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57 ABSTRACY

A yusthed for data transmission over Hrst and second media
that overlaps 1o frequency includes computing one or nwore
time division multipie access {TDMA) time-slot channels to
be shared between the first and second media for data
transmission; alocating one or more time-slot chanuels to
the first medium for data transmission; allocating one or
more of the remainng time-slot channels o the second
medium for data transmiission; and instructing transceivers
for the first and second media 1o communicate only in their
allocated time-slot chaanels.

16 Claimns, 6 Drawing Sheets
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CHANNEL INTERFERENCE REDUCTION

BACKGROUND

The invention relates to interence.

The number of products incorporating the recently
approved Bluetooth wireless standard 15 expected to explode
during the first couple vears of the pew milleoniem. Blue-
tooth, which esiablishes wireless conpections between
devices such as mobile phones, PDAs, and headsets, oper-
ates at relatively low data rates over short distances using
very little power. On the other hand, IEEHE 802.11 15 a
wireless LAN standard approved by IEEE a couple vears
ago aud operates at higher data rates over longer distances
using more power. Compantes today are strongly beuefiting
from using 802.11-compliant wireless LANs 1o support
efficient ruobile comuunications between handheld data
collectors and corporate [S databases.

to minimizing RF channel

Because of a high demand for both wireless PANs and

LANs, it’s important that 1
close proximity. A current prob
standards operate in the same 2.4 GHz wadicensed radio band
and equally use frequency bopping modulation. This com-
monality poses a strong potential for radio frequency inter-
ference.

Bluetooth and 802.11 coexist in
lem, though, is that the two

nterference happens when Bluetooth and 802.11 devices
trapsmmit at the same time near each other. This causes a
destruction of data bits, pro mp{ifxg the system to retransimit
entire data packets, A wireless LAN node {(like Bluetooth or
802.11) that works on a principle of carrier sensing will not
transmit when it senses other stations fransmiiting. If placed
i close proximity to 802.11-based wireless LANs, Blue-
tooth conld cause lnterference. Modern LANs keep working
despite such interference, but performance can suffer. Much
design effort in Bluetooth—inchiding linuts on physical
range and use of spread-spectrum freguency hopping—went
toward avoiding conflict with other transmission schemes.

The lkelihood is that Bluetooth prodacts will likely jam
the op(‘ratior‘ of 802.11, not the other way around. The
reason is that Bhuetooth hiops through frequencies 600 times
faster than $02.11. While an 802,11 device is fransmitting of
a particular frequency, a nearby Bluctooth product will most
fikely interfere with the 802.11 transmission many times
before the 802.11 device hops to the next frequency. This
barrage of radio signals emanating from Bluetooth products
could senonsly degrade the operation of an 802.11 network.

Additionally, other wireless products such as GPS can
also cause imterference. Bluetooth works in the 2.4-GHz
range of the radio band, which is not licensed by the FCC
and 1s inhabited by cell phones, baby monitors and the IEE:
802.11 LAN. With mulnple mdependently operated radio
frequency systews, poteniial problems arise, including sel
jamming, inter-modulation products, increased shielding
requirements, tight Bltering requirements, among others. For
exaruple, the Bluetooth band is around 2.4 Ghz. One of the
cellular bands is around 900 Mhz. In many Bluetooth
trapsyuitters, the waveform s modulated at 1.2 GHz and
multiplied by two to get to 2.4 GHz band. Additionally, a
number of wireless transceivers use local oscillators that are
at around 1 to 1.1 GHz 1o give an intermediate frequency
(IF) of about 160-200 MHz The RF frequency is thus about
1.2 GHyz. Hence, when Bluetooth and wireless transceivers
operate simulianecusly, potential RY interference problems
exist.
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SUMMARY

In one aspect, a method for data transmission over first
and second media that overap 1 frequency includes com-
puting one or more time division multiple access {TIMMA)
time-slot channels to be shared between the first and second
media for data transmission; allocating one or more time-
slot channels to the first medium for data transmission;
allocating one or more of the remaining time-slot channels
0 the second ruedium for data transmission; and iosiructing
transceivers for the first and second media to communicate
only in their allocated time-slot channels.

friplementations of the above a%peot may include one or

ore of the following. One of the medium conforms o an
\f}b 11 specification, while the other medium conforms to a
Binetooth specification. The first and second media operate
at approximately 2.4 gigahertz. The system can also (a)
deterruine a desired -c:‘/ei of service for one of the media
during 2 trausmission; and (b} dynamically adjust 3 nuaber
of tire siots assigned to the media dunng the transmission
to remain within 1 nits of said desired level of service. The
dynamic adjusting can further include determiining available
time-slot res urces; de‘(ectmg the medium that fails 1o meet
d desired level of service; allocating the mediwu to a

onfiguration having additional time slots; and transmitting
an additional channel assignment Hes5age inciuding infor-
wmation on the allocated configuration with the additional
time slots. The trausceivers for the fiest ;md second media
can be ipstructed to communicate only in their newly
allocated time-slots. in a second aspect, a method for data
transmission over first and second media that overlap in
frequency iuchudes se]ecting one of the fiest and second
wmedia as a common medinm; and vouting the data transmis-
sion through the common medinm.

In yet a third aspect, a 2 method for data trapsmission over
first and second media that overlap 1w frequency inchudes
selecting one of the first and second redia as a common
medinn; and insteucting trapsceivers for the first and second
media 1o communicate only through the common medium.

Irnplementations of the above aspect may include one or

ore of the following. The method nchxdes communicating
on a short-range radio channel, wherein the <1urt-1ar‘;:,c,
radio channel is Bluetooth or IEEH 802.11 (also kanows a
Wireless Local Area Network or WLAN). The method can
bond the short-range radio chanuel along with several cel-
hadar B frequency Lnanneis to increase bandwidih. The cellul:
channels can oo of an uplink band around 890
MHz and a downlick band around 935-960 MHz.
method can bond two adjacent chanoels. Hach band can be
divided ato 124 pmrs of hequeucv duplex channels with
200 kHz= ier spacing using Prequency Division Muitiple
Access (FIIMA). Another method, Time Division Multiple
Access (TDMA} can split the 200 kHz radio channel into a
plurality of time slots; bonding the time slots: and transmit-
ting and receiving daia in the iﬂonded tire slots. Cellular
pa cket data can be transmitted in accordance with the
following protocols: cellular digital packet data (CIPIN (for
AMPS, 15-95, and 18-136), General Packet Radio Service
{GPES) and EDGE (;J;h&‘l(‘(‘d Data for Global Evolution).

l&dvmﬁtages of the system may wchxde one or more of the
following. The systemn allows aun eund-user of a mobile
wireless device, such as a mobile phone or portable com-
puter, to mimmize interference and thus o tragsmt mes-
sages and information g ’“kly over wireless channels. This
is achieved by time-division t'1u1.1p=c\mg },utcnnalw inter-
fering transumssions Transmission failore is miniized to
eifectively increase usable bandwidth so that content rich

cary
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messages such as multimedia and video files may be trans-
mitted quickly. The system transmits data at ngh effective
data rates and that alleviates latencies concomitant with the
time domain data overday systems.

BRIEF DESCRIFTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of this specification, illustrate embodiments
of the invention and, together with the description, serve o
explain the principles of the invention

FIG. 1A shows a process to wirelessly commimunicate data
over a plarality of media that overiap in frequency.

FIG. 1B shows a process to wirelessly commmunicate data
over a plorality of media that overlap in frequency.

FIG. 1C shows a third process 1o wirelessly communicate
data over a phuality of media that overlap n frequency.

FIG. 113 shows
nels.

s an exemplary process tor bonding chan-

TIG. 10 further illustrates exemplary data transmission
using bonded channels.

FIG. 2A shows a block diagram of a multi-mode wireless
communicator device fabricated on a single silicon inte-
grated chip,

FIG5. 2B shows an exemplary second process to bond
cellular chanpels and 802,11 and Bluewoth channels
together to further increase trausmission speed for the sys-
tem of F1G. 2A.

FIG. 3 is a block diagram of a wireless communications
systerm.

FIGS. 1A and 1B show processes that support wireless
data comymunication over a plurality of transmission media
that overlap each other 1 frequency. (n one embodiment, the
transmuission media include Blue\o"vih and 802.11h media,
both of which operate in the 2.4 GHz unlicensed radio
frequency band. In one eti]b(sdiment, a process 10 apphies a
TDMA process where each transmuitter corumunicates in
accordance with agreed upon time slot. In this embodiment,
a system with }?]uet-,ol}l transeeivers and 802.11 ransceiv-
ers can transmit data over Bluetooth and 802.11 {first and
second) media that overlap, in this case at the 2.4 GHz
frequency band. The process 18 compates one or more fime
division multiple access (TDMA) time-slot channels to be
shared between the first and second media for data trans-
nuission (step 12). Next, the process 10 allocates one or more
time-slot channels to the first medium for data trausmission
(step 14). The process 18 then allocates one or more of the
remaining time-slot channels to the second medinm for data
transmission n (step 16). The process instructs transceivers for
the fiest and second media o comruunicate only in thewr
allocated time-siot chanuels {step 18).

DESCRIPTION

To adjust for guality of service, the process 1§ can
determine a desired level of service for one of the media
during a transmission, and dynamically adjust a number of
time slots assigned to the media during the transunussion to
remain within limits of said desired level of service. The
dynamic adjusting can further include determining available
tirne-slot resources; detecting the wedivm that fails to meet

satd destred level of service; allucatu‘b the medium to a
configuration having a additional time slots, and transmit-
ting an additional chanoel assignment message 1*Jc;udmo
-ntor'mm'\n on the allocated configuration with the ad

<

[

s

o
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nional time slots. The transceivers for the first and second
media can be instructed to communicate only in thetr newly
allocated time-slots.

FI1G. 18 shows a second ernbodiruent, shown as a process
38, to handle data transmission over first apd secc ond media
that overlap in frequency. The process 30 selects one of the
first and second media common medinm (step 32) and
l’O'JK‘Q the data transmission through the common mediunm

tep 34).

In the second erabodiment of FIG. 11, one standard 1

selected as the default communication medivm. For
example if 801,11 standard were the standard medinm,
Bhuetooth data is encoded tnto 802.11 data and transmitted
using the 802.11 wansceiver, and vice versa. As such, the
process 34 1s equivalent to two 802.11 transceivers operating
over the 2.4 GHz band withowt interference.

Turning now to FIG. IC, a third process 70 for data
fransmuission over first and second ruedia that overlaps
frequency 15 shown. The process 78 selects one of the first
and second media as a common medium (step 72) and
instructs transcetvers for the first and second media 1o
omumnicate only through the common medinm (step 74).

The processes 18, 30 and 7¢ can further allow a single
mobile station to transroit on muliple cellnlar frequency
channels that have been “bonded” or linked together for the
purpose of the transnussion. Each channel Lontams one or
wore frames, and 3 sing ]) 3biie station can trausmit on
wultiple time slots of ‘fh me TDMA frame {multi-slot
operation). This resulisin a Vc,ry flexible channel allocation:
one to one hundred twenty four (124) ﬁ*equencv channels (or
one to 62 channels for 200 kiz channel spacing interleaved
systems), with one to eight time slots per 'Z } WA frame can
be allocated for one mobile station. Moreover, uplink and
downlink are atlocated bcpufc“blv which cﬂl iently supports
asymmetric data traffic {e.g., Web browsiug)

First, the process of FIG. 1D receives a request to com-
municate one or more files with a data transmission size
{step 182). Based on the transmission size and known
channel bandwidth, the process computes the number of
frequency channels that are needed {step 164). Next, the
process requests an allocation of celtular frequency channels
from a mobile statior‘ to a base station -stcp i66). In
response, the base station looks up available (open) fre-
quency channels in its memory storage and allocates avail-
able frequency (‘hum(‘}b in response to the request from the
mobile station {(step 188). Information on the allocated
chaunnels is sent to the mobile station to set up ifs fransceiver
to capture data on all allocated chaunels (step 128). The
information can include a hst with chanuel identification or
channel freaue‘nc ,, or alternatively can tuchude a starting
channe! and uaimci spacing, or can include a starting
channel and frequency hopping iuformation, for example.

QOnce the mobile station sends an acknowledgement that
it has set up its RF circuitry to recerve data over a plurality
of frequency chaunuels, the base station can transmit data
over the plurality of freq.}eﬁcy channels (step 124). In this
manner, the allocated frequency channels are bonded
together to communicate data with high bandwidih. Upon
conclusion of data transmission, the mobile station sends a
dealiocation request 1o the base station (step 126), and the
base station i fum veleases the deaflocaied cliannels for
other transmissions or for supporting additional users (step
136).

FIG. 1E further illustrates exemplary data transmission
using bonded channels In the embodiment of FIG. 1E, the
mobile station contains one fransmitter/receiver pair that
transmits on an uplink band around 890915 MHz for the
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uplink (direction from mobile station to base station) and
receives on a downlink band arcund 935-960 Mz for the
downlink (direction from base station to mobile station}. The
25 MHz bands are then divided into 124 pairs of freguency
duplex chanunels with 200 kHz carvier >pacmg using Fre-
quc,ncv Dhvision Multi},l Access "FDMA3 A cell can use

adjacent channels, and the channe} spacing can be said
to be /OU kHz interleaved. TOMA is used to split the 200
kHz radio channel into 8 time slots (which creates 8 logical
chanpels) A logical channel is therefore defined by its
frequency and the TDMA frame ttme slot number,

In one exemplary sequence in the embodiment of FIG.
1K, the mobile station requests two channels, and 1 this
exariple, chaunels 59 and 82 in FIG. 1E at 890.2 Milz and
890.4 MHz are available. The base stanion responds by
sending the 890.2 and 898.4 MMz frequency identification to
the mobile station. The mwobile station in turn updates its
transceiver with the frequency mformation, and the trans-
ceiver can listen for data in all frames associated with the
890.2 and 890.4 MHz channels. In this example, two fre-
quency channels have been bonded together 1o increase
transmission bandwidth.

Although the above example ithistrates a static allocation,
the aliocation of channels can be performed dynamically,
depmd ing on the current traflic load, the priority of the
service, and the mmiti-slot class A load supervision proce-
dure menitors the transmission load in each cell. According
to the current dewmand, the muwber of chaunnels can be
hanged. Chanpels not currently m use by conventional
GOM/GPRS/ED GE', can be allocated 1o increase the guality
of service. When there is a resource demzmd for services
Wiih higher prodty, chanoels can be de- ali d Henee,
channels are only allocated when data packe for
ey are released after t&--u transt issi()n. For
bursty traflic this results in an efficient vsage of wireless
resources and muitiple users can share a group of channels
to obtain the necessary bandwidth.

FIG. 2A shows a block diagram of a multi-ruode wireless
communicator device 180 fabricated on a single silicon
integrated chip. In one implementation, the device 188 is an
integrated CMOS device with radic A\Lque,nc‘« (BF} circuits,
inc:lu ding a cellnlar radio core 118, a phurality of short-range
wireless transceiver cores 130 that can include Bluetooth
cores aud 802.11 cores, and a sniffer 111, along side digital
cirenits, inchiding a reconfignrable processor core 150, a
high-density memory array core 178, and a router 1940, The
high-density memory arrdy core 179 can inclnde various
memory technologies such as flash memory and dynamic
random access ruemory 3RAM), among others, on differ-
ent portions of the memory array core.

The recontigurable processor core 156 can inchide one or
more processors 151 such as MIPS processors and/or one or
more digital signal processors (IDSPs) 153, among others,
The reconfigurable processor core 156 has a bank of efficient
processors 151 and a baunk of DS8Ps 153 with embedded
functions. These processors 151 and 153 can be configured
0 operate optimall fy on speci ific problems and can inclode
butfers on the recei d and buffers on the transmitting
end such the ‘fmﬁmb shows in FIG. 1. For example, the bank
of DSPs 183 can be ()pt mized to handie discrete cosine
transtorms {(DCTs) or Viterbt encodings, among 'ﬂhe\'s
Additionali . dedi ca-.ed hardwar 1 be p‘led“’-
handle specific algorithms in silicon more efficiently than
the programmable processors 151 and 153, The r‘umhex of
active processors 1s cum olled depend'n-s; on the application,
50 that power is not used when it 15 not needed. This
embodiment does not rely on complex clock control meth-

10
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ods to conserve power, since the individual clocks are not
run at high speed, but rather the unused processor is si
tarned off when not needed.

Through the router 198, the multi~mode wireless commu-
nicator device 184 can detect and comununicate with any
wireless system it encounters at a given frequency. The
ronter 199 performs the switch in real tme through an
engine that keeps track of the addresses of where the packets
are going. The router 194 can send packets m Ddt HE
through two or more separate pathways. For example, if a
Bluetooth™ connection is es‘(a'ms}‘(\., the router 190 knows
which address it is looking at and will be able o iromedi-
ately ronte packets using am.ﬂ-u connecion standard. In
doing this operation, the router 196 working with the RF
snitfer 111 periodically scans its radio environment (‘ping’)
1o decide on optumal transmission medium. The router 194
can send some packets in paratlel through both the primary
and secondary communication channel 1o make sure sorue of
the packets arrive at their destinations.,

The reconfigurable processor core 158 countrols the cel-
{odar radio core 114 and the short-range wireless transceiver
cores 130 to provide a seamless dual-mode network inte-
grated circuit that operates with a plusality of distinet and
wnrelated comumunications standards and protocols such as
(Jlobai System for Mobile Communications (GSM), General
adio Service (GPRS), Fuhance Data Rates for GSM
EV olution (Hdge) and Bluetooth™. T}‘ cell phone core 110
provides wide area network (WAN)} access, while the short-
rapge wireless trapsceiver cores i?(} st }" port local area
network (LAN) access. The reconfigurable processor core
150 has embedded read-only-memory (ROM) containing
software such as IHEERG2.11, GSM, GPRS, Edge, and/or
Bluetooth™ protocol software, among olhers,

in one embodiment, the ceflular radio core 110 inchudes a
transmitter/receiver section that is conunected to an off-chip
antenna, The transmitter/receiver section is a direct conver-
sion radio that inclades an Q) demodulator, transmit/receive
oscillator/clock generator, mulii-band power awplifier (PA)
and PA control circuit, and voltage-controlled oscillators and
synthesizers. In another embodiment of transmitter/receiver
section 112, intermediate frequency {IF) stages are used. In
this embodiment, during cellnlar recepiion, the transmitter/
recerver sechion converts received signals o a first tnter-
mediate frequency (IF} by mixing the received signals with
a synth d local oscillator f*‘equenq and then translates
the first IF signal to a second IF signal. The secound I Qiignal
is hard-limited and processed to extract an RSS{ signal
proportional to the logarthm of the amplitude of the second

IF signal. The havd-limited IF sigual is processed to extract

numerical values related to the instantaneous signal phase,
which are then combined with the RSSI sig

For voice rece p ion, the combined signals are processed
by the processor core 158 1o form PCM voice samples kat

are subsequently M,ms,rts,d into an analog
vided to au external speaker or earphone. For data reception,
the processor simply transfers the data over an myu“"‘umut
(IO} port. During veoice transwmission, an off- cn}" nHero-
phone captures analog voice signals, digitizes the signal, and
provides the digitized signal to the processor core 158. The
processor core 188 codes the sigual and reduces the bit-rate
for transmission. The processor core 136 converts the
reduced bit-rate signals to modulated signals such as LLQQ
modulating signals, for example. During data transmission,
the data is modulated and the modulated blgmib are then fod
to the cellular telephone transmitter of the transmitter/
receiver section.

al and pro-

139
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Turning now to the short-range wireless transceiver core
138, the short-range wireless transcetver core 130 contains
a radio frequency (RF) modem core 132 that communicates
with a link controller core 134 The processor core 158
controls the lok controller core 134, In one embodiment, the
RE modem core 132 has a direct-conversion radio architec-
ture with ntegrated VCO and )thuamy synthesizer. The
R¥-unit 132 mchides an RE recetver conuected to an analog-
digital converter (ADC), which in furn is connecied to a
moden performing digital modulation, channel filtering,
AFC, symbol timing recovery, and bit slicing operations For
transmission, the moder is connected to a digital to analog
converter {DAC) that in turn drives an RY transwitter.

The link controller core 134 provides link control ﬁmctii)n
and can be implemented 1n hardware or in firmware. One
erubodiment of the core 134 1s compliant with the Blue-
tooth™ specification and processes Bluetooth™ packet
types. For header creation, the lnk controller core 134
pi:rformq a header error check, scrambles the header to
randomize the data and to minimize DC bias, and performs
forward error correction {(FEC) encoding to reduce the
chaunces of getting corrupted information. The payload is
passed through a cyclic redundancy check {CRC),
encrypted/scrambled and FEC-encoded. The FEC encoded
data is then inseried into the header

In one exemplary operating sequence, a user is in his or
her office and browses a web site on a portable computer
through a wired local area network cable such as an Ethernet
cable. Then the user walks 10 a nearby cubicle. As the user
discounects, the device 168 initiates a short-range conpec-
tion using a Bluetooth™ connection. When the user drives
from his or her office to an ()“T site meeting, the Bluetooth™
counection is replaced with cellular te,]eﬂha)ne connection.
Thus, the device 186 en xabkb easy synchronization and
mobitity during a cordless conpection, and open up po
bilities for establishing quick, temporary { du—hﬂ")
tions with colleagues, friends, or office networks. Appli-
ances using the ie\ ice 100 are easy 1 us since they can be
set to antomatically find and contact each other when within
range.

When the multi-mode wireless communicator device 160
is in the cellular telephone connection mode, the short-range
wireless trapsceiver cores 138 are powered down to save
power. Unused sections of the chip are also powered down
to save power. Many other battery-power saving features are
incorporated, and in particular, the cellular radio core 118
when in the standby mode can be powered down for most of
the ime and only wake up at predetermined instances to read
messages transmitted by cellular telephione base stations in
the radic’s allocated paging time siot.

When the user agrives at the destination, according 1o one
implernentation, the cellular radio core ﬂﬁi uses idle time
between its waking periods io activate the short-range
wireless transceiver cores 138 to search for a Bluetooth™
channel or an 862.11 signal, for example. If Bluetooth™
signals are detected, the phone sends a de-registration mes-
sage to the cellular systern and/or a registeation message {0
the Bluetooth™ system. Upon der ration from the
Iular system, the cellular radic core 118 is turned off or put
mio a deep sleep mode with penodic pinging and the
shoﬁ-rcmve wireless transceiver cove 136 and relevant paxis
of the synthesizer are powered up to listen to the Blue-
tooth™ or the 802.11 channel.

r 1o one implemerntation, when the short-range
¢ 136 in the idle mode detects that the short-
such as the 802.11 and/or Bluetooth™ signals
the device 100 activates the
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cellular radio core 116 to establish a cellniar link, using
information from the latest penodic ping. I a cellular
connection is established and 802.11 and/or Bluetooth™
signals are weak, the device 108 sends a deregistration
message to the 802.11 and/or Rluetooth™ system and/or a
registration message to the cellular system. Upon registra-
tion from the cellniar system, the short-range transceiver
cores 130 is turned off or put tnto a deep sleep mode and the
cellular radio core 119 and relevant parts of the synthesizer
are powered up to listen to the cellular channel.

The router 190 can send packets in parallel through the
>parate pathways of cellular or 802.11 and/or Bluetooth™.
For example, if a B }mamo'}*TM connection is established, the
router 198 knows which address it is looking at and will be
able to immediately route packets using the Bluetooth
standard Simdarly, if the 802 11 connection is established,
the router 190 uses this connection standard. In doing this
operation, the router 194 pings ifs environment to decide on
optimal transmission mediun. i the signal reception is poor

for both pathways, the router 198 can send some packets in
M
paralle} Ll,mugh both the primary and secondary communi-

cation channel \cellul(.r and/or Bluetooth™) to make sure
some of the packets arrive at their destinations. However, if
the signal strength is adequate, the router 196 prefers the
882.11 and/or Bluctooth™ mode to minimize the mumber of
subscribers using the capacity-lir 11{"* and more expensive
celhular system at any give fime. CGnly a small percentage of
the devices 184, those that are remp'\mrﬂv outside the
802.11 and/or Bluetooth coverage, represents a potential
load on the capacity of the celhular sysiem, so that the
mumber of mobile users can be many tirmes greater than the
capacity of the cellular system alone could support.

FIG. 2B shows au exemplary second process 218 to bond
cellnlar channels and 802.11 and/or Bluetooth channels
together to further wcrease transmission speed. The process
219 receives a request {0 communicate one or wmore files
with a data transmission size (step 212). Based on the
transamssion size and known cellolar and 802.11 and/or
Bluetooth channel bandwidth, the process 218 computes the
number of frequency channels that are needed ( C;tep 214).
Next, the process 218 reguests an allocation of cellular
ﬁef'uc,ncv channels from a mobile station to a base statmn
{step 216). In response, the base station looks up available
{open) frequency channels in its memory storage and allo-

cates available frequency channels in response to the request
from the mobile station (step 218). Information on the
allocated chaunels is sent to the wobile station to set up its
transceiver to capture data on ali allocated channels (step
228). (Jnce the mobile station sends an acknowledgement
that #t has set up tts R¥ circuitey to receive data over a
pluraiity of frequency channels, the base station can transmit
data over the plurabity of frequency -:ham]e;s and the 802.11

and/or Bhaetooth channel (step 224). In this manner, the

allocated frequency channels are bonded together to corn-
muicate data with high bandwidth using a plurality of

lur‘b--n.ngc and short-range wireless channels. Upon conchu-
sion of data transruission, the mobile station sends a deal-
location reguest to the base station {step 326), and turns off
the 80211 and/or Bluetooth channel (step 328). The base
station in turn releases the dealiocated channels for other
transmissions (step 338).

FIG. 3 shows a cellular switching system 416, The system
416 has one or more Mohile Stations (M) 412 that can
transmit and receive data on-demand using a plurality of
channels bonded together. The systern 418 also has a Base
Station Subsystern (BSS) 414, a Network and ‘\Wlwmw
Subsystem (NSS}, and an Operation and Support Subsyster
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(Q‘s\\ The BSS 414 connects the MS 412 and the NSS and
i charge of the transmission and reception. The BSS 414
includes a Base Transcetver Station (BTS) or Base Statior
428 and a Base Station Countroler (B8C) 422,

Although specific embodiments of the present invention
have been illustrated in the accompanying drawings and
described in the foregoing detailed description, it will be
understood that the invention is not limited to the particular
embodiments described herein, but is capable of numerous
rearrangements, modifications, and subsixtutions without
departing from the scope of the invention. For example,
although exemplary f*mnodlmcn{x using Bhaetooth, 802.11,
GSM, GPRS, and EDGE are contemplated, the invention is
applicable to other forms of data traunsmission, include
radio-based and optical-based transmission techniques

What is claimed is:

1. A method for data transmission over first and second
media that overlap in frequency, coraprising:

computing one or more time divistion multiple access
(TDMA) time-slot channels to be shared between the
first and second media for data transmission;
ccating one or more time-slot chaunels o the fiwst
medium for data transmission;

allocating one or uore of the remaining time-siot chan-
nels to the second medimm for data transmission; and
dynamically adjusting a mumber of time-slot channels
assigned to one of the first and second media during the
data transmission to remain within imits of a desired
level of service.

2. The method of claim 1, wherein at feast one of the first
and second media conforms to an 802.11 specification,

3. The method of claim 1, wherein at Jeast one of the fix
an(. second media conforms to 2 Rhuetooth specitication.

The raethod of claim 1, further comprising determining
Lhe ueswed tevel of service for one of the first and second
media during the data transmission.

5. The method of claim 1, wherein the dynanyic adjusting
comprises:

determining available

detecting the medivm

of service;
allocating the medivm to a configuration having addi-
tional tme blmb and

transmitting a chaunel assigament message i‘ac‘mding

mfurmaﬁun on the allocated configuration with the
additional time slots.

&. The method of claim 8, further comprising instructing
transceivers for the tirst dud second media to communicate
ouly m their previously presentedly allocated time-siots.
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7. A method for data transmission over first and second
media that overlap in frequency, comprising:

selecting one of the first and second media as a common

medium;

instructing transceivers for the first and second media to
communtcate only through the comamon medium; and
retrving a packet trausmitted theough the cowmmon
reedium at a lower rate 1f the packet 1s not acknowl-
edged after transmission at a first rate.
8. The method of claim 7, wherein at least one of the first
and second media conforrus to an 802.11 specification.
8. The method of claim 7, wherein at least one of the first
and second media conforms to a Bluetooth specification.
16, The method of claxm 7, wherein the packet is iniually
transmitted at the highest rate supported by both media.
1. An apparatus compusing:
a Processor;
a first transceiver coupled 1o the processor 1o comranmni-
cate via a frst medinmg

o0

second trapsceiver \uuph,d to the processor to commu-
nicate via a second medium, wherein at least one of the
first transceiver aud the secound trausceiver is to retry

rission of a packet at a lower rate if a pnu-'
nission of the packet 1s not acknowledged; and
a circuit to dvrar‘vca'ly allocate time-slot channels to one
of the first medinm and the second medium based upon
a desired level of service.

12. The apparatus of claim 11, wherein the processor
comprises an mtegrated circuit having a reconfigurable
processor core that includes a phuwality of digital signal
processors (DSPs).

13. The apparatus of claim 12, wherein the in

cireuit further comprises a router coupled to the ¢
urable processor core.

The apparatus of claim 13, wherein the router i
configured 1o bond a plurality of celivdar frequency channels
and at Jeast oue short-range wireless chaunel.

s
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15. The apparatus of claim 13, wherein the circuit is to
select one of the first medium and the second medium as a
men:hum for data transmission.

COBnNN

he method of claim 1, further comprising instructing
for the first and suuud media to communicate
eir allocated time-slot channels

unly int
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