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METHOD AND APPARATUS FOR CHANNEL
ALLOCATION IN A WIRELESS LOCAL AREA
NETWORK (WLAN)

[0001] This patent is claiming priority under 35 USC §
119(e) and §120 to: co-pending patent application entitled
“METHOD AND APPARATUS FOR A MULTIMEDIA
SYSTEM?” having a Ser. No. 09/864,524, and a filing date of
May 24, 2001, such co-pending patent application is hereby
incorporated by reference; and provisional patent applica-
tion having the same title as the present patent application,
having a serial number of 60/437,364, and a filing date of
Dec. 31, 2002.

BACKGROUND OF THE INVENTION

[0002] Communication systems are known to convey data
from one entity to another. The data may be audio data,
video data and/or text data. In such communication systems,
the one or more transmission mediums (e.g., radio frequen-
cies, coaxial cable, twisted pair copper wire, fiber optic
cabling, et cetera) transmit data in accordance with one or
more data transmission protocols. The distance over which
the data traverses within a communication system may be
inches, feet, miles, tens of miles, hundreds of miles, thou-
sands of miles, et cetera.

[0003] As is also known, networked communication sys-
tems have two basic configurations: wide area networks
(WANS) and local area networks (LANs). In addition, WAN
and/or LAN communication systems may use a variety of
transmission types including broadcast transmissions, asym-
metrical transmissions, and symmetrical transmissions. In a
broadcast communication system, a network hub transmits
data to a plurality of users with little or no data being
transmitted from the users to the network hub. Examples of
broadcast communication systems include radio systems,
NTSC (national television standards committee) television
systems (e.g., regular TV), high definition television sys-
tems, cable systems, and satellite systems. In each of these
broadcast communication systems, a network hub (e.g.,
radio station, television station, et cetera) transmits a broad-
cast signal. Any user within range of the broadcast signal
and who has an appropriate receiver (e.g., radio, television,
et cetera) can receive the broadcast signal. Such broadcast
systems employ a particular data transmission protocol such
as amplitude modulation, frequency modulation, et cetera.

[0004] Asymmetrical communication systems transmit
more data in one direction than in another (i.e., one entity
transmits to other entities more than it receives data from
each of the other entities). An example of an asymmetrical
communication system is the Internet, where web servers
transmit substantially more data than they receive from any
one user. The Internet uses TCP/IP as its data transmission
protocol, while a variety of physical layer data transmission
protocols may be used to access the Internet. Such physical
layer data transmission protocols include asynchronous
transfer mode (ATM), frame relay, integrated services digital
network (ISDN), digital subscriber loop (DSL) and all
derivatives thereof, and multiple packet label switching
(MPLS). Such asymmetrical communication systems may
be wide area networks (e.g., the Internet), or local area
networks (e.g., local server based system).

[0005] Symmetrical communication systems include a
plurality of users where the data flow between any of the

Jul. 1, 2004

users could be equal. Examples of symmetrical communi-
cation systems include public switch telephone network
(PSTN), local computer networks, cellular telephone sys-
tems, intercom systems, private branch exchanges (PBX), et
cetera. Such symmetrical communication systems use at
least one data transmission protocol. For example, a com-
puter network may utilize any one of the Ethernet standards.

[0006] In any type of communication system, a user must
have the appropriate receiving and possibly transmitting
equipment to independently access the communication sys-
tem. For example, a user of a satellite television system must
have a satellite receiver and a television to receive satellite
broadcast. If another television is to independently access
the satellite broadcast, it needs its own satellite receiver. The
same is true for NTSC broadcast, cable broadcast, et cetera,
although currently most televisions include an NTSC tuner
and/or some form of cable tuner.

[0007] The number of households having multiple televi-
sion sets is continually increasing, and many users want to
have the latest and greatest video viewing services. As such,
many households have multiple satellite receivers, cable
set-top boxes, modems, et cetera. As is further known,
dependent multiple access to satellite broadcasts may be
achieved by linking slave televisions to a master television.
The master television has full control of, and independent
access to, the satellite receiver, while the slave televisions
receive whatever channel has been selected by the master.

[0008] Similarly, for in-home Internet access, each com-
puter or Internet device can have its own Internet connec-
tion. As such, each computer or Internet device includes a
modem. As an alternative to each computer having its own
modem, an in-home local area network may be used to
provide Internet access. In such an in-home local area
network, each computer or Internet device includes a net-
work card to access a server. The server provides the
coupling to the Internet.

[0009] As is further known, in-home local area networks
use one or more of telephone lines, radio frequencies, power
lines, wireless and/or infrared connections as the commu-
nication medium. Such in-home local area networks are
typically used to facilitate in-home computer networks that
couple a plurality of computers with one or more peripher-
als. As such, entertainment type data transmissions (e.g.,
from VCRs, DVDs, et cetera) are not typically supported by
the in-home local area network.

[0010] In particular, wireless communication systems are
becoming increasingly commonplace in public and private
use. Wireless communication systems can include numerous
wireless communication devices. The wireless communica-
tion devices include, but are not limited to, radios, cellular
telephones, stations coupled to personal computers, laptops,
personal digital assistants, et cetera, that communicate
amongst one another via wireless communication channels
administered by wireless infrastructure devices. Such wire-
less infrastructure devices can include base stations (e.g., for
cellular wireless communication systems), access points
(e.g., for wireless local area networks), and system control-
lers. The wireless infrastructure devices operate in accor-
dance with one or more communication standards. For
instance, wireless communication systems may operate in
accordance with one or more standards including, but not
limited to, IEEE 802.11, Bluetooth, advance mobile phone

26



US 2004/0125779 Al

service (AMPS), digital AMPS, global system for mobile
communication (GSM), code division multiple access
(CDMA), local multi-point distribution systems (LMDS),
multi-channel-multi-point distribution systems (MMDS),
and/or variations thereof. A single wireless base station or
access point can transmit simultaneously to multiple wire-
less communication devices (client devices).

[0011] Depending on the type of wireless communication
system, a wireless communication device communicates
directly or indirectly with other wireless communication
devices. For direct communications (also known as point-
to-point communications), the participating wireless com-
munication devices tune their receivers and transmitters to
the same channel or multiple channels (e.g., one or more of
the plurality of radio frequency (RF) carriers utilized by the
wireless communication system) and communicate over that
channel or channels. For indirect wireless communications,
each wireless communication device communicates directly
with an associated base station (e.g., for cellular services)
and/or an associated access point (e.g., for an in-home or
in-building, wireless network) via an assigned channel, or
channels. To complete a communication connection
between wireless communication devices, the associated
base stations and/or associated access points communicate
with each other directly, via a system controller, the public
swilch telephone network, the internet, and/or some other
wide area network known to those skilled in the art. Wireless
devices can also communicate directly with one another.

[0012] For each wireless communication device to par-
ticipate in wireless communications, the device includes a
built-in radio transceiver (i.e., receiver and transmitter) or is
coupled to an associated radio transceiver (e.g., a station for
in-home and/or in-building wireless communication net-
works, RF modem, etc.) Receivers receive RF signals,
demodulate the RF carrier frequency from the RF signals to
produce baseband signals, and demodulate the baseband
signals in accordance with a particular wireless communi-
cation standard to recapture the transmittal data. A radio
receiver may include a low noise amplifier, one or more
intermediate frequency states, filters and a receiver baseband
processor. The low noise amplifier amplifies radio frequency
(RF) signals received via an antenna and provides the
amplified RF signals to the one or more intermediate fre-
quency stages. The one or more intermediate frequency
stages mixes the amplified RF signal with one or more local
oscillations to produce a receive baseband signal. The
receiver baseband processor, in accordance with a particular
wireless communication standard, decodes and/or demodu-
lates the baseband signals to recapture data therefrom.

[0013] Asis also known, the transmitter converts data into
RF signals by modulating the data to produce baseband
signals and mixing the baseband signals with an RF carrier.
The radio transmitter includes a baseband processor, one or
more intermediate frequency stages, filters, and a power
amplifier coupled to an antenna. The baseband processor
encodes and/or modulates, in accordance with a wireless
communication standard such as IEEE 802.11a, IEEE
802.11b, Bluetooth, Global System for Mobile communica-
tions (GSM), Advanced Mobile Phone Service (AMPS), et
cetera, to produce baseband signals. The baseband processor
produces an outbound baseband signal at a given processing
rate. Typically, the processing rate of the transmitting base-
band processor is synchronized with the transmitting local
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oscillation or oscillations and is a fraction of the local
oscillation, or oscillations. The one or more intermediate
frequency stages mix the baseband signals with one or more
local oscillations to produce a radio frequency signal. The
filter filters the radio frequency signal to remove unwanted
frequency components and the power amplifier amplifies the
filtered radio frequency signal prior to transmission via the
antenna.

[0014] However, wireless transmission systems can suffer
from signal degradation and possible data corruption when
simultaneously transmitting to multiple devices along chan-
nels whose resources are not allocated based on the number
and needs of the client devices sharing the one or more
wireless channels. For example, a wireless communication
system’s resources can be allocated differently based on the
degree of channel usage and the type of wireless client being
served, to maximize the quality of service delivered to each
client. Further, usage and client type can vary over time. For
example, a wireless communication system may at one point
in time have a single client device requesting channel
resources. Channel allocation in this case is relatively
simple—the single client can be granted all available chan-
nel resources. However, if a second client comes on line at
a later time, channel resources must be reallocated to pro-
vide a sufficient quality of service to both clients, based on
the possibly dillering needs of each. Further, the needs of
each client could change over time, with one client or the
other requesting more or less channel resources. Further
still, each client could have differing minimum levels of
channel resources necessary to operate properly.

[0015] Currently existing wireless communication chan-
nel allocation systems do not provide for distributing client
devices among multiple separate channels to take into
account the time-changing needs of client devices and
channel resources. For example, it may become necessary to
drop service to one or more client devices in order to
maintain service to a higher priority client device. Such
client priority may be desired by a user or a system admin-
istrator. Alternatively, it may be desirable to set minimum
service levels for all clients and to allocate channel resources
on an equal basis, or on a weighted equal basis. Further, it
may be desirable to reserve channel resources for certain
client devices, or to allocate channel resources based on an
arbitrary criteria such that differing quality of service is
delivered to each client device based on a preset priority
scheme. It is thus desirable to have the ability to provide a
fair allocation of channel resources to all client devices so as
to be able to provide a client as close as possible to its
desired needs. Currently existing wireless communication
channel allocation systems and methods, do not provide this
functionality of distributing client devices among multiple
separate channels.

[0016] Therefore, a need exists for a method and apparatus
for channel allocation in a wireless communication system
that can reduce or eliminate the problems associated with the
prior art. The solution for this need may further overcome
the above-mentioned issues to offer additional wireless
communication services within a wireless local area net-
work.

BRIEF SUMMARY OF THE INVENTION

[0017] The present invention provides a system and
method for allocating channels in a wireless local area
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network (WLAN) among a plurality of clients. The method
involves first assigning at least one client of the plurality of
clients to a channel of a set of active channels. Next, for each
client the access time is determined based on an access time
factor. Assigning individual clients to channels further
involves determining available channel capacity of the set of
active channels and the desired channel consumption of the
multiple clients. When the available channel capacity is
equal to or greater than the desired channel consumption,
multiple clients may be assigned to multiple channels.
However, when the available channel capacity is less than
the desired channel consumption, the desired channel con-
sumption of the multiple clients is scaled to produce a scaled
channel consumption wherein multiple clients are assigned
to channels based on the available channel capacity of each
of the set of channels and the scaled channel consumption.

[0018] Scaling the desired channel consumption is
achieved by one of the following methods: (1) Scaling the
desired channel consumption based on a linear scaling
function of a ratio between the available channel capacity
and the desired channel consumption; (2) scaling the desired
channel consumption based on default scaling parameters;
or (3) Scaling the desired channel consumption based on a
consumption prioritization scheme.

[0019] Assigning client(s) may further include determin-
ing the desired channel consumption of the client, the
available channel capacity for each of the set of active
channels, whether one of the set of active channels has the
available channel capacity equal to or greater than the
desired channel consumption, and, when one of the active
channels has the available channel capacity equal to or
greater than the desired channel consumption, assigning the
client to the active channel. However, if none of the active
channels has the available channel capacity equal to or
greater than the desired channel consumption, the channel
having the most available channel capacity is determined
and the client is assigned to that channel. Alternatively, the
clients desired channel consumption may be adjusted based
on the available access time. A client’s access time may
further be determined by allocating access time for existing
clients on the channel having the most available channel.

[0020] Alternatively, the present invention may, when
none of the active channels has the available channel capac-
ity equal to or greater than the desired channel consumption,
determine a channel that can support existing clients and
implement a reduction in the quality of service of the
existing clients and new client(s). The present invention may
also scale client(s) consumption or reassign client(s) to
channels in this instance. Unequal access time may be
assigned based on each client(s) desired channel consump-
tion, desired quality of service, or required power or air time
consumption.

[0021] In another embodiment, the present invention pro-
vides a system and method for prioritizing channel alloca-
tion in a wireless local area network (WLAN) amongst
client(s). This involves first determining client requirements,
the channel capacity of active channels within the WLAN
with respect to the clients, and an allocation factor for the
clients based on the client data requirements and the channel
capacity of the clients. An active channel and access time are
then assigned to the client(s) based on prioritization of the
allocation factor. The client requirements may be deter-
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mined by receiving inputs or requests from the client(s)
regarding their requirements and/or retrieving default sys-
tem administration settings for the client requirements.

[0022] The active channels may be assigned based on a
modulo pairing of the client(s) with one another. Assigning
an active channel involves determining the duty cycle con-
sumption of a time slot for client(s) based on the allocation
factor, wherein an access controlled time period of the active
channels is divided into time slots and the time slot is
assigned to client(s) based on the duty cycle consumption.
The packet size for transmission to client(s) is established
during the time slot and based on the duty cycle consump-
tion. The number of bytes within a packet to another client
may be scaled such that packet rate to the client(s) is similar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates a schematic block diagram of a
multimedia system in accordance with the present invention;

[0024] FIG. 2 illustrates a schematic block diagram of
another multimedia communication system in accordance
with the present invention;

[0025] FIG. 3 illustrates a schematic block diagram of a
further multimedia communication system in accordance
with the present invention;

[0026] FIG. 4 illustrates a schematic block diagram of yet
another multimedia communication system in accordance
with the present invention;

[0027] FIG. 5 illustrates a schematic block diagram of a
still further multimedia communication system in accor-
dance with the present invention;

[0028] FIG. 6 illustrates a schematic block diagram of a
multimedia server and client modules of the multimedia
communication system illustrated in FIG. 1;

[0029] FIG. 7 illustrates a schematic block diagram of a
multimedia server and client modules of the multimedia
communication system of FIG. 1;

[0030] FIGS. 8A, 8B and 8C depict various schemes for
distributing data while sharing channels within the present
invention;

[0031] FIG. 9 shows an overview of one transmitted
signal format utilized within the present invention;

[0032] FIG. 10 illustrates a schematic block diagram of a
multimedia server and client modules of the multimedia
communication system of FIG. 4;

[0033] FIG. 11 illustrates a schematic block diagram of a
multimedia server and a client module that may be used in
any one of the multimedia communication systems of FIGS.
1 through 5;

[0034] FIG. 12 illustrates a more detailed schematic block
diagram of a multimedia server that may be used in the
multimedia communication system of FIG. 1;

[0035] FIG. 13 illustrates a schematic block diagram of
yet another multimedia communication system in accor-
dance with the present invention;

[0036] FIG. 14 illustrates a schematic block diagram of a
still further multimedia communication system in accor-
dance with the present invention;
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[0037] FIG. 15 illustrates a schematic block diagram of a
multi-channel transmitter in accordance with this invention;

[0038] FIG. 16 illustrates a schematic block diagram of
another multi-channel transmitter in accordance with this
invention;

[0039] FIGS. 17A and 17B illustrate schematic block
diagrams of still further multi-channel transmitters in accor-
dance with this invention;

[0040] FIG. 18 shows an overview of one transmitted
signal format utilized within the present invention;

[0041] FIG. 19 provides experimental results indicative of
network efficiency, within the present invention;

[0042] FIG. 20 provides further experimental results
indicative of network efficiency within the present inven-
tion;

[0043] FIG. 21 shows the utilization of two channels,
Channel A and Channel B respectively, in accordance with
this invention;

[0044] FIG. 22 depicts a PCF utilization scheme in accor-
dance with the present invention; and

[0045] FIG. 23 depicts a PCF prioritization scheme in
accordance with the present invention.

DETAILED DISCRIPTION OF THE INVENTION

[0046] Generally, the present invention provides a method
and apparatus for channel allocation when providing mul-
timedia services to a local area network. Such a method and
apparatus include processing that begins by receiving a
plurality of channels from at least one multimedia source.
For example, the plurality of channels may be received via
a satellite connection, cable connection, NTSC broadcast, et
cetera. The processing continues by receiving selection
requests from at least one client module via a communica-
tion path via a local area network such as a LAN or WLAN.
The client module is affiliated with a client device such as a
television, computer, laptop computer, monitor, personal
digital assistant, et cetera. In particular the client module
may comprise a wireless device.

[0047] Such a wireless device must first be affiliated with
a wireless local area network (WLAN). To accomplish this
affiliation, first at least one frequency for affiliation with the
WLAN is established by a control node. The control node
also provides a beacon frame on the frequency that indicates
the timing of affiliation with the WLAN. The wireless device
must then determine the frequency for and timing of affili-
ation with the WLAN based on the beacon frame. Next, the
wireless device identifies itself and provides information
about itself to the control node. From this information the
control node may determine the access privileges and access
channel for the wireless device. The access channel is
selected based on the available existing channels and their
current capacity or bandwidth and current usage or load. The
channel selection may be changed by the control node
dependent on changing loads within the WLAN if needed to
more efficiently handle current or changing demands.

[0048] The process further generates a set of select com-
mands from the select request. The generation of the set of
channel select commands includes interpreting the selection
request, verifying the authenticity of the wireless device
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transmitting the request, and determining appropriate access
privileges for the respective client. The processing continues
by selecting a set of channels from the plurality of channels
based on the set of channel select commands. As such, of all
the channels received, only a few are selected, i.e., the ones
chosen by the wireless devices, to comprise the set of
channels.

[0049] The processing continues by mixing the set of
channels into a stream of channel data. The processing then
continues by transmitting the stream of channel data via the
communication path to the at least one wireless device such
that each client associated with a wireless device receives
the channel data for their respective channels. With such a
method and apparatus, an in-home communication network
is established that allows multiple wireless devices to have
independent access to multimedia sources without requiring
traditional receiving and/or transmitting equipment associ-
ated with independent access to such multimedia sources.

[0050] The present invention can be more fully described
with reference to FIGS. 1 through 24. FIG. 1 illustrates a
multimedia system 10 that includes a multimedia server 12,
and a plurality of wireless device 14-22 operably coupled to
a plurality of clients 26-34. The multimedia server 12
receives a plurality of channels 36 from various multimedia
sources 24. Multimedia sources 24 may be a satellite con-
nection, cable connection, antenna connection for NTSC
television broadcast, HDTV broadcast, PAL broadcast, inter-
net, telephone or other like connection. As one of average
skill in the art will appreciate, the multimedia server 12 may
be a stand-alone device, or can be incorporated in a satellite
receiver, set-top box, cable box, HDTV tuner, home enter-
tainment receiver, or particular computing device or net-
work. In addition, the multimedia server 12 may be imple-
mented using discrete components, integrated circuits, and/
or a combination thereof.

[0051] The multimedia server 12 wirelessly communi-
cates with wireless devices 14-22. The communication path
may be a radio frequency communication path, a wire, an
infrared or optical connection, and/or any other means for
conveying data. As such, the multimedia server 12 and each
of the wireless devices 14-22 include a receiver and/or
transmitter operable to convey data via the given type of
communication path.

[0052] As shown, each wireless device 14-22 is operably
coupled to at least one client. For example, wireless device
14 is operably coupled to client 26, which is representative
of a personal digital assistant. Wireless device 16 is operably
coupled to client 28, which is representative of a personal
computer. Wireless device 18 is operably coupled to client
30, which is representative of a monitor (e.g., LCD monitor,
flat panel monitor, CRT monitor, et cetera). Such a monitor
may include speakers, or a speaker connection, control
functions including channel select, volume control, picture
quality, et cetera. Wireless device 20 is operably coupled to
client 32, which may be a television set, high definition
television (HDTV), standard definition television (SDTV), a
home theatre system, audio system, et cetera. Wireless
device 22 is operably coupled to client 34, which is repre-
sentative of a laptop or tablet computer. Each wireless
device 14-22 may be a separate device from its associated
client or can be embedded within the client itself. Addition-
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ally, wireless devices 14-22 may be implemented utilizing
discrete components, integrated circuits and/or software
applications.

[0053] Each of the clients 26-34, via its associated wire-
less device 14-22, is assigned one or more channels from the
plurality of channels 36. As shown, client 26 is assigned
channel 3 of the plurality of channels for viewing. Accord-
ingly, multimedia server 12 relays the channel selection of
channel 3 to wireless device 14. Data corresponding to
desired multimedia source 24 is then multiplexed with the
data for the other channels and transmitted from multimedia
server 12 to each of the wireless devices 14-22. Wireless
device 14 monitors the transmission from the multimedia
server 12 and extracts the data corresponding to the selected
multimedia service. The extracted data is then provided to
client 26 for display.

[0054] Wireless devices 16, 18, 20 and 22 perform a
similar function for their associated clients 28, 32 and 34,
respectively. Wireless devices 16-22 provide the multimedia
service selection of their respective client 28-34 to multi-
media server 12. Multimedia server 12 extracts the multi-
media source and multiplexes the data for each of the
selected multimedia services into a stream of data assigned
to the channels selected for that wireless device. The stream
of data is then transmitted to each of the wireless devices.
Each wireless device demodulates the appropriate data of
the selected channel for its respective client.

[0055] From each client device 26-34’s perspective, it has
independent access to the multimedia source 24. Accord-
ingly, client 26 may at any time change its multimedia
source selection from, for example, satellite to internet or
telephone. Wireless device 14 provides the change request to
the multimedia server 12, which now establishes an internet
connection for client 26 as opposed to a satellite connection.
Similarly, clients 28-34 could also change their selection.
Note that if two clients have selected the same multimedia
service, multimedia server 12 may only place in the header
information on one channel depending on the nature of the
multimedia source and the client. As such, client modules 14
and 16 may extract the same data from the transmission by
the multimedia server 12 and provide it to their respective
clients.

[0056] As one of average skill in the art will appreciate,
the multimedia system of FIG. 1 provides each client with
independent access to the multimedia source 24. As an
alternate embodiment, the functionality of client modules
14-22 may vary. For example, wireless device 14 may not
provide all the independent functionality that wireless
device 16 does. I'or example, wireless device 14 may not
have independent channel selection capabilities, but instead
may only be capable of selecting channels that one of the
other clients have selected. Alternatively, one client module
may service a plurality of clients.

[0057] FIG. 2 illustrates a schematic block diagram of a
multimedia system 40 that includes a multimedia server 42,
a plurality of wireless devices 46-54, and a plurality of
clients 26-34. The multimedia server 42 is operably coupled
to a wide area network (WAN) 44 and/or to a public switch
telephone network (PSTN) 66. The wide area network 44
may be, for example, the Internet. The multimedia server 42
may be a stand-alone device or incorporated within a
modem or within one of the clients 26-34. The functionality
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of multimedia server 42 may be implemented utilizing
discrete components and/or integrated circuits with accom-
panying software.

[0058] The plurality of client modules 46-54 communi-
cates with the multimedia server 42 via a communication
path. The communication path may be a radio frequency
communication path, infrared communication path, and/or
wire line communication path. In this system 40, multimedia
server 42 is providing independent access for each of the
clients 26-34 to the public switch telephone network 66
and/or to wide area network 44.

[0059] For access to the public switch telephone network
66, cach client 26-34 includes an identification code (e.g., a
telephone number). Multimedia server 42 includes cordless
telephone functionality such that the multimedia server 42
acts as a base station while each of the wireless devices
46-54 in conjunction with its respective client 26-34 func-
tions as a handset. As such, for typical telephone commu-
nications, the multimedia server 42 is a single base station
that includes a plurality of handsets, i.e., the clients 26-34
and their associated wireless devices 46-54. Note that if the
multimedia server 42 has multiple connections to the public
switch telephone network 66, multiple clients may have
simultaneous telephone conversations ongoing. In addition,
the multimedia server 42 may include private branch
exchange (PBX) functionality such that communications
between each client may occur within the system. For
example, client 26 may, communicate with client 34 via the
multimedia server 42. Additionally, computing devices
within the system may communicate, thus forming a local
area network.

[0060] To access wide area network 44, multimedia server
42 includes a network connection, which may be a DSL
modem, cable modem, 56K modem, ISDN modem, etc. In
addition, multimedia server 42 includes a plurality of net-
work access applications (e.g., web browser applications,
email applications, et cetera) to facilitate each client’s access
to the wide area network 44. In operation, wireless devices
46-54, for their respective clients 26-34, provide an indica-
tion that their client desires access to the wide area network
44. Upon receiving the wide area network request, the
multimedia server 42 opens a network access application
(email or web browser) for the respective client based on the
request. The multimedia server 42 may have multiple net-
work access applications open for each client 26-34. When
this occurs, the multimedia server 42 allocates access to the
network connection amongst the clients in a predetermined
manner. For example, the multimedia server 42 may utilize
a token passing concept to provide access to the network
connection for each of the clients.

[0061] The multimedia server 42 receives data from the
wide area network 44, which is destined for one or more of
the clients 26-34. The multimedia server 42 multiplexes the
data and provides a single transmission stream to the plu-
rality of wireless devices 46-54. Each of the wireless devices
monitors the transmission from the multimedia server 42 to
extract data for its respective client 26-34. Upon detecting
data for its client, the client module 46 extracts the data and
subsequently provides it to its client.

[0062] In this illustration, clients 30-34 are accessing the
Internet using a web application. For instance, client 34 has
web page 56 open, client 32 has web page 58 open, and
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client 30 has web page 60 open. Each of these web pages
appear to the respective client as if the client has direct and
independent access to the wide area network. As is also
shown, clients 26 and 28 have opened an email application
64 and 62, respectively. As such, clients 26 and 28 may
process their email via the multimedia server 42.

[0063] FIG. 3 illustrates a schematic block diagram of a
multimedia system 80 that includes a multimedia server 88,
a plurality of wireless devices 90-98, a plurality of clients
26-34, a DVD player 82, a VCR 86, and other such playback
devices. Other such playback devices include laser-disk
players, digital VCRs, close circuit televisions, camcorders,
et cetera. In system 80, the multimedia server 88 provides
access to the playback equipment devices, e.g., DVD player
82 and VCR 86, for each of the plurality of clients. Each
client may elect to receive a DVD playback, a VCR play-
back, or playback from any one of the other video sources.

[0064] In this illustration, client 26 has selected DVD
playback 83. Accordingly, client 26 provides an indication
of its selection to wireless device 90. Wireless device 90
communicates client 26’°s selection to multimedia server 88.
Multimedia server 88 processes the selection to provide the
playback data to client module 90. As further shown in FIG.
3, client 32 has also selected DVD playback 83, while clients
28, 30 and 34 have selected VCR playback 87. As such, each
of the associated client modules 92-98 will provide its
clients’ selection to the multimedia server 88.

[0065] The multimedia server 88 processes the selections
to produce a stream of outgoing data. In this example, the
stream of outgoing data includes a multiplexing of the DVD
playback 83 data and the VCR playback 87 data. Accord-
ingly, the transmission provided by multimedia server 88 to
the wireless devices 90-98 identifies which packets and/or
frames contain DVD playback data and which frames and/or
packets contain VCR playback data. For example, the mul-
timedia server 88 may tag packets as containing DVD
playback data or VCR playback data. Alternatively, the
multimedia server 88 may tag the packets by including the
identity of the particular client module associated with the
client that provided the specific VCR or DVD playback
request. In either case, the client modules 90-98 interpret the
data transmitted from the multimedia server 88 to extract the
appropriate data for its client. The extracted data is then
provided to its client for playback.

[0066] Multimedia server 88 may be operably coupled to
the wireless devices 90-98 via an RF connection, infrared
connection and/or a wire line connection. In addition, each
of the wireless devices 90-98 may be a separate device
and/or included within its respective client. As one of
average skill in the art will further appreciate, the wireless
devices 90-98 may be implemented in discrete circuit com-
ponents and/or integrated circuits and can further include
associated programming operations. Similarly, multimedia
server 88 may be a stand-alone device or incorporated
within the DVD player 82, VCR 86, and/or any other video
source. The multimedia server 88 may be implemented
utilizing discrete components, integrated circuits and asso-
ciated programming operations.

[0067] FIG. 4 illustrates a schematic block diagram of a
multimedia system 100 that includes a multimedia server
102, a plurality of wireless devices 112-120, a plurality of
clients 26-34, a digital audio storage device 104, a DVD
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audio device 106, a radio receiver 108, and a CD player 110.
In this illustration, the multimedia system 100 provides a
selection of multiple audio sources to a plurality of clients
without requiring an independent and direct connection to
each of the audio devices.

[0068] In operation, the client modules 112-120 receive a
selection request from their respective clients. The selection
request is selecting audio playback from the digital audio
storage device 104, which may be storing MP3 files, digi-
tized audio, et cetera, the DVD audio player 106, the radio
receiver 108, the CD player 110, and/or any other type of
audio source.

[0069] Upon receiving the selection request, the multime-
dia server 102 processes the request to authenticate it and,
once authenticated, retrieves data from the appropriate audio
source 104-110. The multimedia server 102 can multiplex
the audio data from the audio sources 104-110 into a single
transmission or can transmit the audio data along multiple
simultaneous channels. Each of the wireless devices 112-
120 receives the transmission and extracts the relevant
portions for its client.

[0070] As shown in FIG. 4, client 26 has selected to
display audio from the digital audio storage device 104.
Accordingly, the client 26 provides the selection request to
wireless device 112, which is subsequently provided to the
multimedia server 102. The multimedia server 102 pro-
cesses the request and initiates the playback from the digital
audio storage device 104. The audio playback data from the
storage device 104 is received by multimedia server 102,
which provides the data, along with the other multimedia
data from other sources, to the client modules 26-34. The
transmission from the multimedia server 102 may be in
packets and/or frames. Each packet and/or frame includes a
header section that identifies the source of the data and/or the
destination of the data. Accordingly, wireless device 112
monitors its assigned channel for data addressing it and/or
identifving the digital audio storage device 104. Upon
detecting such data within the transmission, the wireless
device 112 extracts the data and provides it to the client 26
for digital audio playback 122.

[0071] Client 28 has selected DVD audio playback 124.
Accordingly, wireless device 114 provides the selection
request to multimedia server 102. Multimedia server 102
initiates the DVD audio playback via the DVD audio device
106. The DVD audio playback is multiplexed with other
audio playback data and provided to the client modules
26-34. Wireless device 114 extracts the DVD audio playback
data and provides it to client 28. Wireless device 120
provides the same function for client 34.

[0072] Wireless device 116 provides a similar function for
client 30 but with respect to CD playback 126. Accordingly,
client module 116 provides the CD playback request of
client 30 to the multimedia server 102. The multimedia
server 102 initiates the CD playback via CD player 110 and
multiplexes the CD playback data into the transmission
stream. Wireless device 116 extracts the CD playback data
from the transmission stream and provides it to client 30.

[0073] Wireless device 118 provides radio playback 128
connectivity to the multimedia server 102 for client 32. In
this example, client 32 provides an indication for radio
playback and the desired radio station. Wireless device 118
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provides the request to multimedia server 102, which inter-
prets the request and selects one of the plurality of channels
received via radio receiver 108. The data from the selected
radio channel is multiplexed with the other audio data being
processed by the multimedia server 102. Wireless device 118
extracts the appropriate radio audio data from the transmis-
sion and provides it to client 32.

[0074] FIG. 5 illustrates a schematic block diagram of a
multimedia system 130 that includes multimedia server 132,
wireless devices 134-142, clients 26-34, and a plurality of
multimedia sources. The multimedia sources include VCR
86, DVD player 82, digital audio storage device 104, DVD
audio 106, radio receiver 108, CD player 110, multimedia
source 24, public switch telephone network 66, wide area
network 44, and/or any other type of data, audio, and/or
video source. In this system 130, the clients 26-34 may
select playback from, and/or connection to, any one of the
multimedia sources. The selection request from each client
module would identify the desired multimedia source, the
client, the desired service and any other information to assist
the multimedia server 132 in processing the request. As
such, one client may be accessing the Internet, while another
client is watching a satellite broadcast channel, while
another is listening to a CD playback, while another is
talking on the telephone, and yet another is watching a DVD
playback. This is all done via the multimedia server 132
without requiring the clients to have direct access to the
multimedia sources and without the requirement that each
client have its own multimedia source and/or multimedia
source connection. In essence, multimedia server 132 pro-
vides the functionality of one or more of multimedia server
12, 42, 88 and 102 of FIGS. 1-4. Wircless devices 134-142
provide the functionality of one or more of the wireless
devices described generally with reference to FIGS. 1-4.

[0075] As one of average skill in the art will appreciate,
the multimedia server 12, 42, 88, 102, and/or 132 may be
incorporated in a home theatre receiver, television set,
modem, set-top box, cable receiver, satellite receiver, VCR,
DVD player, et cetera to provide the networking function-
ality as generally described in FIGS. 1-5. As one of average
skill in the art will further appreciate, the clients 26-34 of
FIGS. 1-5 may be any one of a personal computer, a laptop
computer, a personal digital system, a video telephone, a
digital telephone, a cellular telephone, a monitor, a televi-
sion, a high definition television, a printer, a facsimile
machine, and/or any devices that includes an audio and/or
video display.

[0076] FIG. 6 illustrates a schematic block diagram of the
multimedia server 12 and wireless devices 14-22 of system
10 shown in FIG. 1. Multimedia server 12 includes a tuning
module 150, a channel mixer 152, a transceiving module
154, and a control module 156. The multimedia server 12 is
operably coupled to each of the wireless devices 14-22 via
a communication path 192. The communication path 192
may be a wire line connection, a transmit wire line connec-
tion, a receive wire line connection, a transceiving radio
frequency path, a transmit radio frequency path, a receive
radio frequency path, a transceiving infrared path, a trans-
mitting infrared path, and/or a receiving infrared path.

[0077] Each of the wireless devices 14-22 includes a
network interface controller 168, a selection module 170,
and a video and/or audio interface 172. The selection
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module 170 is operably coupled to receive an input from the
client to produce a multimedia source selection 178. Accord-
ingly, if the client is a television set, the television set
provides a signal to the selection module 170 indicating the
multimedia source and channel selected. Alternately, the
multimedia source selection module 170 may include a
remote control receiver such that when the remote control of
the television is used to change the channel displayed at the
television set, selection module 170 receives the control
signal, interprets it, and produces the multimedia source
selection 178 therefrom. The network interface controller
168 receives multimedia source selection 178 and prepares
it for transmission via the communication path 192 to the
multimedia server 12. The processing performed by the
network interface controller 168 is dependent on the type of
communication path 192.

[0078] The network interface controller 168 provides the
process multimedia source selection 178 as a multimedia
select request 190 to the transceiving module 154 of mul-
timedia server 12. As one of average skill in the art will
appreciate, wireless devices 14-20 perform a similar func-
tion as wireless device 22 in producing their respective
multimedia select requests 182-188. As one of average skill
in the art will appreciate, the multimedia source selection
178 may include selecting an audio channel, video channel,
a particular audio source (e.g., CD playback), a particular
video source (e.g., DVD player), etc. In addition, the mul-
timedia select requests 182-90 may further include volume
adjust, picture quality settings and adjustments, displaying
restrictions, purchase request, picture-in-picture activation
and deactivation, picture-in-picture channel select, video
pausing, reverse play, fast forward, and/or audio muting.

[0079] The transceiving module 154 receives the multi-
media select requests 182-190 from the plurality of client
modules 14-22 via communication path 192. The transceiv-
ing module 154 extracts the physical layer information from
the multimedia select requests 182-190 to retrieve the
respective multimedia source select request 164. The trans-
ceiving module 154 provides multimedia source select
request 164 to control module 156. As an analogy, note that
the multimedia source selections 178 may correspond to
network layer data while the multimedia select requests
182-190 may correspond to physical layer data of a ISO
standardized communication system. As such, a channel
selection request utilizes physical layer type identification
within its header and includes in its data section the multi-
media source selections 178. The channel selections include
a header section and data section corresponding to the
particular channel selected.

[0080] The control module 156 processes the channel
select request 164. The processing of the channel select
request 164 includes authenticating the request and prepar-
ing a set of multimedia selection commands 160 therefrom.
The tuning module 150 receives the set of multimedia
selection commands 160 and extracts a set of multimedia
feeds 162 from a plurality of multimedia feeds 158 based on
the set of selection commands 160. The plurality of multi-
media feeds 158 correspond to channels provided via a
satellite connection, a cable connection, an NTSC broadcast,
an HDTV broadcast, a PAL broadcast, et cetera. The tuning
module 150 provides data for each of the multimedia feeds
158 to mixer 152.
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[0081] Mixer 152 mixes (i.e., multiplexes) the set of
multimedia feeds 162 to produce a stream of data 166. The
mixing of the set of channels includes converting the data of
each multimedia feed into a generic data type and then
converting the generic data into a specific data format for
transmission as data stream 166. The transceiving module
154 may transmit data stream 166 as data packets 180.
Alternatively, data stream 166 may be transmitted in frames.
Alternatively, each data stream may be sent via a channel to
an individual wireless device. Each wireless device 14-22
receives the packets, or frames, of channel data 180 via its
network interface controller 168.

[0082] Network interface controller 168 within each wire-
less device 14-22 may interpret the header of each data
packet 180 to determine whether it addresses its correspond-
ing wireless device. If so, the network interface controller
168 removes the physical layer portion of data packet 180 to
retrieve data 176. Data 176 is provided to the appropriate
user interface. Here data 176 is provided to video and/or
audio interface 172. For example, if data 176 is video data,
interface 172 is a video interface to a display input of the
associated client. Alternatively, if data 176 is audio data,
interface 172 is an audio interface that couples to an audio
input of the associated client.

[0083] FIG. 7 illustrates a schematic block diagram of
multimedia server 42 and wireless devices 46-54 of the
multimedia system 40 of FIG. 2. The multimedia server 42
includes a modem interface 202, a processing module 204,
memory 206 and a transceiving module 208. The modem
interface 202 is operably coupled to a network connection
200, which in turn is operably coupled to a wide area
network 44. The processing module 204 is also coupled to
the public switch telephone network 66.

[0084] Wireless devices 46-54 each include a network
interface controller 168 and a client interface 222. In opera-
tion, the wireless device 46-54, via its client interface 222,
receives a request that indicates the client’s desire for either
Internet connection via wide area network 44, to place a
telephone call via the PSTN 66, for client-to-client commu-
nication, or for multimedia sources as discussed in FIGS.
1-6. Client interface 222 provides connectivity to the client
via a PCI bus interface, an AC 97 bus interface, a parallel
input, a serial input, et cetera. The network interface con-
troller 168 processes the request from its client to produce a
request packet(s), which is/are transmitted to the transceiv-
ing module 208 of the multimedia server 42.

[0085] The transceiving module 208 retrieves the request
from the packet(s) in accordance with the data conveyance
protocol used by the multimedia system. The transceiving
module provides the retrieved requests to the processing
module 204. Processing module 204 determines whether the
request is valid. If so, the processing module 204 sets up the
appropriate interface with the PSTN 66 and/or the WAN 44.
The appropriate interfacing to the PSTN for a telephone
connection includes the processing module 204 performing
base station like functions of a cordless telephone, while the
client module and/or client functions as a cordless handset.
As a base station, the processing module 204 initiates a
connection with the PSTN 66 to enable a telephone com-
munication for the requesting client.

[0086] If the request was for Internet access via wide area
network 44, the appropriate interfacing includes the pro-
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cessing module activating a network access application for
the requesting client. The network access application may be
a web browser application, email application, et cetera. The
particular network access application will be dependent
upon the request provided by the client. Upon activating the
network access application, the processing module deter-
mines whether the network connection 200 is actively
coupled to the wide area network 44. If not, the processing
module 204 establishes, via the modem interface 202, a
connection to wide area network 44 through the network
connection 200. At this point, the respective client has
access to the Internet.

[0087] With the Internet access established, the client
interface 222 receives Internet data from the client and
provides it to the network interface controller 168. The
Internet data includes inputs from the client in response to
the particular network access application (e.g., web browser,
email, etc.). For example, the inputs for an email application
include send a message, read a message, compose a mes-
sage, etc. The corresponding processing of these inputs by
multimedia server, via the network access application, is
provided back to the client for display by the client. As such,
from the client’s prospective, the client has direct access to
the Internet.

[0088] The client generates the inputs via a keyboard,
touch-screen, and/or other input device and provides them to
the wireless device via the client interface 222. The client
interface 222 provides the inputs to the network interface
controller 168, which packetizes them to produce packets
218. The packets 218 include multiple header sections and
a data section, as per, for example, the IEEE 802.11 stan-
dard. The header section includes the identity of the client
module and/or client, the destination address, and other
MAC layer-type header information. The MAC layer-type
header information may contain an IP header, which data
may contain a TCP header, which can in turn contain other
header information. The data section includes the input data
provided by the client. Each wireless device 46-54 produces
packets 210-218 in a similar manner.

[0089] The network interface controller 168 provides the
packets 210-21.8 to the transceiving module 208 of the
multimedia server 42 via the communication path 192. Since
Internet access is typically a bi-directional communication,
the communication path 192 may include a separate transmit
path and a separate receive path. The transmit path may be
used for transmitting packets 210-218 to the multimedia
server while the receiving path may be used to receive
multiplexed client data 230 from the multimedia server 42.
Additionally, each wireless device may interface with trans-
ceiving module 208 via an assigned logical or physical
channel. Assigning clients to the physical or logical channels
requires determining the bandwidth capacity and need for
each client and determining the packet size for each client
with the goal of maximizing the throughput to each client
relative to the throughput required to obtain satisfactory
transmission quality.

[0090] The transceiving module 208 has the unique ability
to transmit on multiple channels simultaneously from the
multimedia server 42 to wireless devices 46-54. The uplink
direction uses a single channel. This configuration is advan-
tageous for video delivery because video requires a much
higher bandwidth in the downlink than the uplink. Uplink
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traffic consists of contention access devices (DCF) and
transfer acknowledgements (ACKS) and source messaging
from clients to the multimedia server. ACKS allow the
receiving client to indicate to the source that a packet was
received without error. If a packet is received in error or
missed all together, no ACK will be sent and the server
retransmits the packet in a process known as automatic
repeat request (ARQ). At reasonable packet error rates ARQ
can be used to reduce the effective packet error rate (PER)
to near zero. In the 802.11a standard, an ACK is transmitted
at a fixed interval after the end of packet reception. This
duration between the end of packet reception and the start of
the transmission of an ACK is referred to as “Tsifs” and is
16 usecs (4 frames) long in IEEE 802.11a. This standard
operation is depicted in FIG. 8A.

[0091] Because an ACK is transmitted on the uplink, when
two channels are transmitted simultaneously on the down-
link a problem arises. If both packets are the same length,
clients will attempt to transmit an ACK on the same channel
at the same time. If the packets differ in length, an ACK may
be transmitted while the server is still transmitting. The
server cannot receive while transmitting and would therefore
miss the ACK. This can occur because the two channels
share the uplink channel to carry the ACKs. Data can thus
be transmitted in parallel on the downlink, but can only
transmit serially on the uplink. To avoid the situation
described above, the downlink transfers include a propri-
etary field in the data stream which specifies a fixed delay for
each ACK. This allows the ACK from one of the channels
to be delayed such that it will occur Tsifs after the end of the
first ACK. While this adds some overhead, the overhead is
small compared to the gain of the second channel. This

configuration is shown in FIGS. 8B and 8C.

[0092] FIG. 8A depicts the operation of a single channel
device. Here the clients transmit serially. The overhead for
each client consists of 2 Tsifs, a Tack, a Tsync and a Tmac.
The operation of a dual channel system is illustrated in FIG.
8B. The second channel not only allows the transmission of
client 1 in parallel with client O, but also requires only an
additional Tsifs and Tack, effectively reducing the overhead.
FIG. 8C illustrates how two short duty cycle clients can be
transmitted in parallel with one long duty cycle client in a
dual channel system. The second channel prevents one high
duty cycle client from effectively occupying the entire
available bandwidth.

[0093] At a higher level, the media access controller
(“MAC”) breaks up the channel into two access mecha-
nisms, point coordination function (PCF) and distributed
coordination function (DCF). During the PCF period, all
transactions are coordinated from gateway. Because of this
central coordination, there is no contention for the channel
and no associated overhead. This allows continuous data
streams, such as continuous video streams, to be transmitted
in a nearly isochronous manner without overhead for con-
tention and is therefore very efficient for continuous data
streams. The DCF period allows random access to the
channel for devices which do not have continuous data
streams, such as many Web based applications. For this type
of data transmission the overhead for contention based
access is preferred because data is rarely transmitted, but
bandwidth requirements can be high when data is needed.
The PCF and DCF transfers are alternated at a fixed rate. The
rate is variable, but in one implementation may be approxi-
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mately 1 second. The percentage of this period occupied by
the PCF and DCF transmissions is variable and can be
changed dynamically based on the types of clients and
available channel throughputs. It is presently envisioned that
the PCF period will be much larger than the DCF period.

[0094] The multimedia server can divide channels A and B
into timeslots during the PCF period. There is one timeslot
for each client. The data rate to a particular client is therefore
determined by the percentage of the channel devoted to PCE,
the percentage of the PCF period given to that client’s
timeslot, and the efficiency of the actual transfer. The last
item is effectuated by the percentage of time given to packet
overhead as well as any idle time on the channel. FIG. 9
shows an overview of the transmitted signal format.

[0095] FIG. 9 depicts a channel divided into two sections
based on access type, the PCF and DCF periods. The PCF
period is further divided into timeslots. During a given
timeslot, data is transmitted to one client. The timeslots may
or may not line Up on-channels A and B. Each timeslot is
made up of several packets. Note that differences in packet
lengths on channels A and B result in dead time on one or
the other channel. Each packet can further be broken down
into a sync period which contains both the sync fields and
signal fields, the MAC header, the payload period Tn and the
CRC (cyclic redundancy code).

[0096] As shown in FIG. 9, the actual data rate delivered
to a given client will be considerably less than the data rate
of the channel. Consider a client n, where the physical
channel rate is given by C,. The actual data rate, r,,
delivered to the client is given by:

15=Co* (T Tun) *(TS o/ Tpee)* (Tpet/ Tr)

[0097] Notice that two key terms affect throughput. The
first is the length of the packet payload relative to the
repetition time of the packet, and the second is the percent-
age of the time that the transmitter dedicates to the timeslot
for client n. The first term (T,/T,,), is essentially the
overhead. This term is always less than 1. In general, it is
maximized by making the payload in each packet larger.
This causes T, to increase. Note that T, consists of two
terms, T, and a fixed overhead W . This allows Equation 1
to be rewritten as:

Equation (1)

70=Co " (Lo (Lot W) * (TS0/ Tpce)

[0098] In this format it is clear that as T >>W_, the first
term will approach 1. Unfortunately there are limits to
increasing T,. As T, becomes large, the probability of packet
error also increases. At some point, the retransmission rate
becomes high enough to offset the increased MAC efficiency
and the throughput will begin to drop. In addition, the IEEE
802.11a standard limits packets to 4096 bytes.

Equation (2)

[0099] The second term is the duty cycle of the time slot.
This can be changed to directly affect the throughput to
client n. However, increasing the duty cycle to client n
necessitates decreasing the duty cycle to other clients. It
seems reasonable that the algorithm to choose the duty
cycles to each client must be fair to all clients. The perfor-
mance of these algorithms will be discussed in the descrip-
tion of FIGS. 18-22.

[0100] Returning to FIG. 7, the transceiving module 208
receives packets 210-218 and removes the physical layer
header information to produce retrieved requests 220. The

34



US 2004/0125779 Al

retrieved requests 220 are provided to processing module
204, which converts them into network data 224 by execut-
ing the network access application thereon. Note that the
network data 224 includes is separate data for each of the
clients accessing the WAN 44. The processing module 204
provides the network data 224 to the network connection
200, via the modem interface 202, as outbound modem data
234. Responses to the outbound modem data 234 are
received via the network connection 200 as inbound modem
data 232. The processing module 204 receives the inbound
modem data 232 as received network packets 226 via the
modem interface 202.

[0101] The processing module 204 interprets the received
network packets 224 to identify the source and/or destina-
tion of the network packets. For each network packet that is
destined for a particular client, the processing module adds
header information to address the particular client, thereby
producing client data 228. The transceiving module 208
performs the physical layer interfacing on the client data 228
to produce multiplexed client data 230.

[0102] Each of the wireless modules 46-54 may receive
multiplexed client data 230 via the communication path 192.
The network interface controller 168 in each wireless device
46-54 monitors the multiplexed client data 230 to identify
packets destined for its respective client. For each packet the
network interface controller 168 identifies for the corre-
sponding client module, it strips off the physical layer
information and provides the respective client data to the
client interface 222. The client interface 222 provides the
respective client data to the client, thereby facilitating Inter-
net access for the particular client.

[0103] The multimedia server 42 may also provide inter-
com, or client-to-client, communications between the clients
of the system 40. In this instance, the client interface 222
would receive a request for intercom communications from
its client. The network interface controller 168 would pack-
etize this request and provide it to the transceiving module
208 of multimedia server 42. The processing module 204
processes the request and determines whether the request
can be fulfilled. Whether the request can be fulfilled is based
on resource availability of the multimedia server, bandwidth
availability of the communication path 192, and function-
ality capabilities of the clients involved in the intercom
communication. If the request can be fulfilled, the process-
ing module 204 provides a response to the initiating wireless
device.

[0104] Once the intercom communication has been estab-
lished, the initiating client provides data to the multimedia
server 42 via the network interface controller 168 in packets.
The packets include a header section and a data section,
wherein the header section indicates that the data section
includes client-to-client data. Once the processing module
204 receives the packetized intercom data, the processing
module 204 detects that this is a client-to-client communi-
cation and processes the client-to-client data 236. The pro-
cessing module 204 provides the client-to-client data 236 as
part of the client data 228. The client data 228 includes
header information that identifies it as a client-to-client
communication data (audio or video), telecom data, and/or
Internet communication data.

[0105] The transceiving module 208 performs the physical
layer packetizing of the client data 228 to produce the
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multiplexed client data 230. The targeted client module
identifies the packets containing the client-to-client commu-
nication via the network interface controller 168, which
strips off the physical layer portion of the packets and
provides the client-to-client data to the client interface 222.
The client interface 222 provides the intercom data to the
respective client.

[0106] FIG. 10 illustrates a schematic block diagram of
multimedia server 132 and wireless devices 134-142 of the
multimedia communication system 130 of FIG. 5. The
multimedia server 132 includes processing module 345,
memory 347, channel mixer 342, transceiving module 346,
control module 344, and tuning module 340. Each of the
wireless devices 134-142 includes a selection module 334,
network interface controller 330, client interface 222, video
and audio interface 172, video interface 332, and an audio
interface 312.

[0107] In this multimedia communication system 130, a
client may select any one of a variety of multimedia services
including client-to-client communications, viewing a chan-
nel from a satellite connection, cable connection, etc., view-
ing closed circuit television, viewing compressed video
stored in memory, viewing a DVD, viewing a cassette from
a VCR, listening to digital audio, listening to a compact disk,
listening to DVD audio, listening to a radio station, access-
ing the Internet, and/or participating in a telephone call.

[0108] To initiate one or more of these multimedia ser-
vices, the selection module 334 of a wireless device 134-142
receives an input, either from the client device or a remote
control device associated with the client device. The input
identifies the particular client as well as identifying the
particular service desired. The selection module 334 inter-
prets the input to produce a source selection 336. The
selection module 334 provides the source selection 336 to
the network interface controller 330.

[0109] The network interface controller 330 prepares the
source selection 336 for transmission to the multimedia
server 132. The preparation may be done by packetizing the
source selection 336 for a physical layer type transmission,
placing at least a portion of the source selection 336 in an
allocated timeslot in a TDM transmission scheme, respond-
ing to a polling request from the multimedia server 132,
requesting and/or receiving a token ring, et cetera. Regard-
less of the type of access scheme used, the network interface
controller 330 produces a request 320-328, which is trans-
mitted to the transceiving module 346 of multimedia server
132.

[0110] The transceiving module 346 receives the request
320-328 from the wireless devices 134-142. The transceiv-
ing module 346 processes the request in accordance with the
transmission scheme utilized. For example, if the transmis-
sion scheme is carrier sense multiple access, the transceiving
module 346 interprets the header to identify the particular
client such that it may isolate the individual request 320-328.
As a further example, if TDM access is utilized, the trans-
ceiving module 346 identifies the particular timeslot allo-
cated to each client module to identify the corresponding
request 320-328. Regardless of the type of transmission
scheme utilized, the transceiving module 346 removes the
physical layer type overhead from the requests 320-328 to
recapture the source selections 336. The source selections
336 are provided as select requests 350 to the control module
344.
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[0111] The transceiving module 346 processes requests
320-328 to identify the particular type of selection being
requested. If the selection is to access one of the multimedia
sources, it processes the selection as described above. If,
however, the transceiving module 346 determines that one
or more of the requests 320-328 is requesting client-to-client
communication, the transceiving module 346 gencrates a
client-to-client request, which is provided to processing

module 345.

[0112] The control module 344 interprets each of the
select requests 350 in accordance with the access privileges
and authentication processes for each of the wireless devices
134-142. If the selection request is valid and the wireless
device 134-142 has been authenticated, the control module
334 generates a select command for each corresponding
request 320-328. The control module 334 provides the select
commands as a set of commands 352 to the tuning module
340.

[0113] The tuning module 340 processes each of the select
commands of the set of commands 352 to identify the
multimedia source to be accessed. For each command
received, the tuning module 340 selects the appropriate
channel of the multimedia sources. For multimedia sources
that include a plurality of available channels or feeds, such
as a satellite connection, cable connection, radio receiver, et
cetera, the tuning module 340 selects the particular source
and also further selects one of the plurality of feeds from the
multimedia source. The resulting isolated multimedia feeds
are provided to mixer 342 as a set of multimedia feeds 348.

[0114] Processing module 345 reccives client-to-client
communication requests and processes the requests to pro-
duce client-to-client data 236. Processing module 345 pro-
vides the client-to-client data 236 as client data 228 to mixer
342. Mixer 342 processes the set of multimedia feeds 348
and, when included, client data 228. Mixer 342 converts the
data of each feed of the set of channels 348 into generic data.
Client data 228 is multiplexed with generic data to produce
data stream 354. Mixer 342 provides data stream 354 to
transceiving module 346.

[0115] The transceiving module 346 transmits the data
stream 354 in accordance with the data transmission proto-
col incorporated by the multimedia communication system.
As such, the data stream is framed, packetized, et cetera, to
produce packets of data 356 that are provided via a com-
munication path 192 to wireless devices 134-142.

[0116] The network interface controller 330 within each
wireless device 134-142 receives the packets of data 356 and
interprets overhead information within the header to deter-
mine whether a particular packet is intended for the corre-
sponding client module. If so, the network interface con-
troller 330 strips off the overhead information and further
interprets the particular type of data contained in the packet.
This may be done by reading additional overhead informa-
tion to identify the particular sources of information and/or
accessing memory, which corresponds the anticipated pack-
ets with the source selection 336. If the packets correspond
to data received from one of the multimedia sources, the
network interface controller 330 provides audio and/or video
data 338 to one or more of the interfaces 172, 332 or 312.
If, however, the data relates to a client-to-client communi-
cation, to a telephone call or to accessing the Internet, the
network interface controller 330 provides the received data
to the client interface 222.
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[0117] Each of the interfaces 172, 222, 332, and 312
communicates with the respective client device either
through external ports of the client device, such as a serial
port or parallel port, or through internal access via a PCI bus,
AC 97 bus, et cetera. Once the data is received by the client
device, it is displayed visually and/or audibly as if the client
device had direct access to the particular multimedia source
being accessed.

[0118] As one of average skill in the art will appreciate,
the mixing of data performed by mixer 342 may utilize a
prioritization scheme depending on the type of data being
mixed. For example, if the data being mixed includes real
time audio and/or video data, such data may take priority
over non-real time video and/or audio. Such real time video
and/or audio can include telephone communications, watch-
ing live broadcasts, et cetera, while non-real time video
and/or audio can include viewing a DVD, VCR, listening to
digital audio, CD, DVD audio, et cetera. The non-real time
data may be transmitted in large bursts with greater time
intervals between the bursts and still provide a continuous
flow of display data. Conversely, real time data is transmit-
ted more frequently and in smaller bursts.

[0119] As one of average skill in the art will further
appreciate, the memory 347 of multimedia server 132, or
other memories in any of the multimedia servers shown,
may enable the multimedia server 132 to function as a digital
video recorder. As such, live broadcasts may be captured
from a satellite connection, cable connection, NTSC broad-
cast, PAL broadcast, and/or HDTV broadcast and stored in
memory for subsequent playback. Further, multimedia
server 132 may couple to one or more of the multimedia
sources shown. As such, multimedia server 132 may include
the functionality of any one or all of the multimedia servers
shown in FIGS. 1-5. Correspondingly, each wireless device
134-142 may include the functionality of one or more of the
wireless devices shown in FIGS. 1-5.

[0120] FIG. 11 illustrates an alternate schematic block
diagram of the multimedia communication systems shown
in FIGS. 1-5. The multimedia server 12, 42, 88, 102 and/or
132 includes a processing module 360 and memory 362. The
multimedia server is operably coupled to receive one or
more of the multimedia sources. Such multimedia sources
include a plurality of channels 158 from a satellite connec-
tion, cable connection, NTSC broadcast, PAL broadcast,
and/or HDTV broadcast, compressed video 248 from a
memory device, camcorder, et cetera, DVD playback 82,
VCR playback 86, stored digital audio 104, CD playback
110, DCD audio playback 106, radio reception 108, internet
connection 44, and/or connection to the public switch tele-
phone network 66.

[0121] The processing module 360 may be a single pro-
cessing device or plurality of processing devices. Such a
processing device may be a microcontroller, microprocessor,
microcomputer, central processing unit, digital signal pro-
cessor, programmable gate array, state machine, logic cir-
cuitry, and/or any device that manipulates signals (analog
and/or digital) based on operational instructions. The
memory 362 may be a single memory device or a plurality
of memory devices. Such a memory device may be a
read-only memory, random access memory, system memory,
flash memory, magnetic tape memory, programmable
memory, erasable memory, and/or any device that stores
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digital information. Note that when the processing module
360 implements one or more of its functions via a state
machine or logic circuitry, the memory storing the corre-
sponding instructions is embedded within the circuitry com-
prising the state machine or logic circuitry.

[0122] In general, the multimedia server 12, 42, 88, 102
and/or 132 provides access for a plurality of clients to one
or more of the multimedia services by receiving requests
182-190, 258-266, 298-306 and/or 320-328 from a client
module. The multimedia server processes the request to
produce packets of data 180, 268, 296 and/or 356 or mul-
tiplexed client data 230, depending on the type of request. In
addition, the client modules may provide packets of infor-
mation 210-218, which contain data for Internet connec-
tions, telephone connections, and/or client-to-client commu-
nications. The multimedia server processes packets as
described generally with reference to FIGS. 1-10.

[0123] Wireless devices 14-22, 46-54, 90-98, 112-120
and/or 134-142 includes a processing module 364 and
memory 366. Each wireless device is operably coupled to a
client 26, 28, 30, 32 and/or 34 to provide display data 368.
The display data may include audio data, video data and/or
text data. The type of display data 368 will depend on the
particular multimedia source being accessed for the client.
The processing module 364 may be a single processing
device or a plurality of processing devices. Such a process-
ing device may be a microprocessor, microcontroller, micro-
computer, central processing unit, programmable gate array,
state machine, logic circuitry, digital signal processor, and/or
any device that manipulates signals (analog and/or digital)
based on operational instructions. The memory 366 may be
a single memory device or a plurality of memory devices.
Such a memory device may be a read-only memory, random
access memory, erasable memory, flash memory, magnetic
tape memory, system memory, and/or any device that stores
digital information. Note that when processing module 364
implements one or more of its functions via a state machine
or logic circuitry, the memory storing the corresponding
operational instructions is embedded within the circuitry
comprising the state machine and/or logic circuit. The
functions performed by processing module 364 have been
generally described with reference to FIGS. 1-10.

[0124] FIG. 12 illustrates a more detailed schematic block
diagram of multimedia server 12 of the multimedia com-
munication system of FIG. 1. The multimedia server 12
includes the tuning module 150, the channel mixer 152, the
transceiving module 154, and the control module 156. The
tuning module 150 includes a plurality of tuners 370-376, an
encoding module 380, and a bus interface module 382. The
channel mixer 152 includes at least one stream parsing
module 390, a memory controller 394, memory 392, a
processor 396, and a data transcoding module 388. The
stream parsing module 390 includes a plurality of bit stream
modules 398-404.

[0125] In operation, the control module 156 provides the
set of channel select commands 160 to the tuning module
150. As shown, each tuner receives an individual channel
select command from the control module 156. Alternatively,
the control module 156 provides a stream of data containing
the channel select commands 160 to the tuning module 150.
The tuning module then would interpret the stream of data
to identify the particular commands being received and then
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provide individual channel select commands to tuners 370-
376. Each of the tuners 370-376 has its input coupled to
receive the plurality of channels 158.

[0126] The plurality of channels may be received via a
satellite connection, cable connection, NTSC broadcast,
PAL broadcast, HDTV broadcast, et cetera. Accordingly,
each of the tuners 370-376 would include a corresponding
tuner functionality and construction. For example, if the
plurality of channels 158 is being received via an NTSC
broadcast, each of the tuners includes a television encoder to
isolate one of the plurality of channels and produce digitized
video as an output. Alternatively, if the plurality of channels
158 is received via a satellite connection, each of the tuners
includes a satellite tuner as found in commercially available
satellite receivers. The satellite tuner outputs, in MPEG 2
format, one or more channels of the plurality of channels.
Similarly, for HDTYV, cable TV, et cetera the tuners would be
of a construct corresponding to the particular source of the
plurality of channels. Since the construct of such tuners for
each of the sources is known, no further discussion will be
presented for the tuners except to further illustrate the
concepts of the present invention.

[0127] Each tuner 370-376 outputs a selected channel 384
and provides it to the encoding module 380. The encoding
module 380 encodes each of the selected channels 384 based
on the encoding scheme used by the multimedia server 12 to
produce encoded channel data 386. The encoding scheme
may be one or more of multilevel encoding, non-return to
zero encoding, Manchester encoding, block encoding and/or
nB/mB encoding where in n>m. For example, the nB/mB
may be 4B/5B encoding where 4 bits of actual data are
converted into 5 bits of encoded data. In addition, the
encoding attaches a header portion, which identifies the
particular channel. The encoded channel data 386 is placed
on a bus coupling the tuning module 150 to the channel
mixer 152 by a bus interface module 382.

[0128] The bus interfacing module 382 places the encoded
channel data 386 on the bus in accordance with the particular
data transport scheme used within multimedia server 12. For
example, the data conveyance protocol may be carrier sense
multi-access, TDMA, et cetera.

[0129] The channel mixer 152 is operably coupled to
receive the encoded channel data 386 from tuning module
150. The channel mixer 152 receives the encoded channel
data 386 via the stream parsing module 390. The stream
parsing module 390 includes a plurality of bit stream mod-
ules 398-404. Each of the bit stream modules 398-404
monitors the bus for data corresponding to a particular
channel of interest. Accordingly, each of the bit stream
modules 398-404 is allocated to process data related to a
particular client module. For example, bit stream module
398 may be allocated to process data for wireless client
module 14 of FIG. 1, while bit stream module 400 is
allocated to process data for wireless client module 16 of
FIG. 1, et cetera.

[0130] Each bit stream module 398-404 includes a bus
interface module (not shown) to monitor the bus to detect the
identity of the relevant data. As one of average skill in the
art will appreciate, alternatively, the channel mixer 152 may
include a bus interface module that provides a single con-
nection to receive all of the data, wherein the bus interface
module interprets the data and provides it to the appropriate
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bit stream module 398-404. Each of the bit stream modules
398-404 isolates data of its corresponding channel of interest
406 and provides the data to memory 392 via memory
controller 394.

[0131] As the data corresponding to each channel of
interest 406 is stored in memory 392, the processing module
396 is converting the channel of interest 406 from its
original format into generic data. The processor 396 causes
the generic data to be stored in memory 392 via memory
controller 394. For example, if the channel of interest
corresponds to video data received from one of the multi-
media sources, the processor converts the specific formatted
video data (e.g., MPEG II) of the multimedia source into a
generic video data. Such generic video data may be format-
ted as MPEG video data, JPEG data, M-JPEG video data,
digital RGB data and/or digital YCBCR data.

[0132] If the data for the channel of interest is audio data,
the processor 396 converts the format of the audio data from
its original format into generic audio data, such as MPEG
formatted audio data, MP3 formatted data, and/or PCM
digitized audio data.

[0133] The data transcoding module 388 retrieves the
generic data 392 from memory via the memory controller
394 to produce a stream of channel data 166. If the generic
data is generic video dala, the transcoding module 388
converts the generic video data into a specific video data
format, such as MPEG II, to produce the stream of channel
data 166. If, however, the generic data includes generic
audio data, the data transcoding module 388 converts it into
a specific audio format, such as MP3. If the data is Internet
data, telecommunication data, and/or client-to-client com-
munication data, the transcoding module 388 provides the
data unaltered as part of the stream of channel data 166.

[0134] The transceiving module 154 receives the stream of
channel data 166 and processes it to produce packets of
channel data 180. The processing performed by the trans-
ceiving module 154 is in accordance with the data convey-
ance protocol of the multimedia server. As such, the pro-
cessing adds overhead information to identify the particular
portions of the stream of channel data 166 that is destined for
individual client modules.

[0135] FIG. 13 illustrates a schematic block diagram of a
multimedia system 500 that includes a multimedia server
502, a plurality of wireless client modules 512-520, a
plurality of clients 526-534, a digital audio storage device
504, a DVD audio device 506, a radio receiver 508, and a
CD player 510: In this illustration, the multimedia system
500 provides a selection of multiple audio sources to a
plurality of clients without requiring an independent and
direct connection to each of the audio sources.

[0136] In operation, the client modules 512-520 receive a
selection request from their respective clients. The selection
request selects audio playback from the digital audio storage
device 504, which may be storing MP3 files, digitized audio,
et cetera, the DVD audio player 506, the radio receiver 508,
the CD player 210, and/or any other type of audio source.

[0137] Upon receiving the selection request, the multime-
dia server 502 processes the request to authenticate it and,
once authenticated, retrieves data from the appropriate audio
source 504-510. The multimedia server 502 provides the
audio data from the audio sources 504-510 along a single
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transmission stream or along multiple simultaneous and
synchronized transmission streams to client modules 512-
520. Each of the wireless client modules 512-520 receives
the transmission and extracts the relevant portions for its
client. Multimedia server 502 can comprise a multi-channel
transmitter implementing a method for synchronized chan-
nel transmission in accordance with the teachings of this
invention. The functionality of multimedia server 502 may
be implemented utilizing discrete components and/or inte-
grated circuits with accompanying software and is analo-
gous to the functionality of multimedia server 12 of FIG. 1.

[0138] As shown in FIG. 13, client 526 has selected to
display audio from the digital audio storage device 204.
Accordingly, the client 526 provides the selection request to
client module 512, which is subsequently provided to the
multimedia server 502. The multimedia server 502 pro-
cesses the request and initiates the playback from the digital
audio storage device 504. The audio playback data from the
storage device 504 is received by the multimedia server 502,
which provides it, along with other audio playback data from
other audio sources, to the client modules. The transmission
from the multimedia server 502 may be in packets and/or
frames. Each packet and/or frame includes a header section
that identifies the source of the data and/or the destination of
the data. Accordingly, client module 512 monitors the trans-
mission or transmissions [or data addressing it and/or iden-
tifying the digital audio storage device 504. Upon detecting
such data within the transmission(s), wireless client module
512 extracts the data and provides it to the client 526 for
digital audio playback 552. Similar functionality is provided
for the other clients and client modules.

[0139] FIG. 14 illustrates a schematic block diagram of a
multimedia system 530 that includes multimedia server 532,
client modules 534-542, various clients 626-634, and a
plurality of multimedia sources. The multimedia sources
include VCR 686, DVD player 682, digital audio storage
device 504, DVD audio 506, radio receiver 508, CD player
510, multimedia source 624, public switch telephone net-
work 666, wide area network 644, and/or any other type of
audio and/or video source. In system 530, clients 626-634
may select playback from, and/or connection to, any one of
the multimedia sources. The selection request from each
client module would identify the desired multimedia source,
the client, the desired service and any other information to
assist the multimedia server 532 in processing the request.
As such, one client may be accessing the Internet, while
another client is watching a satellite broadcast channel,
while another is listening to a CD playback, while another
is talking on the telephone, and yet another is watching a
DVD playback. This is all done via the multimedia server
532 without requiring the clients to have direct access to the
multimedia sources and without the requirement that each
client have its own multimedia source and/or multimedia
source connection. In essence, multimedia server 532 pro-
vides the functionality of one or more of multimedia servers
12, 42, 88 and 202 of FIGS. 1-5 in accordance with the
teachings of this invention. Wireless client modules 534-542
provide the functionality of one or more of the client
modules described generally with reference to FIGS. 1-5.

[0140] An embodiment of a multi-channel transmitter
implementing the channel allocation method of this inven-
tion is illustrated in FIG. 15. Multi-channel transmitter 700
comprises two distinct transmission systems 702 and 704
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that share a host processor 706. Each transmission system
702 and 704 comprises a media access controller (“MAC”)
708, a baseband physical layer (“BB PHY”’) module 710, an
RF physical layer (“RF PHY”) module 712 and an antenna
714. The host processor 706 is operably coupled to provide
the raw data (e.g., downstream), without processing, in the
form of a data stream to each MAC 708. In the embodiment
of FIG. 15, synchronization of the channel transmission is
implemented within host processor 706 as an algorithm
within a synchronization device 707. The two transmission
system channels in this embodiment are thus synchronized
by the host processor 706 and provided as synchronized
streams of data to the MACs 708. Synchronization of the
channels within host processor 706 comprises synchronizing
the starting point of the distinct data streams.

[0141] Each of the MACs 708 is operably coupled to
packetize its respective data stream (partition the data into
packets and format it according to the protocol in use by the
transmitter system 702 or 704) to produce a plurality of data
packets, which are then provided to their respective BB PHY
module 710. Each MAC 708 can further encrypt its data
stream and determine a modulation scheme for the data. For
example, the modulation scheme can be orthogonal fre-
quency-division multiplexing. In a multi-MAC embodi-
ment, one MAC 708 can be a master MAC 708, and the
other MAC(s) 708 can be slave MAC(s) responding to
inputs from the master MAC 708. As shown in FIG. 185,
multi-channel transmitter 700 can further comprise connec-
tions 720 between like modules to communicate synchro-
nization and timing data.

[0142] Each BB PHY module 710 is operably coupled to
baseband process its respective plurality of data packets to
produce a plurality of symbols for each of its plurality of
data packets. Baseband processing a plurality of data pack-
ets can further comprise appending a cyclic redundancy
code (“CRC”) to each data packet of the first and the second
plurality of data packets for error correction purposes. Each
RF PHY module 712 is operably coupled to convert its
respective plurality of symbols received from its corre-
sponding BB PHY module 710 into a radio frequency signal.
The radio frequency is an analog signal that is then trans-
mitted from an antenna 714. The radio frequency signals
transmitted from different antennas 714 are transmitted
along distinct channels and can be transmitted contempora-
neously without interfering with one another because the
channels are synchronized to avoid interference.

[0143] Synchronization device 707 implements the algo-
rithm for synchronizing the channel transmission. In the
embodiment illustrated in FIG. 15, the synchronization
module 707 is incorporated within host processor 706.
Synchronization device 707 can be incorporated, in different
embodiments discussed more fully below with reference to
FIGS. 16, 17A and 17B, within a MAC 708, a BB PHY
module 710 or an RF PHY module 712 to perform the
channel synchronization. Synchronization device 707 can
thus be operably coupled to synchronize at least one of:
generating the distinct data streams, packetizing the data
streams, baseband processing the distinct pluralities of data
packets, and converting the distinct pluralities of symbols.

[0144] FIG. 16 is a schematic block diagram illustrating
an embodiment of the multi-channel transmitter of this
invention wherein the channel synchronization is performed
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by a MAC 708. In this embodiment (a two channel embodi-
ment as in FIG. 15), multi-channel transmitter 722 com-
prises a single MAC 708. Two distinct data streams are
generated by the single host processor 706 and then syn-
chronized within the MAC 708. The MAC 708 synchronizes
the packetizing of the data streams and provides two distinct
signals, each comprising a plurality of data packets, one to
each of two BB PHY modules 710. The operation of the
embodiment of FIG. 16 is otherwise the same as the
operation of the embodiment of FIG. 15.

[0145] Synchronizing packetizing of the distinct data
streams within a MAC 708 can comprise synchronizing the
transmission of a first packet in one plurality of data packets
with the transmission of a first packet in the other plurality
of data packets. Synchronizing the transmission of the first
packets in each plurality of data packets can comprise
delaying the transmission of either first packet to match the
transmission time of the first packet of one channel with the
transmission time of the first packet of the other channel.
Alternatively, synchronizing packetizing of the distinct data
streams within a MAC 708 can comprise synchronizing the
transmission of each packet of one plurality of data packets
with the transmission of a corresponding packet of the other
plurality of data packets. A corresponding packet on one
channel can be a closest-in-time packet to a packet on the
other channel. Synchronizing the transmission of each
packet in one data stream with a corresponding packet in
another data stream can further comprise delaying, on a
packet by packet basis, the transmission of either a packet on
one data stream and/or the corresponding packet on the other
data stream.

[0146] FIGS. 17A and 17B are schematic block diagrams
illustrating embodiments of a multi-channel transmitter in
accordance with this invention wherein the channel synchro-
nization is performed at a BB PHY module 710 and at an RF
PHY module, respectively. The BB PHY modules 710 and
RF PHY modules 712, when incorporating the synchroni-
zation device 707, provide channel synchronization by syn-
chronizing the symbol boundaries of the plurality of sym-
bols along the distinct channels. Within a BB PHY module
710 of multi-channel transmitter 730 of FIG. 17A, synchro-
nizing the baseband processing of the distinct pluralities of
data packets comprises synchronizing a symbol boundary of
one or more of the plurality of symbols on one channel with
a symbol boundary of one or more of the plurality of
symbols on the other channel. Synchronizing of the symbol
boundaries can further comprise synchronizing a guard
interval of one or more of the plurality of symbols on one
channel with a guard interval of one or more of the plurality
of symbols on the other channel.

[0147] Channel synchronization can also be performed
within an RF PHY module 712 of a multi-channel transmit-
ter 740, as in the embodiment illustrated in FIG. 17B. As
shown, a single RF PHY module 712 receives, in this
example, two distinct data channels comprising a first plu-
rality of symbols and a second plurality of symbols. The RF
PHY module 712 converts the first and second plurality of
symbols into a first and second radio signal, respectively.
The RF PHY module 712, via synchronizing device 707,
synchronizes the channel transmission by synchronizing the
converting of the first and second plurality of symbols.
Synchronizing the converting of the first and second plural-
ity of symbols comprises synchronizing a symbol boundary
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of one or more of the first plurality of symbols with a symbol
boundary of one or more of the second plurality of symbols.
Synchronizing of the symbol boundaries can further com-
prise synchronizing a guard interval of one or more of the
first plurality of symbols with a guard interval of one or
more of the second plurality of symbols, as in the embodi-
ment of FIG. 17B. The operation of the like components of
FIGS. 15-17B are otherwise the same.

[0148] Channel allocation algorithms have been analyzed
to determine how fairly and efficiently channel resources are
allocated. As a baseline, all even numbered clients are
assigned to a channel A and all odd numbered clients to a
second channel B. The timeslots on each channel were then
given equal durations. For example, if three clients are
assigned to channel A and two clients are assigned to
channel B, the duty cycle of all clients on channel A is 1/3
and the duty cycle of the clients on channel B is 1/2. Packet
sizes were set to 1500 bytes for all clients for which Cn=>30
mby/s and to 500 bytes for all clients in which Cn<30 mb/s.
This analysis is illustrated in FIG. 18.

[0149] The analysis illustrated in FIG. 18 was performed
using four clients consisting of the following:

Client 0 PDA 4o =1 Mb/s

Client 1 SDTV 1y, = 4.5 Mb/s
Client 2 SDTV ry, = 4.5 Mb/s
Client 3 HDTV 143 = 20 Mb/s

[0150] Where 1, is the desired rate for client n. Note that
the packet durations may not match, resulting in some loss
of data rate due to the fixed packet sizes. The duty cycle of
all timeslots is 50% since there are two clients on each
channel; i.e., TSO=TS1=TS2=TS3. For video, this would be
the rate at which video quality was considered to be accept-
able. Note that the actual rate delivered to the client, r_, may
be higher or lower. In this analysis, clients 0 to 2 were given
channels with all combinations of C =6, 9, 12, 18, 21, and
24 Mb/s, while client three was iterated through C;=30, 36,
42,48, 54, 62, and 66 Mb/s. With 6 rates used on clients 0-2
and 7 rates on client 3, the total number of different tests is
6" 3*7=1512. The results of this analysis are illustrated in the
graphs of FIGS. 19 and 20.

[0151] As shown in FIGS. 19 and 20, the y axis provides
the percentage of cases in which the data rate on the x axis
was exceeded, so this is effectively the cumulative distribu-
tion function. Note that the data rate for the PDA (client 0)
was always exceeded for every algorithm considered and for
every rate configuration. It was therefore not graphed.
Further, clients 1 and 2 are nearly identical, so the results for
these two clients are reported only once. There is a small
difference that will show up in later algorithms due to the use
of < or <= in a sort routine which provides a slight bias. This
is still arbitrary so the results of clients 1 and 2 are simply
averaged and reported once.

[0152] A modification to the algorithm allows more varia-
tion in packet sizes. The result of this modification is
illustrated in FIG. 21. This allows the packets in TSO and
TS1 to be identical in size and a maximum length is given
to the respective clients. The packets on TS2 and TS3 are
also allowed to be identical and are provided a maximum
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length. This was done by setting the packet length of the
higher rate of the two channels in the given time slot to the
maximum packet length and setting the packet length of the
other channel in the pair such that the duration is the same.
This is done by scaling the packet length plus MAC and
CRC overhead by the ratio of the channel rates. Notice that
this modification does slightly increase the percentage of
cases in which clients 2 and 3 fail to meet 50% of the desired
data rate. This is due to one of these clients being paired with
the HDTV client, resulting in a packet size of less than 500
bytes. Closer examination shows that the clients that failed
at this level are only slightly lower in rate than a large group
in the previous setup that fall just above 50%. The problem
also goes away when further modifications are considered.
It does point out that giving clients exactly equal packet
lengths may not always be optimal.

[0153] Another modification to the above algorithm is to
sort the clients by desired duty cycle before assignment to
channel A or B. The desired duty cycle is defined as:

4=t 4n/Cn Equation 3

[0154] Once the clients were sorted by desired duty cycle,
the client with the largest d; and the client with second
largest d; were given the first time slot on channels A and B,
respectively, and then the clients with the lowest d; were
paired in time on the second timeslot on channels A and B.
The idea behind this pairing is that channels with similar
duty cycle requirements should have more equal packet
lengths. The results of this sorting were not substantial; they
are mainly included as a step to later algorithms.

[0155] A further modification is to allow TSO and TS2
(TS1 and TS3) to be different lengths. Now the two clients
that want the highest duty cycle and the two that want the
lowest duty cycle are paired. This will generally cause the
first set of timeslots to be lengthened at the expense of the
second set. The question which arises is how to perform this
assignment. This type of problem is solved using a cost
function. A cost function in this case will assign a certain
cost to removing bit rate from a client. The cost of removing
bit rate from a client should be a function of both the present
bit rate and the desired bit rate. It is assumed in the following
derivation that the clients have been ordered by desired duty
cycle, client O having the highest desired duty cycle and
client N-1, the lowest. The cost function used in this
simulation is:

K =tap/ta Equation 4

[0156] The cost function of Equation 4 will assign a high
cost to lowering the bit rate significantly below the desired
rate, but will not change much when the bit rate is higher
than the desired rate. In this sense, it would seem to meet the
fairness criteria, i.e., it will try to give each client sufficient
bit rate. It is important to note that the cost function of
Equation 4 is used for purposes of this analysis only. As will
be understood by those familiar with the art, many other cost
functions are possible, and are contemplated to be within the
scope of the present invention. For example, a cost function
can be used to take into account client quality of service
needs to prioritize service to the clients. As an extreme case,
a cost function can be used to guarantee a minimum band-
width to a client—i.c., such a cost function would become
infinite if that client received less than the set minimum
bandwidth, so this situation would not be allowed to occur.
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[0157] Returning now to the present simulation, the goal
of the channel allocation is now to maximize the total cost
function.  Substituting Equation 2 [r,=C*(T AT+
WN*(TS /Tpcf)] into Equation 4 yields:

K=2r J(Co (T /T AW N (TS /Tpeh)) Equation 5

[0158] If we assume that the MAC overhead is small, then:
K=Tpcf*Zr,/(Co*TSy) Equation 6
[0159] Or
K=Tpcf*Zd /TS, Equation 7

[0160] Finally, note that for N=4, each channel has two
timeslots of equal length. To solve the above problem, we
substitute TS1=TS0, TS2=TS3=Tpcf-TSO, take thc deriva-
tive with respect to TS0, and solve for the maximum. The
solution is given by:

TSO/Tpef=1/(1+sqri(B/A))
[0161] Where

[0162] A=dyo+d,,
[0163] B=d +d,,

[0164] With multiple channel transmit capability, the
embodiments of the present invention provide the capability
to allocate channel usage intelligently to meet the require-
ments desired for a given application. The complex problem
of allocating channel resources in a particular application
has no single solution. However, a data transmission system
implementing an embodiment of this invention can allocate
channel resources in a manner that best fits the level of
quality of service desired for individual clients. How to
efficiently manage the available channel bandwidth (e.g., do
we favor higher bandwidth clients? Do we allow the MAC
to intervene if too many slow clients wish access?) can differ
for different applications and the embodiments of this inven-
tion provide an adaptable means for allocating these
resources.

[0165] FIG. 21 illustrates a channel allocation scheme for
two channels, Channel A and Channel B. The MAC of a
system implementing an embodiment of this invention will
assign clients to Channel A or to channel B in a manner such
that the sum of all the client’s transmission rate on channel
A is closest to the sum of those on channel B. That is,
2Z(Channel A Transmission Rates)-Z(Channel B Transmis-
sion Rates)—>~0. This will ensure a fair balance over both
channels. For example, as shown in FIG. 21, three clients at
54 Mbps on Channel A and one client at 6 Mbps on channel
B is not a desired allocation of channel resources as it will
force three high bandwidth connections to share one chan-
nel. A better approach would be to have two 54 Mbps clients
on Channel A and one 54 Mbps client and the 6 Mbps client
on Channel B. The algorithm for this scheme is easy to
implement. All that is required is to order the clients from the
client having the largest transmission rate down to the client
having the lowest transmission rate. Clients are then added
one at a time to the channel whose transmission sum is
lowest.

[0166] Once all clients have been divided between Chan-
nel A and channel B, the MAC will divide the PCF time
among the clients on each channel evenly. In other words,
each client will be treated equally (For unequal PCF distri-
bution, see QoS Section below). The PCF time assignment
for each channel is static and will remain the same until a

Equation 8
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client joins or leaves the channel. To see how equal time
division is useful requires an understanding of how ABFM
works. ABFM is the central software-layer component that
possesses the sole authority to determine the output bit rate
of a particular stream. ABFM decides which bit rate to use
based on various input factors, some of which are: incoming
raw source bit rate from satellite, client’s ability in display-
ing video, client preferred status and of course available
network bandwidth. The MAC merely provides a venue to
transmit data. It must however, provide ample information
such that the ABFM layer can make intelligent decisions.
More specifically the MAC must provide actual MAC to
MAC throughput values for each client.

[0167] As mentioned earlier, when a client X joins a
channel, the MAC will divide the PCF time evenly amongst
all clients on the channel. This PCF time division will
remain static until a client joins or leaves the channel, with
the exception of QoS. The MAC will profile the current
throughput and relay it back to the ABFM layer so that it can
choose an appropriate bit rate to begin sending data to client
X. If and when client X experiences difficulty in data
reception, it will be reflected in the throughput value sent
from the MAC. The ABFM layer will then downgrade the
stream bit rate accordingly.

[0168] If instead the bandwidth to client X increases (e.g.,
due to higher PHY transmission rate), the throughput to
client X will also increase, even if the incoming bit rate from
the server has not changed. The following example will
illustrate this situation: client X’s throughput is 4 Mbps. The
ABFM layer will stream data at a rate of 4 Mbps to the
client. If the PHY transmission rate increases to 18 Mbps
one of two (2) possibilities will occur, both of which will
result in an increase of throughput reported for client X:

[0169] Scenario One:

[0170] There is an inherent delay between the moment
when the server (application level) initiates a send and when
the MAC actually transmits the packet. During this time,
packets to be transmitted will collect in client X’s transmit
queue within the MAC. As long as this queue contains
pending packets to be sent, the MAC will have data to
transmit if the PHY transmission rate increases. As a result,
it will yield a higher throughput rate.

[0171] Scenario Two:

[0172] When the PHY transmission rate changes from 6
Mbps to 18 Mbps, for example, due to changes in the
propagation environment, the MAC will empty client X’s
transmit queue faster than the server can fill it, since the
server is continuing to send the stream to the MAC at a rate
of 4 Mbps. Client X’s transmit queue becomes empty. In this
situation the MAC has allocated PCF time for this client but
has no data to transmit. To ensure that no PCF time is
wasted, the remaining time will be divided into two parts,
with one part redistributed to the other clients and the other
part amended to the DCF period as shown in FIG. 22. This
will allow other clients to increase their throughput if this
pattern continues to occur. Note: this redistribution of time
occurs in the same period that an empty transmit queue was
detected (that is, after all clients have transmitted for this
period, the next time around the initial static PCF time
distribution will be restored and the process repeats over and
over).
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[0173] Now that the unused PCF time has been recycled,
the MAC must report an increase in throughput to client X.
Actual throughput has not really increased since the MAC
ran out of data to transmit, but it can increase since the PHY
transmission rate increased. The MAC must trick the ABFM
layer into thinking that a throughput increase has occurred,
so that it will upgrade the bit rate of the stream and take
advantage of the higher throughput. The MAC will report
the throughput of client X as if the MAC was transmitting
during the PCF time that was recycled to DCEF. L.e., client
X’s throughput=PHY transmission rate*(time spent trans-
mitting to Client X before queue emptied+time recycled to
DCF). This scenario can continue to happen every second
until the ABFM layer actually upgrades the bit rate to client
X. Client X can then fill its transmit queues at a rate that
keeps it non-empty, thus making use of all available band-
width.

[0174] CQuality of Service (QoS) is the server’s way of
giving priority to a particular client. QoS based priority is
useful, for example, for “preferred” customers who have
paid for more bandwidth or for clients who desire to reserve
additional bandwidth for themselves (e.g., parents use pre-
ferred over their children’s use). For the MAC this simply
means allocating additional PCF time to a client. As dis-
cussed above, in PCF Time Division, when a client joins a
channel the PCF time is divided evenly among all clients. IT
a client requires QoS based priority, the MAC will reserve
a percentage of the overall PCF time to the QoS client and
the remaining PCF time can be divided among the other
clients. For example, as shown in FIG. 23, the remaining
PCF time can be divided equally among the non-QoS
priority clients. The details of exactly how much PCF time
is reserved must still be determined, as well as what types of
selections are available to the server for QoS priority clients.

[0175] In a transmit system having two transmit channels
operating at the same time in accordance with the teachings
of this invention, packet matching is performed by the
MAC. One way to perform packet matching is to have the
server pre-package all data packets in small denominations
(e.g., 500 bytes). The MAC can then group these packets
together as needed to compose the size required for a good
match. An alternate solution is to have the server pre-
package data packets in large denominations (e.g., 4
Kbytes). The MAC can then fragment these packets as
needed to construct a match. The first approach has the
advantage of moving the fragmentation to the server, keep-
ing the MAC simple. However, it does incur the overhead of
the server having to send more packets. The second
approach requires the MAC to perform the fragmentation,
which will yield a more accurate match, but is also consid-
erably more complex to implement.

[0176] The embodiments of the present invention provide
for moving clients amongst channels and for changing client
access to the available channels (e.g., by removing an
individual wireless device from having access to any and all
channels). This capability is desirable because of the
dynamic nature of wireless devices and their widely varying
bandwidth requirements. For example, HDTV may require
between 12 and 20 megabytes per second (MBPS) while
SDTV requires 3 to 6 MBPS. PDA’s typically may require
only half of the bandwidth required by HDTV or SDTV.
Additionally, MPG Il/cable may require 2 MBPS while
DVD’s may require 6 to 12 MBPS.
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[0177] A first determination to be made for a wireless
device being granted access to a WLAN is therefore a
determination as to which channel to allocate to the wireless
device. This allocation includes the step of assigning the
client to a channel from the active channels. Typically, there
are two channels to choose from. However, the present
invention can be scaled for a greater number of channels.
Two channels are typically used because of hardware cost
limitations.

[0178] The simplest case for channel allocation involves
allocating the same channel(s) to each client device. How-
ever, client devices may have different data rate require-
ments. At some point, lower bandwidth clients do not
transmit or receive, creating dead time within their alloca-
tion. To remedy this situation, it is desirable to match clients
according to their data rate to avoid slower data rate clients
from receiving too much data, resulting in buffer overflows,
while higher data rate clients are receiving too little amounts
of data.

[0179] Another aspect to be considered in channel alloca-
tion decisions is power or airtime allocation. Typically
wireless devices are relatively close to the base stations or
access points. However, there may be instances where
several of the wireless devices are close to the access points
while one or more are located far away from the access
points. In such a situation, the power associated with indi-
vidual channels becomes a matter of concern not only for
network performance, but because of power usage.

[0180] For example, when numerous low bandwidth
devices are coupled to a WLAN along with a high band-
width device such as an HDTV, one channel may be
assigned to the HDTV while the remaining devices are
assigned the remaining secondary channel. However, if a
low bandwidth device is located far from the base station or
access point, a determination can be made as to what airtime
resources the far device needs and can reasonably receive.
Large bandwidth devices located close to the base station
may actually require less airtime than a low bandwidth
device that is remotely located. For these reasons the DCE,
1st come 1st serve process, fails, while a PCF technique may
be utilized to optimize bandwidth, signal strength, airtime or
other like factors. PCF is thus preferable for large bandwidth
clients, and for clients that require special signal strength or
airtime considerations.

[0181] Wireless communication systems are typically
designed for non-multimedia data transmissions. The
embodiments of the present invention provide for high data
rate transmissions, such as are associated with multimedia
and video applications, within any network environment.
Channel resources can be allocated based on the varying
needs of multiple client devices and the desires of a user so
as to ensure that channel resources are distributed in a
systematic manner. For example, channel resource alloca-
tion can be prioritized arbitrarily, or can be prioritized in
accordance with a preset criteria. Further, channel resources
can be allocaled in accordance with a weightling system, or
can be distributed evenly. Alternatively, any other distribu-
tion scheme can be implemented and is contemplated to be
within the scope of this invention. Although the above
description discusses a two-channel device, multiple chan-
nels may be used.

[0182] The present invention provides for a method and
apparatus for channel allocation in a WLAN that overcome
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the problems of prior art channel allocation methods and
systems. As one of average skill in the art will appreciate,
other embodiments may be derived from the teaching of the
present invention, without deviating from the scope of the
claims.

What is claimed is:

1. A method for channel allocation in a wireless local area
network (WLAN) among a plurality of clients, the method
comprises:

assigning at least one client of the plurality of clients to a
channel of a set of active channels; and

for each of the set of active channels having the at least

one client of the plurality of clients assigned to the

channel, determining an access time for each client of

the at least one clients based on an access time factor.

2. The method of claim 1, wherein the assigning at least
one client further comprises:

determining available channel capacity of the set of active
channels determining desired channel consumption of
the multiple clients; and

when the available channel capacity is equal to or greater
than the desired channel consumption, assigning mul-
tiple clients of the plurality of clients to multiple
channels of the set of active channels.

3. The method of claim 2 further comprising:

when the available channel capacity is less than the
desired channel consumption, scaling the desired chan-
nel consumption of the multiple clients to produce a
scaled channel consumption; and

assigning the multiple clients to the multiple channels of
the set of active channels based on the available chan-
nel capacity of each of the set of channels and the
scaled channel consumption.
4. The method of claim 3, wherein the scaling the desired
channel consumption further comprises at least one of:

scaling the desired channel consumption based on a linear
scaling function of a ratio between the available chan-
nel capacity and the desired channel consumption;

scaling the desired channel consumption based on default
scaling parameters: and scaling the desired channel
consumption based on a consumption prioritization
scheme.
5. The method of claim 1, wherein the assigning at least
one client further comprises:

determining desired channel consumption of the at least
one client;

determining available channel capacity for each of the set
of active channels;

determining whether one of the set of active channels has
the available channel capacity equal to or greater than
the desired channel consumption; and

when the one of the set of active channels has the
available channel capacity equal to or greater than the
desired channel consumption, assigning the at least one
client to the one of the set of active channels.

Jul. 1, 2004

6. The method of claim 5 further comprises:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, determining a channel of the set
of active channels having the most available channel
capacity; and

assigning the at least one client to the channel of the set
of active channels having the most available channel
capacity.
7. The method of claim 6, wherein the determining access
time further comprises:

determining available access time of the channel of the set
of active channels having the most available channel
capacity; and

adjusting the desired channel consumption of the at least
one client based on the available access time.
8. The method of claim 6, wherein the determining access
time further comprises:

allocating access time for existing clients on the channel
of the set of active channels having the most available
channel capacity and the at least one client based on the
access time factor.

9. The method of claim 5, further comprising:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, determining a channel of the set
of active channels that can support existing clients and
the at least one client with a least reduction of quality
of service of the existing clients and the at least one
client; and

assigning the at least one client to the channel of the set
of active channels that can support existing clients and
the at least one client with a least reduction of quality
of service of the existing clients and the at least one
client.

10. The method of claim 5, further comprising:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, scaling the desired channel con-
sumption of existing clients assigned to the set of active
channels and of the at least one client to produce a
scaled channel consumption; and

reassigning the existing clients and assigning the at least
client to the set of active channels based on the avail-
able channel capacity of the set of channels and the
scaled channel consumption.

11. The method of claim 1, wherein the determining
access time for each client of the at least one clients based
on an access time factor further comprises allocating equal
access time to the each client of the at least one clients.

12. The method of claim 1, wherein the determining
access time for each client of the at least one clients based,
on an access time factor further comprises allocating
unequal access time to the each of the at least one clients
based on desired channel consumption of the each of the at
least one clients.

13. The method of claim 1, wherein the determining
access time for each client of the at least one clients based
on an access time factor further comprises allocating
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unequal access time to the each of the at least one clients
based on desired quality of service of the each of the at least
one clients.

14. A method for prioritizing channel allocation in a
wireless local area network (WLAN) among a plurality of
clients, the method comprises:

determining client requirements for at least one of the
plurality of clients;

determining channel capacity of at least one channel of a
set of active channels of the WLAN with respect to the
at least one of the plurality of clients;

determining an allocation factor for the at least one of the
plurality of clients based on the client data require-
ments of the at least one of the plurality of clients and
the channel capacity of the at least one of the plurality
of clients;

assigning one of the set of active channels to the at least
one of the plurality of clients based on prioritization of
the allocation factor for the at least one of the plurality
of clients; and

for each of the set of active channels having the at least
one client of the plurality of clients assigned to the
channel, determining access time for each client of the
at least one clients based on an access time factor.

15. The method of claim 14, wherein the determining
client requirements further comprises at least one of:

receiving a message from the at least one client regarding
the client requirements;

providing a request for the client requirements from the at
least one client; and

retrieving default system administration settings for the
client requirements.

16. The method of claim 14, wherein the assigning one of
the set of active channels further comprises:

assigning the one of the set of active channels based on a
modulo pairing of the at least one client with another
client of the plurality of clients.

17. The method of claim 14, wherein the assigning the one
of the set of active channels further comprises:

determining duty cycle consumption of a time slot of a
plurality of time slots for the at least one client based
on the allocation factor, wherein an access controlled
time period of the one of the set of active channels is
divided into the plurality of time slots; and

assigning at least one time slot of the plurality of time
slots to the at least one client based on the duty cycle
consumption.

18. The method of claim 17, wherein the assigning at least
one time slot of the plurality of time slots to the at least one
client based on the duty cycle consumption further com-
prises selecting the at least one time slot to correspond in
time to another time slot of another channel of the set of
active channels supporting another client of the plurality of
clients having a similar duty cycle consumption as the at
least one client.
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19. The method of claim 18 further comprises:

establishing a packet size for transmission to the at least
one client during the at least one time slot based on the
duty cycle consumption.

20. The method of claim 19 further comprises:

scaling the number of bytes in a packet to the another
client such that the packet rate to the at least one client
is similar to the packet rate to the another client.

21. The method of claim 17 further comprises:

adjusting duration of the time slot of the plurality of time
slots based on the duty cycle consumption of the at least
one client.

22. The method of claim 21 further comprises:

assigning another client of the plurality of clients to a time
slot of a plurality of times of another channel of the set
of active channels, wherein duration of the time slot of
a plurality of times of another channel is different than
the duration of the time slot of the plurality of time slots
assigned to the at least one client.

23. The method of claim 14, wherein the determining

access time further comprises at least one of:

allocating equal access time to the each client of the at
least one clients; and

allocating unequal access time to the each of the at least
one clients based on at least one of client requirements
of the each of the at least one clients and desired quality
of service of the each of the at least one clients.

23. The method of claim 14 further comprises:

detecting a change in the client requirements to produce
changed client requirements; and

determining a new allocation factor based on the channel
capacity and the changed client requirements.
24. The method of claim 14 further comprises:

detecting a change in the channel capacity of at least one
channel to produce a changed channel capacity; and

determining a new allocation factor based on the changed
channel capacity and the client requirements.
25. An apparatus for allocating channels in a wireless
local area network (WLAN) among a plurality of clients,
comprising;

a processing module; and

a memory operably coupled to the processing module,
wherein the memory includes operational instructions
that cause the processing module to:

assign at least one client of the plurality of clients to a
channel of a set of active channels; and

for each of the set of active channels having the at least

one client of the plurality of clients assigned to the

channel, determine access time for each client of the

at least one clients based on an access time factor.

26. The apparatus of claim 25, wherein the operational
instructions further comprise:

determining available channel capacity of the set of active
channels

determining desired channel consumption of the multiple
clients; and
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when the available channel capacity is equal to or greater
than the desired channel consumption, assigning mul-
tiple clients of the plurality of clients to multiple
channels of the set of active channels.
27. The apparatus of claim 26 further comprising opera-
tional instructions that when the available channel capacity
is less than the desired channel consumption:

scale the desired channel consumption of the multiple
clients to produce a scaled channel consumption; and

assign the multiple clients to the multiple channels of the
set of active channels based on the available channel
capacity of each of the set of channels and the scaled
channel consumption.
28. The apparatus of claim 27, wherein scaling the desired
channel consumption further comprises at least one of the
following steps:

scaling the desired channel consumption based on a linear
scaling function of a ratio between the available chan-
nel capacity and the desired channel consumption;

scaling the desired channel consumption based on default
scaling parameters; and

scaling the desired channel consumption based on a
consumption prioritization scheme.
29. The apparatus of claim 25, wherein operational
instructions further comprise the steps of:

determining desired channel consumption of the at least
one client;

determining available channel capacity for each of the set
of active channels;

determining whether one of the set of active channels has
the available channel capacity equal to or greater than
the desired channel consumption; and

when the one of the set of active channels has the
available channel capacity equal to or greater than the
desired channel consumption, assigning the at least one
client to the one of the set of active channels.
30. The apparatus of claim 29 wherein operational
instructions further comprise the steps of:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, determining a channel of the set
of active channels having most available channel
capacity; and

assigning the at least one client to the channel of the set

of active channels having most available channel
capacity.

31. The apparatus of claim 30, wherein operational

instructions that determine access time further comprise
instructions to:

determine available access time of the channel of the set
of active channels having the most available channel
capacity; and

adjust the desired channel consumption of the at least one
client based on the available access time.
32. The apparatus of claim 30, wherein operational
instructions that determine access time further comprise
instructions to:
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allocate access time for existing clients on the channel of
the set of active channels having the most available
channel capacity and the at least one client based on the
access time factor.
33. The apparatus of claim 29 wherein operational
instructions further comprise instructions that:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, determine a channel of the set of
active channels that can support existing clients and the
at least one client with a least reduction of quality of
service of the existing clients and the at least one client;
and

assign the at least one client to the channel of the set of

active channels that can support existing clients and the

at least one client with a least reduction of quality of

service of the existing clients and the at least one client.

34. The apparatus of claim 29 wherein operational
instructions further comprise instructions that:

when none of the set of active channels has the available
channel capacity equal to or greater than the desired
channel consumption, scale the desired channel con-
sumption of existing clients assigned to the set of active
channels and of the at least one client to produce a
scaled channel consumption; and

reassign the existing clients and assigning the at least
client to the set of active channels based on the avail-
able channel capacity of the set of channels and the
scaled channel consumption.
35. The apparatus of claim 25, wherein determining
access time for each client of the at least one clients based
on an access time factor further comprises the steps of:

allocating equal access time to the each client of the at

least one clients.

36. The apparatus of claim 25, wherein the determining
access time for each client of the at least one clients based
on an access time factor further comprises the steps of:
allocating unequal access time to the each of the at least one
clients based on desired channel consumption of the each of
the at least one clients.

37. The apparatus of claim 25, wherein the determining
access time for each client of the at least one clients based
on an access time factor further comprises the steps of:

allocating unequal access time to the each of the at least
one clients based on desired quality of service of the
each of the at least one clients.
38. An apparatus for prioritizing channel allocation in a
wireless local area network (WLAN) amongst a plurality of
clients, comprising:

a processing module; and

a memory operably coupled to the processing module,
wherein the memory includes operational instructions
that cause the processing module to:

determine client requirements for at least one of the
plurality of clients;

determine channel capacity of at least one channel of a
set of active channels of the WLAN with respect to
the at least one of the plurality of clients;
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determine an allocation factor for the at least one of the
plurality of clients based on the client data require-
ments of the at least one of the plurality of clients and
the channel capacity of the at least one of the
plurality of clients;

assign one of the set of active channels to the at least
one of the plurality of clients based on prioritization
of the allocation factor for the at least one of the
plurality of clients; and

for each of the set of active channels having the at least

one client of the plurality of clients assigned to the

channel, determine access time for each client of the

at least one clients based on an access time factor.

39. The apparatus of claim 38, wherein operational

instructions to determine client requirements further com-
prises instructions to:

receive a message from the at least one client regarding
the client requirements;

provide a request for the client requirements from the at
least one client; and

retrieve default system administration settings for the
client requirements.

40. The apparatus of claim 38, wherein operational

instructions Lo assign one of the set ol active channels [urther
comprises instructions to:

assign the one of the set of active channels based on a
modulo pairing of the at least one client with another
client of the plurality of clients. (even ID to ch A, odd
ID to ch B)

41. The apparatus of claim 38, wherein operational

instructions to assign the one of the set of active channels
further comprises:

determining duty cycle consumption of a time slot of a
plurality of time slots for the at least one client based
on the allocation factor, wherein an access controlled
time period of the one of the set of active channels is
divided into the plurality of time slots; and

assigning at least one time slot of the plurality of time
slots to the at least one client based:

on the duty cycle consumption.

42. The apparatus of claim 41, wherein operational
instructions to assign at least one time slot of the plurality of
time slots to the at least one client based on the duty cycle
consumption further comprises:

selecting the at least one time slot to correspond in time
to another time slot of another channel of the set of
active channels supporting another client of the plural-
ity of clients having a similar duty cycle consumption
as the at least one client.
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43. The apparatus of claim 42 further comprising opera-
tional instructions to:

establish a packet size for transmission to the at least one
client during the at least one time slot based on the duty
cycle consumption.
44. The apparatus of claim 43 further comprising opera-
tional instructions to:

scale number of bytes in a packet to the another client
such that packet rate to the at least one client is similar
to the packet rate to the another client.
45. The apparatus of claim 41 further comprising opera-
tional instructions to:

adjust a duration of the time slot of the plurality of time
slots based on the duty cycle consumption of the at least
one client.
46. The apparatus of claim 45 further comprising opera-
tional instructions to:

assign another client of the plurality of clients to a time
slot of a plurality of times of another channel of the set
of active channels, wherein duration of the time slot of
a plurality of times of another channel is different than
the duration of the time slot of the plurality of time slots
assigned to the at least one client.
47. The apparatus of claim 38, wherein the operational
instructions to determine access time further comprise at
least one operational instructions to:

allocate equal access time to the each client of the at least
one clients; and

allocate unequal access time to the each of the at least one
clients based on at least one of client requirements of
the each of the at least one clients and desired quality
of service of the each of the at least one clients.
48. The apparatus of claim 38 further comprising opera-
tional instructions to:

detect a change in the client requirements to produce
changed client requirements; and

determine a new allocation factor based on the channel
capacity and the changed client requirements.

49. The apparatus of claim 38 further comprising opera-
tional instructions to:

detect a change in the channel capacity of at least one
channel to produce a changed channel capacity; and

determine a new allocation factor based on the changed
channel capacity and the client requirements.
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