provided to comply with 37 C.F.R.
§1.72(b), requiring an abstract that will allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various
features are grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require more features than
are expressly recited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate

embodiment.
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WHAT IS CLAIMED IS:

1. A method comprising:

receiving at a coordinator node a plurality of operational reports from a
plurality of devices, each device engaging in a WiFi Direct communication
session, the operational reports identifying a first communication parameter used
for the WiFi Direct wireless communication session and a second
communication parameter observed of a neighboring communication session;

calculating one or more optimal communication parameters for one or
more of the plurality of devices using the first and second communication
parameters from the plurality of operational reports; and

sending to the one or more of the plurality of devices the calculated one
or more optimal communication parameters, wherein the plurality of operational
reports are received and the optimal communication parameters are sent over a

network out-of-band from the WiFi Direct communication sessions.

2. The method of claim 1, wherein the plurality of devices are connected to

the coordinator node through a wired connection.
3. The method of claim 1, wherein the plurality of devices are connected to
the coordinator node through a wireless connection separate from the WiFi

Direct connection.

4. The method of claim 1, wherein calculating the one or more optimal

communication parameters comprises using an interference matrix.

5. The method of claim 4, wherein calculating the one or more optimal

communication parameters comprises applying an automatic frequency planner.
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6. The method of claim 1, wherein the communication parameter is a

frequency, and the optimal communication parameters are frequencies.

7. A coordinator node comprising:

an input module configured to receive a plurality of operational reports
from a plurality of devices, each device engaging in a WiFi Direct
communication session, the operational reports identifying a first communication
parameter used for the WiFi Direct wireless communication session and a
second communication parameter observed of a neighboring communication
session;

a control module operating on a computer processor and configured to
calculate one or more optimal communication parameters for one or more of the
plurality of devices using the first and second communication parameters from
the plurality of operational reports; and

an output module configured to send to the one or more of the plurality
of devices the calculated one or more optimal communication parameters,
wherein the plurality of operational reports are received and the optimal
communication parameters are sent over a network out-of-band from the WiFi

Direct communication sessions.

8. The coordinator node of claim 7, wherein the plurality of devices are

connected to the coordinator node through a wired connection.
9. The coordinator node of claim 7, wherein the plurality of devices are
connected to the coordinator node through a wireless connection separate from

the WiFi Direct connection.

10. The coordinator node of claim 7, wherein calculating the one or more

optimal communication parameters comprises using an interference matrix.
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11. The coordinator node of claim 10, wherein calculating the one or more
optimal communication parameters comprises applying an automatic frequency

planner.

12. The coordinator node of claim 7, wherein the communication parameter

is a frequency, and the optimal communication parameters are frequencies.

13. A machine-readable medium that stores instructions which when
performed by a machine, cause the machine to perform operations comprising:

receiving at a coordinator node a plurality of operational reports from a
plurality of devices, each device engaging in a WiFi Direct communication
session, the operational reports identifying a first communication parameter used
for the WiFi Direct wireless communication session and a second
communication parameter observed of a neighboring communication session;

calculating one or more optimal communication parameters for one or
more of the plurality of devices using the first and second communication
parameters from the plurality of operational reports; and

sending to the one or more of the plurality of devices the calculated one
or more optimal communication parameters, wherein the plurality of operational
reports are received and the optimal communication parameters are sent over a

network out-of-band from the WiFi Direct communication sessions.

14. The machine-readable medium of claim 13, wherein the plurality of

devices are connected to the coordinator node through a wired connection.
15. The machine-readable medium of claim 13, wherein the plurality of

devices are connected to the coordinator node through a wireless connection

separate from the WiFi Direct connection.

27



WO 2014/065893 PCT/US2013/045596

16. The machine-readable medium of claim 13, wherein calculating the one
or more optimal communication parameters comprises using an interference

matrix.

17. The machine-readable medium of claim 16, wherein calculating the one
or more optimal communication parameters comprises applying an automatic

frequency planner.

18. The machine-readable medium of claim 13, wherein the communication
parameter is a frequency, and the optimal communication parameters are

frequencies.

19. A method comprising:

at a computing device, initiating a WiFi Direct communication session
with another device;

scanning for neighboring WiFi Direct communication sessions;

preparing an operational report comprising operational parameters of the
neighboring WiFi Direct communication sessions and operational parameters of
the WiFi Direct communication session with the another device;

sending the operational report to a coordinator node;

receiving an optimal communication parameter from the coordinator
node, the optimal communication parameters based on the operational report;
and

modifying the WiFi Direct connection according to the optimal
communication parameter sent from the coordinator node, wherein the
operational report is sent, and the optimal communication parameter are received

over an out-of-band network connection.

20. The method of claim 19, wherein the optimal communication parameter

includes an optimal frequency.
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21. The method of claim 19, wherein the computing device is a notebook

computer and the another device is a notebook docking station.

22. The method of claim 19, wherein the device is connected to the out-of-

band network through a wired connection.

23. The method of claim 19, wherein the device is connected to the out-of-

band network through a wireless connection.

24. The method of claim 19, comprising executing a soft access point at the

computing device to host the WiFi Direct communication session.

25. A computing device comprising:

a WiFi Direct module configured to initiate a WiFi Direct
communication session with another device;

a neighbor module configured to scan for neighboring WiFi Direct
communication sessions;

a control module configured to prepare an operational report comprising
operational parameters of the neighboring WiFi Direct communication sessions
and operational parameters of the WiFi Direct communication session with the
another device;

an output module configured to send the operational report to a
coordinator node;

an input module configured to receive an optimal communication
parameter from the coordinator node, the optimal communication parameters
based on the operational report; and

wherein the control module is further configured to modify the WiFi
Direct connection according to the optimal communication parameter sent from
the coordinator node, wherein the operational report is sent, and the optimal

communication parameter are received over an out-of-band network connection.
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26. The computing device of claim 25, wherein the optimal communication

parameter includes an optimal frequency.

27. The computing device of claim 25, wherein the computing device is a

notebook computer and the another device is a notebook docking station.

28. The computing device of claim 25, wherein the device is connected to the

out-of-band network through a wired connection.

29. The computing device of claim 25, wherein the device is connected to the

out-of-band network through a wireless connection.

30. The computing device of claim 25, wherein the WiFi Direct module is
further configured to execute a soft access point at the computing device to host

the WiFi Direct communication session.

31. A machine readable medium that stores instructions which when
performed by a machine, cause the machine to perform operations comprising:

at a computing device, initiating a WiFi Direct communication session
with another device;

scanning for neighboring WiFi Direct communication sessions;

preparing an operational report comprising operational parameters of the
neighboring WiFi Direct communication sessions and operational parameters of
the WiFi Direct communication session with the another device;

sending the operational report to a coordinator node;

receiving an optimal communication parameter from the coordinator
node, the optimal communication parameters based on the operational report;
and

modifying the WiFi Direct connection according to the optimal

communication parameter sent from the coordinator node, wherein the
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operational report is sent, and the optimal communication parameter are received

over an out-of-band network connection.

32 The machine-readable medium of claim 31, wherein the optimal

communication parameter includes an optimal frequency.

33. The machine-readable medium of claim 31, wherein the computing
device is a notebook computer and the another device is a notebook docking

station.

34, The machine-readable medium of claim 31, wherein the device is

connected to the out-of-band network through a wired connection.

35. The machine-readable medium of claim 31, wherein the device is

connected to the out-of-band network through a wireless connection.

36. The machine-readable medium of claim 31, comprising executing a soft
access point at the computing device to host the WiFi Direct communication

session.

37. A computing device comprising:

a WiFi Direct module configured to initiate a WiFi Direct
communication session with another device;

a neighbor module configured to scan for neighboring WiFi Direct
communication sessions;

a control module configured to prepare an operational report comprising
operational parameters of the neighboring WiFi Direct communication sessions
and operational parameters of the WiFi Direct communication session with the
another device;

an output module configured to send the operational report to a

coordinator node;
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an input module configured to receive an optimal communication
parameter from the coordinator node, the optimal communication parameters
based on the operational report;

a user interface navigation device configured to receive user input; and

wherein the control module is further configured to modify the WiFi
Direct connection according to the optimal communication parameter sent from
the coordinator node, wherein the operational report is sent, and the optimal

communication parameter are received over an out-of-band network connection.
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