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g (57) Abstract: The ultra-wideband communication system (10) includes a transceiver (12, 14) configured to receive an ultra-wide-

band communication signal (33, 35, 38, 40), which has embedded power level data (52, 54, 56, 58). A measurement circuit (27, 29)
S~ in the transceiver measures the strength of the received signal. An attenuation factor (15) is computed that compares the measured
signal strength to the data embedded in the signal. A feedback circuit uses the attennation factor to select a power level for a next
transmission. In a preferred configaration, the transceiver also has a positioning circuit (25, 31) that is used to accurately determine
the distance from the transceiver to the source of the communication signal, and the feedback cirenit uses the distance to tune the
power level for the next transmission. In another preferred configuration, a bit error rate is used to set power ]evel for the next trans-
mission.
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28 March 2005 WD 02/ 27964 PCTI USO1/ 30765 -1 COVMUNI CATI ON SY&faes #1081 d of
The I nvention The field of the present invention is wreless comrunication
systens. More particularly, the present inventd i F
power nmnagement for use &X/ﬂ (2/27964 aAd debal mmlmﬁml@@ﬂlliﬂﬁwwmmﬁs
Background O The Invention Wreless connunlcation systens are changing the
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comuni cation with famly, friends, and co-workers. As nore features are
added to these nobile wreless devices, users are able to receive a w der
variety of information to facilitate enhanced entertainnment and to nore
efficiently solve business problens. Data, such as conputer files,
graphics, video, and nusic nmay now be sent froma renote |ocation and
received at nobile wireless devices. Such wi de area uses generally require
a series of 15 fixed transceivers arranged to comrunicate with the nobile
w rel ess devices. In such a manner, the wireless device is enabled to
comuni cate so long as the wireless device renmains in contact with at

| east one of the fixed transceivers. Not only is the use of such wi de area
systens expandi ng, but the use of local wreless comrunication systens is
al so growi ng. For exanple, wireless devices in a single 20 building, such
as a residence, may be configured to share information. Such |ocal wreless
conmuni cation systens nay enabl e conputers to control peripherals wthout
physi cal connections, stereo conponents to communi cate, and al nost any
appliance to have access to the Internet to send and receive information.
The anmount of data being sent on both wide and | ocal comrunication systens
is 25 nushroonming, and may quickly exceed the bandw dth available in the
traditional communication bands. It has been recognized that a relatively
new conmmuni cati on




t echnol ogy, "ul tra-w deband" may provide assistance in meet§ Mgrehkd0éyer

i ncreasing 28 March 2005 WD 02/ 27964 PCT/ USO /30765 -2- bandw dt h demands.
For exanyle2/21968. Patent No. 6,031,862, entitled "U tra- METEBFET65

Conmmuni cati on System and Met hod”, discloses a comuni cation system using an
i mpul se radio system Inpulse radio is a formof ultra-w deband

comuni cation using individually pulged nonocycles enmtted at fractions of
nanosecond intervals to transmt a di.gital signal. 5 The pul ses are
transmtted at extrenely | ow power density |levels, for exanple, at |ess
than - 307db to -60 dB: The so small that the
typically exist in the noi & %ﬁg}fﬁ#ﬁg&sﬁ traditional comrﬁni cation
syst ens. “Am-uttrasw-deband-TommunTcat romTsysten enabrEs T eomini catton at a
very high data rate, such as 100 negabit per second or greater, when
operated in a small |ocal area. 10 However, since the ultra-w deband
communi cati on systemneeds to avoid interfering with the nore established
conmuni cati on frequencies, theFigld OfThe daveatidnsyst em nmust operate at
extrenely | ow power, typically transmtting signals at the.noise |evel.
Accordi ngly, Tercheld Uft the dpmﬁ@ﬂsaﬁdemghl isi wireleseb@hunieation Gyseni.n More as
conpared to the nore tra i.onal continuous_wave or carrie baseﬂbastems.

15 Si nc@agisslitlyetop preserddnaiipn rlafente dypamie R pewenTRanagRmGN: enpse tem
the systgem_ wfﬁé%%nm\ﬁﬁmﬁﬁé%oh' ?ﬁgnantenna sites to cover a geographic area.
Wth so nany antennae operatfng simultaneously, nobile transceivers are

| i keby to be receiving communication signals fromseveral transmtters
including transmitters in adjacent cells and transmitters in nore distant

cells. Wth every cell poteBacRéroindOETN IiFepfi@nal s from so many
transmtters, 20 conmuni cation channels nust be geographically separated to
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whi | e a té drese mahderiviteless deviesisgurats araybledo tmm@amdpbvas@ty ef infyymptipR @i ved.
Si de t t
B R 5 e STASE R p G 20kl o=

such as computer files, graphics, video, and music may now be sent from a remote Jocation

and received at mobile wireless devices. Such wide area uses generally require a series of
15 fixed transceivers arranged to communicate with the mobile wireless devices. In such a
manner, the wireless device is enabled to communicate so long as the wireless device
remains in contact with at least one of the fixed transceivers.
Not only is the use of such wide area systems expanding, but the use of local
wireless communication systems is also growing. For example, wireless devices in a single
20 - building, such as a residence, may be configured to share information. Such local wireless
communication systems may enable computers to control peripherals without physical
connections, stereo components to communicate, and almost any appliance to have access
to the Internet to send and receive information. '
The amount of data being sent on both wide and local communication systems is
25  mushrooming, and may quickly exceed the bandwidih available in the traditional
communication bands. It has been recognized that a relatively new communication

technology, “ultra-wideband” may provide assistance in meeting the ever incfeasing




ln any known conventional cell, utilized bandwi dth varies 2&Marghgi0fi on of
30 user demand. Since user demand can vary greatly fromone tine period to
anot her ,\WoHWaR@64are likely to be times when a particul ar PEBUBYX7@r eat | vy
under-utilized, and other tinmes when that sanme cell is saturated, thereby
causi ng undesirable drops in transmi ssions, connection 28 March 2005 -3
refusals, and quality degradation. In,conventional communication signals,
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more distant cefls. With every cell potentially receiving signals from so many transmitters,

20 communication channels must be geographically separated to minimize the occurrence of

* channel interference. For example, if a particular channel is used in cell, that channel may

not be usable in any other cell within several miles. Accordingly, since only a relatively

small subset of communication channels is available in each cell, the bandwidth of the

overall communication system is substantially reduced. .

25 Also, wireless communication systems suffer from a “near-far” problem, where a

near transmitter’s signal can overpower and saturate a receiver while a far transmitter’s

signal may be too weak to be reliably received. Since an ultra-wideband communication
system has.so many antenna sites, the severity of the near-far problem is exacerbated.

In any known conventional cell, utilized bandwidth varies as a function of

30 user demand. Since user demand can vary greatly from one time period to another, there

| are likely to be times when a particular cell is greatly under-utilized, and other times when

that same cell is saturated, thereby causing undesirable drops in transmissions, commection




attenuation factor using the decoded information and the ndaMaréd2005r engt h;
determning a new power |evel responsive to the attenuation factor; and
setting the new power level for a second ultra-w deband signal; and
encoding on the second ultra-w deban8l-signal information indicative of the
new power |evel. According to another aspect of the present invention,
there is provided an ultra- w deband transceiver, conprising: a transmt

circuit L ft flrst ul tra-w deba 5 -3a signal to
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w deband transcei ver "adjacent to the first ultra-wd deband transcel ver
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transcei ver a signal to cause the second cell size to be increased to
include at |east a portion of the abandoned area, the bandw dth usage of
the second cel |l being i ncr &28uBaryef The Inventionhodi ment of the
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bandwidth utilization. To meet the stated objective, and to overcome the disadvantages in

known communication systems, an ultra-wideband communication system is disclosed.
According to one aspect of the present invention, there is provided a method for
setting a power level for an ultra-wideband communication signal, comprising: setting an
initial power level for a first ultra-wideband signal; encoding on the first ultra-wideband
signal information indicative of the initial power level; receiving the first ultra-wideband
signal at a receiver,; measuring the strength of the received first ultra-wideband signal;
decoding at the receiver the information indicative of the initial power level; generating an
attenuation factor using the decoded information and the measured strength; determining a
new power level responsive to the attenuation factor; and setting the new power level for a
second ultra-wideband signal; and encoding on the second ultra-wideband signal
information indicative of the new power level.
According to another aspect of the present invention, there is provided an ultra-

wideband transceiver, comprising: a transmit circuit for transmitting a first ultra-wideband




of the received signal. An attenuation factor is conputed Zhdardidfares t he
nmeasured signal strength to the data enbedded in the signal. An adaptive
circuit uses the attenuation factor to select a power |level for a next
transmission. In a preferred configdaation, the transceiver also has a
positioning circuit that is used to accurately determ ne the distance from
the transceiver to the source of the connunication signal, and the
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of monitoring the bandwidth used by the first fixed ultra-wideband transceiver; reducing the

first cell size responsive to the bandwidth exceeding an acceptable usage level, a portion of

the first cell being abandoned to reduce bandwidth usage by the first cell; and

communicating to the second fixed ultra-wideband transceiver a signal to cause the second

cell size to be increased to include at least a portion of the abandoned area, the bandwidth

usage of the second cell being increased.

Briefly, an embodiment of the ultra-wideband communication system includes a
transceiver configured to receive an ultra-wideband communication signal, which has
embedded power level data. A measurement circuit in the transceiver measures the strength
of the received signal. An attenuation factor is computed that compares the measured signal
strength to the data embedded in the signal. An adaptive circuit uses the attenuation factor
to select a power level for a next transmission. In a preferred configuration, the transceiver
also has a positioning circuit that is used to accurately determine the distance from the

- transceiver to the source of the communication signal, and the adaptive circuit uses the
distance to tune the power level for the next transmission.

Advantageously, the ultra-wideband communication signal enables accurate

selection of power levels to optimize the efficiency of the communication system. More




with the present invention is illustrated. The ul tra-w debdh¥admfA®ai cati on
system 10 25 general |y conprises a plurality of ultra-w de transceivers
confi gur¥® ®8™% ansnit and receive ultra-w deband comuRfEISIBHIE gnal s.
The conmuni cat.i on system 10 enpl oys a method of adjusting the power |evel
~of transmtted conmunicati on signals to reduce transm ssion power |evels
to the | owest acceptable level. In a particul ar exanple, the power level is
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however, it wll be appreciated that the transceiver units nmay be

al ternativel y constructed. Br{&q)egégg_%&?b\fqrhelﬁpa%g e constructed to be 10
positioned in a wreless on device such as a
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|ncI{@udeaco@rdaha@sfmah?mmtmvé&mn]'he transmt circuit 16 is constructed to
generate an ultra-w deband comuni cati on signal such_as signal 33. The 15
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exanpl e gkln‘gi one of a discrete nunber of power |evels.
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signal 33 is communicated via power tactor 52. One or re data packets,
‘such asﬁmsmk@vermﬂcqma@anc@mthrtheprhﬁnplmaemﬁon; act or 52 in the data packet

43 header | n{: 5P a%dwcfhgl[t oﬁég%)ap%ve power regl?lahgx{ r%fel%od m accordance with the

present invention; and
FIG. 6 is a flowchart of another adaptive power regulation method in accordance

20 with the present invention.

Detailed Description Of The Invention

Referring now to FIG. 1, an ultra-wideband communication system 10 in accordance

with the present invention is illustrated. The ultra-wideband communication system 10

25  generally comprises a plurality of ulira-wide transceivers configured to transmit and receive
ultra-wideband communication signals. The communication system 10 employs a method

of adjusting the power level of transmitted communication signals to reduce transmission
power levels to the lowest acceptable level. In a particular example, the power level is first
roughly selected to be at one of a limited number of values, and then fine-tuned to a more

30  optimal level.




enbodi ment, the power factor 52 is a six bit representati oA®darelh005ower

| evel used to transmt signal 33. Accordingly, the signal 33 can be
transm tWOdP2879dne of sixty-four 25 selectable power | ePETASUIGHGHal 33 is
recei ved by a receiver, such as ultra-w deband receiver 20 in transceiver
14. Receiver unit 20 is coupled to neasure and conpared circuitry 29, which
measures the strength of the receiveg_signal 33. For exanple, the neasure
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- signal fRcErbaAbQ el fn the signal 33. In a preferred embodiment, the signal 33 transmits

digital data communication information, which may be packetized according to known

20  techniques. Accordingly, the power level set for transmitting signal 33 is communicated via
power factor 52. One or more data packets, such as data packet 43, may contain the power
factor 52 in the data packet 43 header information, for example. In a most preferred
embodiment, the power factor 52 is a six bit representation of the power level used to
transmit signal 33. Accordingly, the signal 33 can be transmitted at one of sixty-four

25  selectable power levels. _

Signal 33 is received by a receiver, such as ulira-wideband receiver 20 in transceiver
14. Receiver unit 20 is coupled to measure and compared circuitry 29, vkrhich measures the
strength of the received signal 33. For example, the measure and compare cirouit 29 may
measure the peak voltage on the received signal. It will be appreciated that several

30 = alternatives exist for measuring the strength of the received signal 33.

The receive circuit 20 and the measure and compare circuit 29 also cooperate to

decode the power factor 52 from the data packet 43, and compare the measured strength of




20 data packet 49 as power factor 58. Accordingly, with onP§Mareegp0s
comuni cation iterations, the |owest selectable power |evel havin
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bet ween two transceivers. However, the selected power is selected to be at,
for exanple, one of sixty-four selectable power levels. It is preferable
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FG 1 S’f gn“?el&tsc%%weg ?e;[vielopor %%lg%taf % 1v91thwthe power level of signal 40 embedded in
20  data packet 49 as power factor 58. Accordingly, with only a few communication iterations,
the lowest selectable power level having acceptable attenuation is used for establishing the
communication link between two transceivers. -
However, the selected power is selected to be at, for example, one of sixty-four
selectable power levels. It is preferable that the transmit power level be more accurately set
25 to assure the lowest practical power level is selected for transmission. Accordingly,
transceiver units 12 and 14 include location circuits 25 and 31, respectively, which are used
to accurately determine the geographical position of each of the transceiver units.
It is a well known feature of ulira-wideband communication systems that highly
accurate geographical positional information is discernable from signals received from at
30 least three ultra-wideband transmitters having known geographical position. Typically, the
transceiver having an unknown location receives ultra-wideband signals from three fixed

ultra-wideband transmitters, with the signals sent from each transmitter embedding the
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position can be assigned to a fiIXx receliver as shown in
geogr apliixed trapspwited. dFhindistahee inforaation s fetidack ®© the trausmit eiredt 1®© The

receiver,, as sh i.n_.bl.ocks 94 and 96. Prefer the. positjop is.encoded
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appreciated that the preferred embodiment initially uses 32 different selectable power levels

20 - to transmit each signal, but other numbers of selectable power levels may be used.

Referring now to FIG. 2, a method 80 of using an ultra-wideband communication
system is described. Method 80 initially sets a power level for a signal and encodes that
power level in a data packet to be transmitted with the signal as shown in block 82. The
signal having the encoded power level is transmitted to a receiver in block 84. Block 86

25  shows that the receiver measures the power level of the signal and éxtracts the encoded
power level from the data packet. The measured power level is compared to the encoded
power level and an attenuation factor is calculated in block 88.

The attenuation factor is used to determine a new power level as shown in block

102. The attenuation factor may also be used to generally calculate a distance from the
30  source of the transmitted signal to the recciver of the signal. This estimated distance may be

used in a later calculation to more carefully tune the power level. With the new power level
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to gelecting a power level, the actual distance between the transmitter and the receiver is

20 used in a calculation to more precisely set the power level. It will be appreciated that the

rellationship between distance and transmission power is well known. Accordingly, the
method of Fig. 2 enables the power level to be precisely minimized to maximize system-
wide bandwidth, while still assuring reliable communication and reducing undesirable near-
far effects.

25 Referring now to FIG. 3, a particular use of an ultra-wideband communication
system 120 is described. Communication system 120 includes fixed transmitter 122 and
fixed trapsmitter 124. Fixed transmitter 122 has an original cell size 126 indicated by a
generally circular line on FIG. 3, while fixed transmitter 124 has an original cell size 132.
Mobile users such as users 133, 134, and 136 are scattered within cells 126 and 132.

30  Control circuitry at one or both of the fixed transceivers 122 and 124 monitor the bandwidth
being utilized in each cell. Depending upon bandwidth utilization, the cell size can be

adjusted to include more users in a cell or exclude users from a cell. For example, if fixed




t he bandwi dth of adjacent cells, and dynanically adjusting2% Nerghotl®5 | evel
transmtted from the fixed transceivers, -bandw dth usage can be | evel ed
across adRfitftcati on system 120, resulting in greater PEFABAVIOTEY st em

- bandwi dth. 15 In a particular exanple of the present invention, an adaptive
power regulation nethod is provided to enable robust and reliable

ul tra-w deband comuni cations. Generaly, the adaptive power regulation
met hod t a b I t d

) ust s (oo B fiBRATIAE TolRt RE Do iodi i) VARSIGES (OGRS, gl

at t enuattiansceivin d 22 daipbé instrpaedto wagumitadtiadowmepdiot, thsredm reffettivelyyredeciog i bed

cynohr one aBsRCRARTZR of 5 AR B 1450 Sideotie eAl e DR s dhse 1 he

at t enuatdoffinUlver a@ler@wvlﬁélﬁ will am&ea;ﬁ $ddBe thel BhBuEHf BRAWENE UsER Bt BREPNPASS
one or nore UWB pul ses. the key 'sequence contains only one pulse, then

it mist tepasesiverildd dH@prr: uﬂ@ansmwngr&om etiginabes leﬁkﬁ@owm ¢ﬂ11§1:vpa12189 | f

a seque f he tr veI ded t he
equonca iRl 362 dndEd conSeldr RV shtE abfPRo BRG clncon
of the aAgbidingle &f ﬁké&trhjiuibiwbﬂlﬂm is padusiag 1w1dammﬂécebewazbleyzelsﬁmjmnt ed by
using a digital representatlon of the predefined power levels. It is

pr ef er ailxedt Fosesieer ol 24, wopld, by %Iwuﬁﬁeé&efmﬁ@asepﬁwweé\l@feé ‘ragprpisHiang §o t he
nunber %clﬁ&@%@fabﬁg%ng@‘ﬁ@rs %?L%’:YIGAS bﬁﬂﬁ#]h@ Pe’?r ﬁ3r3s neeaﬁ Qangn@f lo\PfrgH&I(é 4 ! evels

being a suit di screti zati evel P hear
sequénceizeadd ia cymgdehtendvhatll tize 130, Biyriearasing thetruerbes of teess tnocellhi3g,

D b U g A B 10 B, RERh BN b o
-decodes th&Band®idR o€ Adj2Qe e, A d%%ﬁi’caﬁgE H&Qilg/ tﬁ@é@@ef kel teB¥miRAYRRcE, 1t

can cal cul ate the attenuatlon pr oduced the path between transmtter and
recei verﬂle fikes! traveesivess, b@adwﬂﬂeusagesq;dmjlevded heroksey cammueingnystono0i ng its
-out put r 3 .| evel tthat vertcoge "(15511 attenuation. The systemis

constrai ﬁél Ereate gxerall gystefp opnd init the transnitted power of the 5

key 1sequence Th . phirdiehlat @xauplieCof HeSprbfnt Rvemibh, i REAPHRVHGRS - ref@atiddi S
reason, the initral power |evel before the fi rst conmuni cation I s

est abl i SPREBPG 1Y un:rewsléd atooneblg 2robust end reliplle| wltwfwidpkanda pemyunicei@®nss shows
a suit ag:“v : ?/Cﬂh@tagéﬁﬂl &%‘9&%} r(g%ﬂa\ﬁ%n rﬁ(%ﬂgoccf‘&'et 13&%e g uanbﬁ‘ St \6? e
0 overco erse uare a

desi gne enuation (0 nver se quart
at t enuatifagsmission path and adjusts the power level of the transmlssmn adaptively based on this

attennation. The adaptive power regulation method is more fully described below.
20 In the adaptive power regulation method, a key sequence synchronizes transmitter
and receiver and allows the receiver to sense the atfenuation suffered by the transmission.
This key sequence can encompass one or more UWB pulses. If the key sequence contains
only one pulse, then it must be of fixed amplitude, and the receivers must know this value.
If a sequence of pulses is used, the transmit power level is encoded in the sequence. The
25  encoding of this information is made totally independent of the amplitude of the individual
pulses and is preferably implémented by using a digital representation of the predefined
power levels. -
It is preferable to have a multitude of predefined power levels. Optimally the
number of predefined power levels should be greater than 16, with 64 levels being a suitable
30  discretization. The levels need not fall in a linear sequence, and a sequence that is not linear
is better suited to this application. Level 1 is defined as the least attainable power and level

64 is the highest attainable power. Once a receiver measures the power of and decodes the
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out put \gwivtes it aclatjoddgn(a Buvigre Rap (BBERpmuth &iwer thses predefiredehresinid),s. 28
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key sequence. A received signal fromthe
Some communication sessions are less sensitive {o BER than others (e.g., video is

less sensitive than numeric data). This approach takes advantage of this variable sensitivity
20 and adjusts the BER threshold based on the data type being transferred.

In this approach, both the receiver and the transmitter store the last power level used
at the close of a communication- session. This power level is then used as the first
approximation for the power level of the next communication session between that
particular pair. If no ¢ommunication has occurred for a predefined amount of time, then

25  power level 32 is used instead of the last power level used.

In an environment with mmlfiple transmitter towers, this approach keeps the top few
power levels available to the tower on reserve. These high power levels can be used to
overcome mobile obstacles that produce temporary deep fading of the signal. They can also
be used to allow for adaptive adjustment of the area serviced by the tower. This use of the

30  top power levels allows an overburdened tower to hand-off some of its mobile users to
neighboring towets by stepping back on its power output while the adjacent towers tap into

their reserved power levels.




transmitting cell is conpared to a threshold level in blocR8MmchZMd if the
received signal is above the threshold, the strength of the received
signal i WOBAMWre in block 156. It the received signal &683SAHIHeet the
m ni mum t hreshol d, then a default value for the power |evel is selected,
as shown in block 158. 10 Since the signal transnmitted fromthe cel
transmtter has an encoded power |evell]l- the encoded power |evel, and ot her

i nf or mat i on, Referfieg adwdo RGNS hmethod disy o aéalﬂmgltrahgmlshb@@bwéﬁﬁvellﬁt ag known
t echni qsgqr% a bit-error-rate (BER) is calculated for the received

t ransni Widehal sewmpgisation syt ssheWpatkanatapd, 156y 2 sammunication dek 160.

If the e sanpl e
e tr ariiped by 86t i b (S0RR KRl IBARR ARG btk b8 et rhe RARR, B0

t he rreaslsmed ningfoes a somenagd lcharmet ofrparaasmitting el tqammjtteﬂ e atlovdetosleck f r om

t he recisg (z gnal nd an .attenuation factor is cal cul ted h%ﬁligé t he

at t efuat PG 0\7%‘?“1?"&/ pr &Y SEQUEYCS. or At FRSEIN tSIW]a $o

The sel thhﬁ‘rﬂmﬁ)@/\@éﬂ i %Mﬁbaﬂeﬁ {6 Q%@%ld RvEhg bﬁ)@élm‘so hnd ﬁ%@f&&%@ Ggpal is

transm ssi on, hown i n block 163, and the selécted power [evél is set
on the tabamthetth@shold, tblecatncngtbmf the Ge@ivedkignebds wBBsure fiudlacktl§6t hIé the

sel ectiqn_of annel wll. rec t.-h nex a stre a
communi R b ABR ot holf it Betfoly BB % Hesh Rue 1 Bhimoned |
made onle\}aaisseﬁeﬂe@cdseﬁomﬁnmebk1% shown in bl ock 169, or if no channel S
yet allocated, a query transm ssion is made on the conmand channel, as
showd i n bl oSkcedhe sgnelfsnspiied from the celh smpesitienhassamerneded pewer lsvdler

| ndi cat el LihoBLP ggwgﬂﬁfj&:velz%nge&ﬁérrlh ?)gmgﬁéﬁﬂ, 49 de i:o%edﬁﬁdpr@ HEt 04 3% I

adapting transm ssion power |eve ul’t nd - comruni

syst em ibdockhiiin. Uding itmmhmdiecﬂnﬁﬁlues, Imeblt-almr-mtec@ﬁs)frslcalohrawﬁsm s Mmpai/ver
| evel from a artlcul ai device is used to nore effectively set the power

| evel f&'fanﬁml’é 172 1% blpels 1y The BER iconypgrmfo; Tl iy lpck %/%allftﬂ}ec%ﬁﬁﬂs user
or devi g Bi?ﬁ%ké%?stelﬁ'loéﬂ%%@k &wbﬁeﬂm%@ i Sanfle BRAAB Rt srﬁgﬁﬁg Bhe

out goi ng neSsage.” The time since |as [ransm ssion Is querd
182 1and Bt eedptableathenrin block d6d) the mtasutadnegrdhsteigih ds comparbé tseéhg f or

exanple to m.nut e, .l ) prela ed that . an [ t reshold
mmy e aperisHel gépied et s poctisd e BT A8

02/ 2796 4h S EhBRARAFE 2 poer levél @séw@éasmael@ﬂt #ARnRAGRRA. Made Wi t hi n the
threshold, the |ast slccessful transnission power level is recalled in

bl ock 184. | fThe feleptad powenteyel sstnsndedsinothe glatiefor Hbe phigeing transmission, as
shown in block 163, and the selected power level is set on the transmitter in block 164.

20 Blocks 165-169 illustrate the selection of the channel that will receive the next data stream.
Ifa commumcatlon channel has already been selected, then the transmission is made on that
selected channel, as shown in block 169, or if no channel is yet allocated, a query
transmission 1s made on the cooimand channel, as shown in block 168. Either way, the
transmission is made at the power indicated in block 164:

25 Referring now to FIG. 6, a method 180 of adapting transmission power level for an
' ulfra-wideband communication system is shown. In method 180, fhe last successfil
transmission power level from a particular device is used to more effectively set the power
Tevel for the next transmission. As shown in block 181, a particular user or devicé receives

an incoming communication or desires to send an outgoing message. The time since last

30 transmission is queried in block 182 and compared to a time threshold. The time threshold
may be set, for example to 1 minute. It will be appreciated that an appropriate threshold

~may be set for different applications and environments.




threshold, then the power level is set to a default |evel a&Mad#P%n bl ock
183. The sel ected power level is encoded into data to be transmtted in

bl ock 1880 BR#Phe data transnitted at 5 the sel ected poREF/USBYHIEY n bl ocks
187 and 190. A reply to the transmssion is expected in block 193 and 194.
1f no response is received, then the power level is increnmented by one

| evel, up to the maxi num |l evel, as shgwn in block 191. If a reply is

recei ved, thep 4 hensh@WRh haYSlecHakAdd Hohihh e %%ﬁéﬁ&' OBk didcdegoded in
bl ock 197. An attenuation factor and BER are cal cul at éd as descri bed above
in bl ocﬁ@nmmmuowme@% racewembicmkll% Ifithe lnet BERMiSSidnGh oviside fhertimeim

t hr eshol l,evel, t evel

o etV sndal\EP pabuf RO et iR ab S 1RGN B sttt Rt 195 7 Sbtegted

“met hod  130ref FevElUB iei€bdell Enfor ARSI teSi@BmRRMEA blRKElS5! shd 1he dhawRSEmARERPt abl e
level. If the BER is above the threshold, then bl ock 189 uses the

at t eAuatthselaciadipawendevel Heblogks 187 andek98r i repln i e trrowmissioa ieexpgied d tllheh ne>r<]t
but ¢ e Tk 193 o 184S TPAE rosbbuds 1ErBUGE IR 8 pbivet b shctpBhed by Shy, [\ 1

may havdetel) 1ipeto| fhe meadadnolevyl, a6 slgdwil jh blbickhde1! HE aBlRlyi is rdepedddreh thet only
on signal quall ut al so SI nal .content,, the nmethod 180 is able to set

the | ondSienlere @H%W@?W ggpal {sfesadedhinplosksi¥ssi on conditions and
signal data Mtf‘eﬂhahﬁﬁct%k bhd BERI dﬁ?g%ﬁl@lﬁlg{eﬁ a\ﬁ“dleéc B ﬂ‘e%%c%c@@tl% hea

present invention can be practice an t erred
enbd@i ndf6sresgmctvelnr éf ﬂleeﬁ’éﬁhmtielow a hinsmdestbrésholddevel cb]nenpnr pogle8mfthe

|IIustrat|onadnt limtat.ion, .and t r nvenlonlsll ted
ol o by ToHE 1P ol She, Rty msian Y A Pentaist Bhs BREL 4t RSihie. phe Rkl .
parti cultﬁém@ﬂmb@dsm 'tﬁ&’etﬁa%ﬁﬂsshd’h Pdves levdBRLth ISwWaR adR gtasleq&teﬂ CE thoe
invention as well. 28 March 2005 WD 02/27964 PCTI USO1/ 30765 WHAT IS CLAI MED
|'S: -13BER 75 shevedle ftbneslg)édtﬁhﬂg blockhf@rusee the attenuation fﬁctqraand,i tbel@eﬁi%lto
comuni cat.i Sj setting an initial

FOTTUM Blettho sohe Power 1R '8! B nch irbhbflodh, ' Pot sfionfley F g BERalL: 5o

i nf dsmatthosy isnélaﬁaély\/lﬁg@,f biithe BER b ahly ntigBily loweettie BBReﬂhwsmgdt ﬂﬁnfthé st

ul tra-w deband signal at a receiver; measuring the_st ren(gt h of the received
first ulPPWet kvelapanbats fgrhg increased only slightly. Since the BER is dependent not only

on signal quality, but also signal ¢ontent, the method 180 is able to set the lowest acceptable

power level to match transmission conditions and signal data content.
One skilled in the art will appreciate ;:hat the present invention can be practiced by
20  other than the preferred embodiments which are presented in this description for purposes of
illusfration and not of lmitation, and the present invention is limited only by the claims
which follow. It is noted that equivalents for the pafticular embodiments discussed in this

description may practice the invention as well.




decoding at the receiver the information indicative of the2§ MashsdO05ower

| evel ; &,?Peoggnerati ng an attenuation factor using the decoded information
and t he (P%&d strength: deternining a new power | evePCTASHYHS e to the
attenuation factor; and setting the new power |evel for a second

ul tra-w deband signal; and  encoding on the second ul tra-w deband si gnal
information indicative of the 15 newlpower |evel. 2. The nethod according

to cl ai wiAfTustdEeAIVBDIIgdi ng the steps of : receiving at a receiver
ultra-w deband signals froma plurality of transmtters; 20 determning a

geogr aphi ¢ pgsi ti Qnfedodt f2¢ sa%ﬁgia;@u{#gh@@nfppﬁnnhﬁ%-%;eﬁoxn@&om&]wcaﬁ | deband

signals; extracting transmtter-p ormatiron froma selected one of
r ecei vedignal, cdmhp@sing:deband si gnal s; conparing the geographic position of
the receiver to the .selected transm.tter 25 position jnformation;

det ermi ni ng an ac?%ﬁ‘f‘gﬁ?g{l é’@wﬁtglFﬂé?f’%%tW@g“e‘?”@@?a“ s#%elhe sel ect ed

trangmtter; and_ gaidasdd bk Fest DRM-PRUEInd el %rffﬁ?r%?ﬂﬁhﬂ?caﬁ% biYgeact ual

di stance. 30 3. The nmethod according to claim e the encoding step
i ncl udes conidelpiomer tavel;i nitial power level to a digital value and

transmtting the digital,val ue,to 1 receiver. 28 March 2005 WD 02/ 27964
PCT/ USOL/ 30765 - 138V e gl Bl gﬁaﬂgcsc‘ﬁ}}ahf“rf’gwf’%"?ﬂ aim1 where the

encodi ng step i nchidesingandbardshorileretdodaist Meraofidédand kiahdl al power |evel
in a data packet, where the data packet is transmtted to the receiver. 5.

The met hod accor dAfpding & ithe repeivenes iafosmatien indinstive eighhe indtinl pavrulguel;
detggting a peak YOIhARE anB¥Ehualbn Bfor G MEGecbilPitotnbfisi Mqiggand signal.

measured strength;
determining a new power level responsive to the attenuation factor; and
setting the new power level for a second ulfra-wideband signal; and
encoding on the second ultra-wideband signal information indicative of the

15 new power level.

2. The method according to claim 1 further including the steps of :
receiving at a receiver ultra-wideband signals from a plurality of
- transmitters;
20 determining a geographic position for the receiver using the plurality of
ultra-wideband signals;
extracting transmitter position information from a selec;ted one of received -
ultra-wideband signals;
comparing the geographic position of the receiver to the selected transmitter
25 position information;
determining an actual distance between the receiver and the selected
{ransmifter; and

adjusting the new power level responsive to the actual distance.

30 3. The method according to claim 1 where the encoding step includes
converting the initial power level to 2 digital value and transmitting the digital value to the

feceiver.




6. An ul tra-w deband transceiver, conprising: a transnit cifareh 2
transmtyii n(g a first ultra-w deband signal to a receiver the transmt

circuit YOHPEZMed to transmit- the first ultra-w deband ECFARO13763

sel ectable power level; an encoding circuit for enbedding a first power
value in the first ultra- w deband signal, the power val ue being indicative
of the selected power level; 15 a recdédving circuit configured to receive a
second ul tra-w deband signal, the second ultra-w deband signal having a
second enbedded power value; a measuring circuit generating a neasured

val ue indi catd ve ofhetmeshed scsprging tefclaimHewhese diecenaedingisiap e signal; a
conput at | . Clal Cli ' Jaf i i 20
compar g eRNE e GE R L BRWELLETTL U ph G Sk BB R T
t hat useasmbbRtedtd eruaddiwm factor to select a new power |evel that the
transmt circuit will transmt a next ultra-w deband signal, the new power
l'evel® bei ng enbedded in the next ultra-w deband signal. 25 7. The

Lranscel ver accor difagudflofdRbMtdk to b 1knGaHRAL RbAMring 8P R N9 ci roui
for generating geographical position data 1 ndicative o e actual

posi t i ordetebtinghepealavrdiage lesel; ofdghatiesdiestcfrstultravwitichnod figgeir ed to recei ve
position data indicative of the position of a renbte transmtter, and to
determ ne the actual distance fromthe actual 30 position of the

transceiver tg theyd @ivEdtyA0%hdcbREs, caRgrivigr ei n the feedback circuit is
.configured to receive data indicative of the "actual distance and adjust

t he lfew pover in mdmpsmieiret fongrangnitting aifiest wireevidggndmignnl 1o @ae-eivBr02/ 27964
compr i s eyt et g eF i Ay Ol MRS R R e
size, tlhpwektlestl; transceiver having a first bandw dth;
an encoding circuit for embedding a first power value in the first ultra-
wideband signal, the power value being indicative of the selected power level;
15 a receiving circuit configured to receive a second ultra-wideband signal, the
o second ultra-wideband signal having a second embedded power value;
a measuring circuit generating a measured value indicative of the strength of
the second ultra-wideband signal;
a computational circuit generating an attenuation factor responsive to
20  comparing the measured value to the second power value;
a feedback circuit that uses the attenuation factor to select a new power level
that the transmit circuit will transmit a next ultra-wideband signal, the new power level

being embedded in the next ultra-wideband signal.

25 7. The transceiver according to claim 6, further comprising;:
a positioning circuit for generating geographical position data indicative of
~ the actual position of the transceiver,
a distance circuit configured to receive position data indicative of the
position of a remote transmitter, and to determine the actual distance from the actual
30 position of the transceiver to the remote transmitter; and
wherein the feedback circuit is configured to receive data indicative of the

actual distance and adjust the new power in response to the actual distance.




a second fixed ul tra-w deband transceiver adjacent to the £fMgarch2005

ul tra-w deband transceiver having a second cell size, the second
transcei VO Y#4%ng a second bandwi dth: a controller inpl E&BHPHPPhe steps
of nonitoring.the bandwi dth used by the first fixed ultra-w deband
transceiver; reducing the first cell size responsive to the bandw dth
exceeding an acceptable usage | evel ,-1& portion of the first cell being
abandoned to reduce bandw dth usage by the first cell; and communi cating
to the second fixed ul tra-w deband transceiver a signal to cause the
second cell $ize th® WEaividehand eomupyricaion systeqt CPBABYNG portion of the

abandoned ar ea, 't o B RRgE BlasliSerRORY 8y Bk ghpor ea5ed. O

The nethod according to claim ereln reduci irstce si ze
i ncl udesranstetvenrhavingya fitse bindvwadthf | xed ul tra-wi deband transceiver to transmt

at a_l ow power 20 |evel 0, The pethod agcordjng to claim9, wherejn a
si gnal transmtteﬁsﬁﬁpngt@e%i“} Wldﬁg’;r}ddla\ﬂ??f‘é’f%ﬁ agend Hthe firdplirmpidegend dat a

i ndi cat iRscRfvel BB AONRONEEell S¥E the second transceiver having a second bandwidth;
a controller implementing the steps of
monitoring the bandwidth used by the first fixed ulira-wideband
transceiver; _

10 reducing the first cell size responsive to the bandwidth exceeding an
acceptable usage level, a portion of the first cell being abandoned to reduce
bandwidth usage by the first cell; and

communicating to the second fixed ultra~wideband transceiver a
signal to cause the second cell size to be increased to include at least a
15 portion of the abandoned area, the bandwidth usage of the second cell being

increased.

0. The method according to claim 8, wherein reducing the first cell size
includes instructing the first fixed ultra~-wideband transceiver to transmit at a low power
20 level

10.  The method according to claim 9, wherein a signal transmitted by the first

ultra-wideband transceiver includes data indicative of the low power level.




