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(57) ABSTRACT 

Approaches scheduling and allocation of communication 
bandwidth across a communication channel provide the 

opportunity for improved network utilization. According to 
one embodiment, a method of allocating communication 
bandwidth among a plurality of network devices scheduling 
and conducting communication activities within the com 
munication network in a communication network is pro 
vided. The method comprises the steps of: a ?rst network 
device determining allocations of other network devices 
operating in the communication network; the ?rst network 
device preempting a scheduled allocation of a second net 
work device; and the ?rst network device scheduling its 
communication activities on the communication network. 
Additionally, the ?rst network device can also determine 
whether a con?ict exists between its desired or required 
allocation and an allocation of the second network device. 
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DEFRAGMENTATION OF COMMUNICATION 
CHANNEL ALLOCATIONS 

CROSS REFERENCE To RELATED 
APPLICATIONS 

[0001] This application claims priority to the following 
U.S. patent provisional applications Ser. No. 60/715, 220, 
?led on Sep. 7, 2005; Ser. No. 60/675,296, ?led on Apr. 26, 
2005; Ser. No. 60/674,806, ?led on Apr. 25, 2005; and Ser. 
No. 60/673,836, ?led on Apr. 22, 2005, the disclosures of 
Which are herein incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to commu 
nication channels, and more particularly to a system and 
method for coordinating communications activities on a 
communications channel. 

BACKGROUND OF THE INVENTION 

[0003] With the many continued advancements in com 
munications technology, more and more devices are being 
introduced in both the consumer and commercial sectors 
With advanced communications capabilities. Additionally, 
advances in processing poWer and loW-poWer consumption 
technologies, as Well as advances in data coding techniques 
have led to the proliferation of Wired and Wireless commu 
nications capabilities on a more Widespread basis. 

[0004] For example, communication netWorks, both Wired 
and Wireless, are noW commonplace in many home and 
o?ice environments. Such netWorks alloW various hereto 
fore independent devices to share data and other information 
to enhance productivity or simply to improve their conve 
nience to the user. One such communication netWork that is 
gaining Widespread popularity is an exemplary implemen 
tation of a Wireless netWork such as that speci?ed by the 
WiMedia-MBOA (Multiband OFDM Alliance). Other 
exemplary netWorks include the Bluetooth® communica 
tions netWork and various IEEE standards-based netWorks 
such as 802.11 and 802.16 communications netWorks, to 
name a feW. 

[0005] Architects of these and other netWorks, and indeed 
communications channels in general, have long struggled 
With the challenge of managing multiple communications 
across a limited channel. For example, in some environ 
ments, more than one device may share a common carrier 
channel and thus run the risk of encountering a communi 
cation con?ict betWeen the one or more devices on the 
channel. 

[0006] Over the years, netWork architects have come up 
With various solutions to arbitrate disputes or otherWise 
delegate bandWidth among the various communicating 
devices, or clients, on the netWork. Schemes used in Well 
knoWn netWork con?gurations such as token rings, Ethernet, 
and other con?gurations have been developed to alloW 
sharing of the available bandWidth. In addition to these 
schemes, other techniques have been employed, including 
for example CDMA (code division multiple access) and 
TDMA (time division multiple access) for cellular netWorks. 

[0007] FDM (Frequency Division Multiplexing) is 
another technology that enables multiple devices to transmit 
their signals simultaneously over a communication channel 
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in a Wired or Wireless setting. The devices’ respective 
signals travel Within their designated frequency band (car 
rier), onto Which the data (text, voice, video, or other data.) 
is modulated. With adequate separation in frequency band 
spacing, multiple devices can simultaneously communicate 
across the same communication channel (network or point 
to-point). 

[0008] Orthogonal FDM (OFDM) spread spectrum sys 
tems distribute the data over a plurality of carriers that are 
spaced apart at precise frequencies. The spacing is chosen so 
as to provide orthogonality among the carriers. Thus, a 
receiver’s demodulator recovers the modulated data With 
little interference from the other carrier signals. The bene?ts 
of OFDM are high spectral e?iciency, resiliency to RF 
interference, and loWer multi-path distortion or inter symbol 
interference (ISI). OFDM systems can be combined With 
other techniques (such as time-division multiplexing) to 
alloW sharing of the individual carriers by multiple devices 
as Well, thus adding another dimension of multiplexing 
capability. 

[0009] HoWever, even With various multiplexing schemes 
available to netWork and other communication channel 
designers, there can still be ine?iciencies in bandWidth 
allocation due to factors such as fragmentation. Fragmenta 
tion can occur, for example, Where short durations of net 
Work bandWidth are separated by unavailable netWork time 
slots, making it di?icult for a communication process to 
properly allocate its communication packets in an e?icient 
manner. As users come and go, the unoccupied slots Within 
a communication WindoW can easily get fragmented to the 
point that a user may not be able to ?nd the required or the 
optimal con?guration of the slots (Whether they desire 
contiguous or uniformly distributed slots, or otherWise) to 
meet their needs. 

BRIEF SUMMARY OF THE INVENTION 

[0010] According to one embodiment, a method of allo 
cating communication bandWidth among a plurality of net 
Work devices scheduling and conducting communication 
activities Within the communication netWork in a commu 
nication netWork is provided. The method comprises the 
steps of: a ?rst netWork device determining allocations of 
other netWork devices operating in the communication net 
Work; the ?rst netWork device preempting a scheduled 
allocation of a second netWork device; and the ?rst netWork 
device scheduling its communication activities on the com 
munication netWork. Additionally, the ?rst netWork device 
can also determine Whether a con?ict exists betWeen its 
desired or required allocation and an allocation of the second 
netWork device. 

[0011] The preempting operation can be performed in a 
number of different Ways. For example, in one embodiment, 
preemption comprises the step of adjusting a threshold to 
provide increased bandWidth availability to the ?rst netWork 
device. In another embodiment, the step of preempting 
comprises the steps of the ?rst netWork device informing the 
second netWork device of the preemption and of its sched 
uling requirement; and the second netWork device reallo 
cating its bandWidth in a manner that does not con?ict With 
the ?rst netWork device. In a further embodiment, the step of 
preempting comprises the steps of the ?rst netWork device 
informing the second netWork device of its scheduling 
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requirement, and the second network device determining 
Whether its oWn scheduling requirement is in con?ict With 
the ?rst netWork device. In this embodiment, the second 
netWork device can reallocate its bandwidth in a manner that 
does not con?ict With the ?rst netWork device. 

[0012] Additionally, preemption in accordance With an 
embodiment of the invention can result in the second 
netWork device reallocating some or all of its scheduled 
bandWidth to a different communication WindoW or channel. 
It can also comprise the steps of determining a relative 
priority of the netWork devices and further determining 
Whether a given netWork device can preempt another net 
Work device based on the relative priority. Further, the 
scheduled allocations of a netWork device can comprise one 
or more netWork time or channel slots. 

[0013] In accordance With another embodiment of the 
invention, the above described features and functionality can 
be performed using control logic disposed in a netWork 
device con?gured to operate Within a communication net 
Work, the netWork device can further include a housing and 
a transmitter and receiver Within the housing; netWork 
device, and Wherein the other netWork device is con?gured 
to determine Whether its oWn scheduling requirement is in 
con?ict With the ?rst netWork device. 

[0014] In yet another embodiment of the invention, an 
executable program product including a body of program 
code executable by a processor is provided to perform the 
described features and functions of the invention. Thus, in 
one embodiment, the program code causes the processor to 
dynamically allocate the bandWidth utiliZation of a ?rst 
netWork device in accordance With the various features 
described therein. 

[0015] Further features and advantages of the present 
invention, as Well as the structure and operation of various 
embodiments of the present invention, are described in 
detail beloW With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention, in accordance With one or 
more various embodiments, is described in detail With 
reference to the folloWing ?gures. The draWings are pro 
vided for purposes of illustration only and merely depict 
typical or example embodiments of the invention. These 
draWings are provided to facilitate the reader’s understand 
ing of the invention and shall not be considered limiting of 
the breadth, scope, or applicability of the invention. It should 
be noted that for clarity and ease of illustration these 
draWings are not necessarily made to scale. 

[0017] FIG. 1 is a block diagram illustrating one possible 
con?guration of a Wireless netWork that can serve as an 

example environment in Which the present invention can be 
implemented. 

[0018] FIG. 2 is a diagram illustrating one possible con 
?guration of a communication WindoW that can serve as an 
example environment in Which the present invention can be 
implemented. 

[0019] FIG. 3 is an operational ?oW diagram illustrating 
one method for dynamic allocation in accordance With one 
embodiment of the invention. 
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[0020] FIG. 4 is diagram illustrating an example alloca 
tion of communication activities in an example communi 
cation WindoW. 

[0021] FIG. 5 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0022] FIG. 6 is an operational ?oW diagram illustrating 
one method for bandWidth allocation in accordance With one 
embodiment of the invention. 

[0023] FIG. 7 is an operational ?oW diagram illustrating 
one method for bandWidth allocation in accordance With one 
embodiment of the invention. 

[0024] FIG. 8 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0025] FIG. 9 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0026] FIG. 10 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0027] FIG. 11 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0028] FIG. 12 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0029] FIG. 13 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0030] FIG. 14 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0031] FIG. 15 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

[0032] FIG. 16 is diagram illustrating another example 
allocation of communication activities in an example com 
munication WindoW. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The present invention is directed toWard a system 
and method for providing defragmentation of communica 
tion channel allocations. The communication channel can be 
that of a communication netWork or other communication 
channel. One example communication channel is a Wireless 
netWork. An exemplary implementation of a Wireless net 
Work is a netWork as speci?ed by the WiMedia-MBOA 
(Multiband OFDM Alliance), although the invention can be 
implemented With other netWorks and communication chan 
nels as Well. 

[0034] Before describing the invention in detail, it is 
useful to describe an example environment in Which the 
invention can be implemented. One such example is a 
Wireless beaconing netWork in Which multiple electronic 
devices (for example, computers and computing devices, 
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cellular telephones, personal digital assistants, motion and 
still cameras, among others) can communicate and share 
data, content and other information With one another. One 
example of such a netWork is that speci?ed by the WiMedia 
standard (Within WiMedia and Multi-Band OFDM Alli 
ance). From time-to-time, the present invention is described 
herein in terms of a distributed netWork or in terms of the 
WiMedia standard. Description in terms of these environ 
ments is provided to alloW the various features and embodi 
ments of the invention to be portrayed in the context of an 
exemplary application. After reading this description, it Will 
become apparent to one of ordinary skill in the art hoW the 
invention can be implemented in different and alternative 
environments. Indeed, applicability of the invention is not 
limited to a distributed Wireless netWork, nor is it limited to 
the MB-UWB standard described as one implementation of 
the example environment. 

[0035] Most netWork standards specify policies or rules 
that govern the behavior of netWork connected devices. The 
WiMedia standard speci?es the mechanism and policies that 
are to be folloWed by W-USB and WiNet compliant devices 
in order to alloW for an ad hoc and distributed netWork of 
such devices to operate ef?ciently. Policies, requirements, 
protocols, rules, guidelines or other factors used to incen 
tiviZe, recommend, specify, govern, control or manage the 
behavior of devices operating in a communication netWork 
are generally referred to herein as utiliZation policies. 

[0036] In most distributed networks, the netWork of the 
devices is maintained by requiring all devices to announce 
parameters such as their presence, their capabilities and their 
intentions for reserving transmission slots and so on. For 
example, With the WiMedia standard, this can be done 
during What are referred to as beacon period time slots. 
According to this standard, devices joining the netWork are 
expected to monitor the beacon period to learn about the 
netWork status and parameters before attempting to use the 
netWork. In other netWork con?gurations, beacon periods 
are similarly used to alloW management of netWork devices 
as described more fully beloW. Thus, beacon periods are one 
form of WindoW or netWork period during Which scheduling 
or other housekeeping activities can be conducted. Beacon 
periods in the above-referenced standard, and other time 
periods used for scheduling or other housekeeping chores in 
other netWork con?gurations, are generally referred to as 
scheduling WindoWs. 

[0037] Devices are typically alloWed to enter a poWer save 
mode to conserve poWer and possibly prolong operation. For 
example, battery operated devices may enter a sleep mode or 
even a deep-sleep mode, Wherein one or more of their 
functions are diminished or shut doWn in order to conserve 

poWer. Depending on the environment, devices may be 
alloWed to enter into a sleep mode for short or long periods 
of time. For example, a sleep mode can be an energy-saving 
mode of operation in Which some or all components are shut 
doWn or their operation limited. Many battery-operated 
devices, such as notebook computers, cell phones, and other 
portable electronic devices support one or more levels of a 
sleep mode. For example, When a notebook computer goes 
into one level of sleep mode, it may turn off the hard drive 
and still alloW the user to perform operations, only poWering 
up the hard drive When access is needed. In a deeper level 
of sleep, the computer may further turn off the display. In yet 
a further level of sleep, the computer may enter a hibernate 
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state. LikeWise, other electronic devices communicating 
across a communication channel may have similar sleep 
states and may poWer doWn unnecessary or unused compo 
nents, including an RF transceiver, depending on a number 
of factors such as elapsed time, activities and so on. As 
described beloW, in accordance With one embodiment, 
devices may be prompted to enter a sleep mode upon 
completion of scheduling or other housekeeping activities 
and be con?gured to aWaken for scheduled activities such as, 
for example, communication activities. 

[0038] FIG. 1 is a block diagram illustrating one possible 
con?guration of a Wireless netWork that can serve as an 

example environment in Which the present invention can be 
implemented. Referring noW to FIG. 1, a Wireless netWork 
1020 is provided to alloW a plurality of electronic devices to 
communicate With one another Without the need for Wires or 
cables betWeen the devices. A Wireless netWork 1020 can 
vary in coverage area depending on a number of factors or 
parameters including, for example, the transmit poWer levels 
and receive sensitivities of the various electronic devices 
associated With the netWork. Examples of Wireless netWorks 
can include the various IEEE and other standards as 
described above, as Well as other Wireless netWork imple 
mentations. 

[0039] With many applications, the Wireless netWork 1020 
operates in a relatively con?ned area, such as, for example, 
a home or an of?ce. The example illustrated in FIG. 1 is an 
example of an implementation such as that Which may be 
found in a home or small of?ce environment. Of course 
Wireless communication netWorks and communication net 
Works in general are found in many environments outside 
the home and of?ce as Well. In the example illustrated in 
FIG. 1, Wireless netWork 1020 includes a communication 
device to alloW it to communicate With external netWorks. 
More particularly, in the illustrated example, Wireless net 
Work 1020 includes a modem 1040 to provide connectivity 
to an external netWork such as the Internet 1046, and a 
Wireless access point 1042 that can provide external con 
nectivity to another netWork 1044. 

[0040] Also illustrated in the example Wireless netWork 
1020 are portable electronic devices such as a cellular 
telephone 1010 and a personal digital assistant (PDA) 1012. 
Like the other electronic devices illustrated in FIG. 1, 
cellular telephone 1010 and PDA 1012 can communicate 
With Wireless netWork 1020 via the appropriate Wireless 
interface. Additionally, these devices may be con?gured to 
further communicate With an external netWork. For example, 
cellular telephone 1010 is typically con?gured to commu 
nicate With a Wide area Wireless netWork by Way of a base 
station. 

[0041] Additionally, the example environment illustrated 
in FIG. 1 also includes examples of home entertainment 
devices connected to Wireless netWork 1020. In the illus 
trated example, electronic devices such as a gaming console 
1052, a video player 1054, a digital camera/camcorder 1056, 
and a high de?nition television 1058 are illustrated as being 
interconnected via Wireless netWork 1020. For example, a 
digital camera or camcorder 1056 can be utiliZed by a user 
to capture one or more still picture or motion video images. 
The captured images can be stored in a local memory or 
storage device associated With digital camera or camcorder 
1056 and ultimately communicated to another electronic 
























