Title: COVMUNI CATI ON SYSTEM Abstract: The ul tra-wi deband ZoMahiZ98%i on
system (10) includes a transceiver (12, 14) configured to receive an

ul tra-wiwWe-02B8aed conmuni cation signal (33, 35, 38, 40), MI/ERIVMI6Senbedded
power |evel data (52, 54, 56, 58). A nmeasurenent circuit (27, 29) in the
transcei ver neasures the strength of the received signal. An attenuation
factor (15) is conputed that conpares_jthe neasured signal strength to the
data enbedded in the signal. A feedback circuit uses the attenuation factor
to select a power level for a next transmission. In a preferred
configuration, thé transcei W ning circurt (25, 31) that
Is used to accurately deterdﬁ(3 @m%&gﬁﬂr@mtge transcei(ver to)the
sour ce oftte-tommmi-tatTon—srgnar—ant-the feedback TrTeur T Uuses The

di stance to tune the power level for the next transm ssion. |In another
preferred configuration, a bit error rate is used to set power |evel for

t he next trans- m ssion. 28 March 2005 WD 02/ 27964 PCTI US01/ 30765
Field Of The Invention

The field of the present invention is wireless communication systems. More
particularly, the present invention relates to dynamic RF power management for use with an

ultra-wideband communication system.

Background Of The Invention

Wireless communication systems are changing the way people work, entertain
themselves, and communicate with each other. For example, the wide acceptance of mobile
devices, such as the portable phone, has enabled great mobility while enabling easy voice

IG and data communication with family, fiiends, and co-workers. As more features are added
to these mobile wireless devices, users are able to receive a wider variety of information to
facilitate enhanced entertainment and to more efficiently solve business problems. Data,
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 increasing
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signals from several transmitters including transmitters in adjacent cells and transmltters in

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
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ultra-w debacrégr & tot Qr?e gs%le!:tl (Eiy the prgsregta J%nl ent(ijoenC rt c?rg elS tp?oevuiegpg (I:I}Cﬂ?(fd 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
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that yagselvBe Bhii@Rb@ib Mceive 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
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an ultra-w deband comruni cation systemin 10 accordance with the present
invention: 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.
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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
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circuit 16 or selecting the power or signal
the lowest selectable power level having acceptable attenuation is used fo;' 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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FG 1 gjbs?é’n\% i$ desonbed. ﬁl%h{oa%ﬂsi%ft%a?l? s}a‘?s 2] ptt)wher 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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ne of a . set nunber of "avai power® 1'evel's'usi ng an
comuni edhtiomshiprisstess. diStahse gtid niansmission 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
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r egul at iao reveivienend sllows thefreddiver de sense lledathrabation 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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t hr eshol on the data type belng
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.
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factor, a power level IS selected for the next transm ssion. The sel ected

pover |evel iThespledddmomar ivel tﬁa@l‘@tﬁ@rmtﬂhe datix fwithy ouﬁgamgrﬁ@sm@ﬁmnaes s hown

bl ock 16007 i, BRf 103, SELAGEEIRA Bl TURY il Ser 3 B e jlef LBk 1%, ' T
wi | ROr e@boke 1654 69 ikistrdatibe sélmmoftﬁe @mwrmuﬁ m&n&e&m&fi@ﬁmldaﬂaam&hr eady

been seIFct ed, thep the transm ssion is made_on that
a communication 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.




sel ected channel, as shown in block 169, or if no channel #&Masth{0Pocat ed,
a query transmssion is nmade on the command channel, as shown in bl ock
168. Ei tWE&O2E3F} the transnission is made at the power PREUSAVEEST n bl ock
164. 25 Referring nowto FIG 6, a nethod 180 of adapting transm ssion
‘power level for an ultra-w deband communi cati on systemis shown. In nethod
180, the | ast successful transm ssion2power |evel froma particul ar device

is used to ;6 affemidsidl Yas Heeh NBialO Wofthin! ﬁiéelthxfeél{olﬂ hend @ast ducBRSHI SSi on.
As shown in block 181, a particular user or device receives an Incom ng

conmuni densaission powet kewel is realieddn &tockuBgolfithe Imsfsagaussfﬂmes vutside hetiree | ast

The. 11 miERRAS fceiind ak oS vl S8 K aRR IRG FOTRNATA pldicted! TRepdtpged ™ @
“appr eci gjoe@r tehreltis *fccieg e dadd © HelF-@sMted in Insmckbl@ssaid fhedaditfhenpry at

applications and environnments. 28 March 2005 WO 02/ 27964 PCT/ US01/ 30765
-12- 51 f the solepiadrpoyer deveh is bloglen] Sveand 140t hh reniviéo therteanimisaion ihexpegled in

Cranom SR 08 3% GEaPRBbre T ool Be At HhotP Iote R dad Ptk by BB

a def aullevel,axpeio the mbgmnm evhl, e khokidBin ‘EFlaJek sleﬂ ECIEQCtepI?OMﬁécdlﬁ?demenSthenCOdEd
into data to be trapsmitted in bl ock 185 and the data transmtted at 5 the

sel ect ed’oﬁ’éﬁ\}@?’el omhereseived signal isfipcadns in Rlgck ¢k to the transnmission is
expected in Ay aeludits ABRr !u?(fBE far@@alﬁﬁﬁﬁﬁ%?ieécﬁb@&% %%Hbl&c@?@fﬁﬁd power
| evel is increnented by one eve up t he maxi rrum evel, as shown in
bl odk 1996, Iiea‘spea‘uvdpl v the BEE:es bddw atlklmmnuhnethrqshaldrleﬂ'dvlmn, itablack i &mthée

ived si d bl ock ,197. An. attenuat d BER
Cal cul aPOea VRISt AR ATBVRITRR Y GCRenas! ST BB RS e PR EDy . |1

the BER th$mb@bOWs@isfufting4hd i8S S tpdviy $dvel Hﬁﬂﬂe wes@h&%istam%@even hgthaower
| evel for the next transmi ssion is decrenmented one | evel tﬁOSSI

Accor di AR/ is ahave th@tthi@EhOi@Othﬂ@ blagki 189 usee ther attenmitien fmttqmmér ¢ S8t tQ o the

| owest centabl e | evel above t t hr eshol e ck 189
uses t nOEERER L POt i e e pieie Rt &5 RS Stirs GliERafefel {or
t he llsextfadtdiraiﬁ&ﬂ’laﬁ%l?flnglﬁoiﬁutet&afﬁﬁ}?e is bﬂytdm@hajr towBt! 8l BBR lthrdsaslfl Otheh She
relatively hjgh, but the BER is onﬁ@i/ i ghtl over the BER t hreshol d, then
the powerer ksyel mgjatraipede Poisaser ek tlish SR §5. degprlent ROTOMER | s
depende 1 cOhah t hod
180 is % Isgat o@%g%& tb ﬁf‘al?dogi st cacceﬂbitwg %Hédpgévig aﬁlg\%@?&t tﬁ@ﬁ chac'? razgﬁoslﬁfsm on
condi ti cpnweahedel&o gmaihtrtaismlssmntcentﬂ1noﬁm1d$kgdal éata conterte art will appreciate

)

that the pre on c rac b 20 other than the eferred
enbodi mont s 155 Sheo e Tl anpieBed LS eRepRLBHeGR Bt Pp Bushoet by

i1 ygt r@tﬁe?fhaﬁ'ﬂ% ﬁ%@fen%fi ehib%fn?én’t%cﬁ% p&éb%ntl%ﬂ%ﬁﬁ@ dés&‘{ lenpd 0§ebBTt ed
only by the clains which follow It Is”noted that equival ent’s Tor the

part i culiustratidroaidroet of Hindetios eddithe present invention is limited only by the claims
which follow. It is noted that equivalents for the particular embodiments discussed in this

description may practice the invention as well.




descripti on may practice the invention as well. 28 March 280 Klaygh 49527964
PCTIUSO 5\/\HATIS CLAIMED | S: -13 1. A nethod for settinga ower

| evel usfﬁf'ra wi deband communi cation signal, conprPgTW&”%Oé%ci ng an
initial power level for a first ultra-w deband signal; 5 encoding on the
first ultra-w deband signal information indicative of the initial power

| evel ; receiving the first ultra-w deb®nd signal at a receiver; measuring
t he stravghr sfctApvERast ved first ultra-w deband signal; decoding at the
receiver the information indicative of the initial power level; 10
generating an. att ol Nl AL L3HAE 1RG BP SRR WIS LRRuAR:S e
measured strength; determning w power T evel responsive t he

at t enuatsigonal, t@opsing:and setting the new power |evel for a second

ul tra-w deband si | ; and. .encodin econd ul.tra-w deband signal

i nformation indi Cg%%a%m?ﬂg T“Ca'il YFg\ifPﬁfoéﬁ “@\)’«‘Qadba?ds”ﬁl‘} & et hod accor di ng
to ckai m 1 furthegndduidgisH 108 Sk QitSLHRSLA signal BESAHBE ificalvé GE@LY ET
ultra-w deband signals Troma plurality of "transmtters; 20 determning a
geogr aphi ¢ pdutialinemver tavek he rece| ver u5| ng the plurality of ultra-w deband
signals; extracti ng. Lran % ﬁtt,[e n. mi}ormatl .on froma sel ected one of
received . ultra SiCHERARG ﬁ 159208 4 17E° 8 ogr aphi ¢ position of
the receiver to thﬁaﬁ&lx@thesirdhgmraﬁ‘maI%eéivecﬁﬁrspmmaimeébahﬂ!EitgﬁﬂptI on;

determ ning an actual_ distance between the receiver and the sel ected
transmitter; and 8egading %@thm@elﬁﬁhed@f%matl@wmdlqﬁﬁﬁ)@ﬁbﬁ instial pownelexet ual

di sygnce. 30 3. Thg, l@h]@ )@Q? ng step
inc}ludes convert?ng |n| 19{1%%\%&%@931&%% d1I£ r{ngﬁo a%(l}géand
transm tti ngueheret girength; val ue to the receiver. 28 I\/ar ch 2005 WO 02/ 27964
PCT/ USQL/ 30765

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.




-14 5 10 4. The nethod according to claim1 where the encodf Mareh 2005
i ncl udes_ _enbeddi ng the indicative of the initial power level in a data
he

packet, WPPE e data packet is transmitted to the rec&CFaS01/a0765

met hod according to claim1 wherein the nmeasuring step includes detecting
a peak voltage level of the received first ultra-w deband signal. 6. An

ul tra-w deband transceiver, conprising4-a transnmit circuit for transmtting
a first ultra-w deband signal to a receiver, the transmt circuit
configured to transmt the first ultra-w deband signal at a selectable

pover |evel; 4an erdwdnetbodaacending tb staimntbehre thy eaceding stepinsrdesyal ue in the
first ul j . r i indicat i e

sel ect eé%%&%%ﬁge\?feﬁp;ﬂa@g aE !#%%D%%P%X@F‘f%%#ﬂ%%%?@%fjre%h:f%%rd%e{tg&g{:/keettg second
ul t r a- wighabanttd 36 gieakceitdte second ul tra-w deband signal having a second
enbedded power value; a nmeasuring circuit generating a neasured val ue

i'ndi Gative of the st rength of the second ultra-w deband signal; a

conput ati onalg Ci refﬂeé%&@(gf%cgg{dg%tﬁ%}ﬁhtl Eﬁl%lfll%hﬂﬁg Etgﬁ 1 loye to 20

conparing the nmeasur e second power val ue; ack circuit
t hat usaletecting apetakwdiagolevélaftio retavakfistultra-widebapdsiznall evel that the
transmt circuit will transmt a next ultra-w deband signal, the new power
| evel being enbedded in the next ultra-w deband signal. 25 7. The

transcei ver gccor dimglrhQuidbtindBnschives, B8MmpAGHRY | Sing: a positioning circuit
for %ener ating geographical position data indicative of the actual
posilli on of the t adravswitwicyit fr dagwaitiing aifivst ultee-vadelfand signal to @ reestery e

~position. data i.ndicative of e i tkO f emte t.r i r, and to
ot or m aé PSR i b o the S vt Ao R Gt SRRl
t ransceips@er feelt he renote transmitter; and wherein the feedback circuit is

configured to receive data indicative of the actual distance and adjust
the new power in respentieg eifruitder eaheddings fissktpaveer volye nihe prsigdita-\Wo 02/ 27964

PCT/ USOY/:30/:83 si'g‘}lél, Ele]p%wer 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.




15 8. An ul tra-wi deband comuni cation system conprising: &8Mgreh24q5.eq

ul tra-w deband transcei ver having a first cell size, the first transceiver
havi ng a™4 P& *%andwi dth; a second fixed ul tra-w deband ECAASALY

adjacent to the first ultra-w deband transceiver having a second cell

size, the second transcei ver having a second bandw dth; a controller

i npl ementing the steps of nonitoring-ifke bandw dth used by the first fixed
ultra-w deband transceiver; reducing the first cell size responsive to the
bandw dt h exceedi ng an acceptable usage |evel, a porti.on of the first cell
bei ng abandofed t &\ dHaddehspd eqperuRicaieyTsiom. cBPTisingt cel | ; and

comuni cat i ng t o L6566ANL ki d1Rs AHAAAT o AVSESIUGhe Ay ST ONA! 1O
cause the second cell size to be increased to 1Tnclude at TeasSt a portion
- of the #ahaswdiveebavingafirst bendwdditi dt h usage of the second cell being

i ncrgased. 9. The neth agcording to claim8, wherein reducing, the first
cel | gsi ze incl ud@§6?ql?§3?ﬁ§§fl tagw Bﬂfﬁ#@ﬁceﬂméélamrﬁ%ﬂwﬁa%;fmwiegmgi ver
to trang@hiceRfer RaviW\h RRWBH celPlize, ?ﬁ?ewnﬁ&g&rﬁ%&%ﬁﬁﬁg a@@&gﬂ%ﬁlﬂvﬁﬁgc' aim 9,

wherein a signal transmtted by ra-w deband transcerver
i ncl udes dat a i ndiacanfrelter ahplementimgihp staps of evel .

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.






