; €3eql | nDDEDFR. GH61 Tl | MZ H WEI GHTED OPEN LOOP POWNER CONTROL IN A TI ME

DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEM BACKGROUND Thi s invention generally
relates to spread spectrumtine division duplex (TDD) co i j

systens. More particularly, the present invention relat engw@%ﬂmmﬁiw&nd
met hod for controlling transmission power within TDD conmu ens.
Figure 1 depicts a wireless spread spectrumtime Eli-vision dupd¥®*(TDD)

comuni cat | Y, i b i 301- 307.
tach base WRIGHTHER ORI TGOHRO R, %&Mﬁﬁﬁﬁ@@%’i 23 in
its operating area. CoRYHINLEX: CEMMIBNKATION SYGTEMase station 301 to a
UE 321 are referred to as downlink comruni cati ons and communi cati ons
transmtted froma UE 321 to a base station 301 are referre | i nk
comuni cations. In addition to IARKGROUNDover different mm@@mﬁﬁmgmm
spectruns, spread specttrumiDD systens carry nultiple commu r
the sanme spectrum The nultiple signals are distinguished by t htpaoz2+
respective chi-d.code sequence cades)... Also, to nore. efficiently use the
o bad spect r s ToUGE ERETaLY FEARGE e MsERy apelih dide LBl aleiRg
frames 34 divided into a nunber of tinme slots 361-36",, such as fifteen
ti me sl ot(¥DDncausiungativesystemsc ddonerpasticularly; thegretent inveationtreldtdsitoe sl ot s
361- 36" using selected codes. Accordingly, one frame 34 is capabl e of
carrying i QHTEU R i koS b Gl : '&rﬁﬁ - 36"
and code. h%ht%ghﬁl g?lc%hg? gg@%g{g%ﬁ@&&%@ﬁ{% sl ot hlﬂfscaflg erred
to as a resource unit. Based on the bandwi dth required to support a

comuni c&Y$EHS one or multiple resource units are assigned to that

comuni cati on. Most TDD systens adaptively control transm ssion power
levels. In a TiBusydtddpiciianyirekeEgpieadt speosuibiine divesiohduprxe(THDY sl ot
and spectrum Wen a UE 32i or base station 301 is receiving a specific
comuni cation, .all the oth communj cat i Ons,. USi t he samgti | ot and
spect r um EIHBEn Rt PEr R dhesYPREL biet PRI s SRR S0 AllreBefhg t he
transm ssion power |evel of one communi cation degrades the signal quality
of all otbase statiomdi cammmécaiés With ustrmequipments|(BE)33,-Speut ittioperkbngver
reduci ng the transm ssion power |level too far results in undesirabl e signal

to noi se gt@f | O§mhrlNRSi AR draibini®ld Rbnf /682 tAfRe30,ab altllj? LGP Vb Fed TO

mai ntain both the signal quality of communications and ['ow'transm Ssion

m ssion power control js used. One approach

[ ansri <4 8 ApBHBRR SOTTRATCRIPTS A0GR BPYRSABAT R Tpied Trom 2 UB 32, ©
a base station 30, are referred to as uplink communications.

In addition to communicating over different frequency spectrums, spread
spectrum TDD systems carry multiple communications over the same sbectrum. The
multiple signals are distinguished by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeating frames 34 divided into a number of time slots 36,-36, , such
as fifteen time slots. In such systems, a communication is sent in selected time slots
36,-36,, using selected codes. Accordingly, one frame 34 is capable of carrying

multiple communications distinguished by both time slot 36,-36,, and code. The use

_1-



access (CDWVA) conmuni cati.on systemis described in U S. Patent No. 5, 0S6,
109 G lhousen et al.). Atransmitter sends a comuni cation to a particul ar
recei ver. Upon reception, the received signal power is neasured. The

recei ved signal power is conpared to a desired received signal power. Based
on the conparison, a control bit is sent to the transmitter either

i ncr easi i ainglecsoglednragsinglertime skit dnrafiemed tdoys ardsoxect wibuBasedoneke t he
receiver sends a control signal to the transmtter to control the

transmtte [ G ol chni are conmonl
referred b[agdgg&@y gﬂeﬁ\{g%ﬁu[? Pa%ﬁwﬁ:&qm@%ﬁ OHEE’ lﬁpﬁer{gsogrﬁg uﬁlétrstaf) mance
of closed | oop systens degrades. For instance, if conmunications sent

bet ween astignda to drad canbasmicatiad.i on 341 are in a highly dynamc

envi ronment, such as due to the UE 321 noving, such systens nmay not be able
t o adapt fast t f

cl osed | oop p(%\ﬁmgglg%nt rof I'n %‘%b{: n%aﬁg@?% @ngﬂ’?g%r gls1 agglrg[gecond
which is not sufficient for fast fading channel s. EPO 462 952 A discloses a
met hod f GYSteyEMn eqMBIUNiRKtions My thash din %m%hnml\etrartd)a?p@nynal Whast ween a
nmobil e station and a base station in a digital nobile tel ephony system To

det er m ne UEE31 [ GBMeSHh@Sn BOYR réc%i/\ﬁh% fRcIRABoMtlu§Satidn, liiethe! (A&t
strength and si gnal transm SSI on quality are determ ned. Based on the nean

val ues, an antici {)at ed SI stren go ad_g, nal uaI it re cal | at ed
for a sulOE¥TBRCA ‘P%“ﬁ)‘é‘g asag@ ‘L‘H‘Fgr? b %‘fsﬁn‘ PReS i Eient ai ned
unchanged. The transm ssion power |evel at the subsequent tinme period is

adj ust ed spadifid coninheniantioni pdnectavimlgudlse MADHsAOA6PoNedi Bnlebses aneret hod
for controlling a transm ssion power |evel of a nobile termnal in a

satellite o Leat -

cl osed- Iggpmlélrlt" h&@ﬁ h%aﬁéf?{h%r%l%nﬁaugﬁy a{iﬁ&h@ os%&oop e errenp tﬁ?the base
station cal cul at es the nobi I e termnal's power settjng based on the

st r engt htighe sleb angd spactsume cpyeyer, rr@ﬂwng %manemsem paver fayvel tee fatst at i on
takes into account the propagation delays of the satellite systemin the

power sekégulg id hdesitabaé bighal foaioitditiop EDNRSY pnd btk ratch €BERgagthle of the
recei ved S|gnal fromthe base statlon in each frarre is conpared to the

pover of "k HS; 18 PRSI O U, depal, SRV BEI PHimbhERRend HAIFENT |

the observed signal strength. Accordl ngI Y, there |s a need for alternate
appr oac h&gnswissEimpewer kevglsatrapsraissiop paveer cowof inasedssi on power | evel s.

One approach using transmission power control in a code division multiple
access (CDMA) communication system is described in U.S. Patent No. 5,056,109
(Gilhousen et al.). A transmitter sends a communication to a particular receiver.
Upon reception, the received signal power is measured. The received signal power
is compared to a desired received signal power. Based on the comparison, a control
bit is sent to the transmitter either increasing or decreasing transmission power by a
fixed amount. Since the receiver sends a control signal to the transmitter to control
the transmitter's power level, such power control techniques are commonly referred

to as closed loop.



SUMVARY The invention controls transm ssion power levels in a spread
spectrumtine division duplex comunication station. A first comrunication
station transmts a communi cation to a second conmuni cation station. The
second 'station receives the comruni cati on and neasures its received power

| evel . Based on, in part, the received comunication's power |evel and the
communi cation s UhaBeéirbih eonativRls, iR RirforfaRk bf CRERA06p P BmisUegrades.
determ ned. The transm ssion power |evel for a conmunicatio fron1é%%
second station to the first station is set based_on, in part, vyeighting
the path | &osirstangentfccomauaiqaiegs senthaswean a!@éin Ane e dasesiatipniiieme | ON
OF THE DRAWNGS Figure 1 illustrates a prior art TDD system Figure 2

illustrateg i AR ' LEAERS i IS, a
fl ow chart%(?:‘l g‘\?\!zi%h?}ergc %%‘Qﬁ&ﬁg‘g%t ggg\lﬁer contt();ﬂ(}lewggl ﬁ%?:hg%]rsggﬂg? é_t‘ég% I'agr am
of conponents of two conmunication stations using wei ghted open | oop power
control . Fingtibe abledeidapt fast gropgh & compensate &M&ﬁ@@a@ge% ‘Tae ypdate maseof

| oop, open |oop and cl osed | oop power control systemfor a UE noving at 30
kil ometers ' i : '
per  or manc o pos 1oel polet Beubl 8 Brel OB O bl TR0 Byelel Bt e WAl
PREFERRED EMBODI NENTS The preferred emhodi nents will be described with

ref erence ionetuificient for faspiadeas ghannels. ke numeral s represent like

el enents throughout. Wi ghted open | oop power control will be expl ai ned

using the flow gpu62f9h ﬂtmmlas@rwnieﬁm@mgenﬁagqfr ddiastii g@hhémedion

comuni cation stations 110, 112 as shown in Figure 4. For the foll ow ng

di scussion, the_.comunjcation statian having ikts transmtter' oyer ..
controf | edPPISF EPEFIEDALs beteep Rmiobiif shion Aad 2 base fiatiom 1 Highta! mobile
comuni cation station receiving power controlled conmunications is referred

to as the teeghotiyngystdrat Manddtdfinirfs thedranzingbdiod pavest lbvelp thromeancaibtiendf My
be used for uplink, downlink or both types of communications, the

301 U 32noRepBP R e RO sighe! bRl apRicy SRR Ehn L, FBeAIGH IR

are used, the receiving and transmtting station's conponents_are | ocated
at both t henasasalues ancantpipated gigyal strengthoand, signahqualitymseicalrulpedptora
| oss between the receiving and transmtting stations 110,112, the ..q

subsequent time period, assuming the transmission power is maintained unchanged.

The transmission power level at the subsequent time period is adjusted based on the
anticipated values.

WO 98 45962 A discloses a method for controlling a transmission power
level of a mobilc; tjcrminal in a satellite communication system. The power control
method has both a closed-loop and an open-loop element. For the closed-loop
element, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takes into
account the propagation delays of the satellite system in the power setting
determination. For the open-loop element, the strength of the received signal from

the base station in each frame is compared to the strength of the signal received in
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receiving station 110 sends a conmunication to the transmtting station
112. The communi cation may be sent on any one of various channel s.
Typically, in a TDD system the channels used for estinmating path |loss are
referred to as reference channels, although other channels may be used. If
the receiving station 110 is a base station 301, the communication is

pr ef er abl ytieeprevinmsiframe.othe traksmitpoovendfthe siobile terhmalimadjusteddhveisgbi cal
Channel (CCPCH). Data to be conmunicated to the transmtting station |12
over the refgrence chan IS 0 ef er .chapnel .dat a. , The
ref er ence %ﬁ@h‘ﬁg ﬁ’%ﬁlﬁlflgn? EA Hkn"e‘ésﬁ‘g%{ 5§§“§ s}%ﬁg&b n@gggﬁﬂglé’r e 15 4 Bfied 19%r
56. The reference data is assigned one or nultiple resource units based on
t he comunaltematemapprioacitbsi tdtthaingajnisiged qualityrargblosa diangnmssion pawerdgvels.
sequence insertion device 58 spreads the reference channel data and nakes
the spread reference data tinme-nultiplexed with a training sequence in the
appropriate tine slots and codes of the assigned resource units. The
resulting sequence is referred to as a comuni cation burst. The

communi cation burst is subsequent!|y SIUMMARY by an anplifier 60. The
anplified conmunication burst may be sumred by a sum device 62 with any

ot her communi ca#y JTTch I at or
SO, spreading aﬁggg?g#%?%bgéggﬂggggﬁﬁﬁsertpgﬁkggéf%%ﬂggSgﬁﬁﬁéﬁ%%???gg 4,
The summed communi cation bursts _are nodul ated by a npdul ator 64. The

nodul at ed divisian dupleyaeemmumeasiqihstalions ¢ HiY copBNUAIFationistation ransmits a
antenna 78 as shown or, alternately) through an antenna array, step 38. The

Lenna s 0 . an
radi ate Sb&%ﬁ{uméatﬁﬁﬂ%%etcbﬁaelei%lzrﬁuﬁrwﬁa@bﬁaﬁubg @ge%@%@gftaﬁBn&ecav%é@grenna

82 of the transmtting station ) e type o at1on use
the transmtted comruni cati on can, be an; f the those kno to .t hose
skilled i nCQm@W?%U%éﬂdﬁc%ﬁW%ﬁ:ﬂtspq?%’éegl‘l?qwe%&ﬂeig é@?&?%r‘ndﬁ‘éﬁr@ﬁur e
phase shift keying (QPSK). The antenna 82 or, alternately, antenna array of

t he transndceived cointinunitalida's pesei Vel und e mmdnicatioatuensynission poswer The
received signals are passed through an isolator 84 to a denodul ator 86 to

produce a b, sianal .. a ig j S by a
channel esfeﬁﬁgtfgb%%ég%cés@%ng ggtgg@gm?ét ;Iﬂhgt #%%%fe%\g/]%ilesg&eﬁflﬁt}?ﬁioﬁ ?lma
slots and with the appropriate codes assigned to the communication's burst.
The channetomstinieatiamiraaytheessesgnd statiom tp hedirst plationds sehbasedpmivgart,
conponent in the baseband signal to provide channel information, such as
channel i i G ' j isestagfe by the data
estinatiogagggﬁg%ﬁ%% andR§S§§ag§ﬁﬁg§§Eggﬂ%g?ﬂggegggmgg. Th% power |evel of
the processed communi cation corresponding to the reference channel, RTS, is
measur ed

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a prior art TDD system.
Figure 2 illustrates time slots in repeating frames of a TDD system.

Figure 3 is a flow chart of weighted open loop power control.
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by the power nmeasurenent device 92 and sent to a pathloss estinmation device
94, step 40. The channel estimtion device 88 is capable of separating the
ref erence channel from all other channels. If an automatic gain control
device or anplifier is used for processing the received signals, the
measured power level is adjusted to correct for the gain of these devices
at either theERiguee 4isasliagranrel erqupereryp obiwe igenpaumicaiéeon stationausimg devi ce
94. To determine the path loss, L, the transmtting station 112 al so
requires i (WaTeN mtted power |level, TRS. The transmtted
power Ieci gh%ggﬁgﬁé§a%g8§g§fhg ong with the communication's data or in a
signaling channel. If the -G power level, TRS, is sent along with the
communi cat i on'Figuee & depiess agrapheafi thewerfopmaacs eba sceighted opeadeop.mpepover

| evel and sends the interpreted power |level to the pathloss estinmation

devi ce 9‘100[% hnd BRse8966p pBWet Cahir8sykidinifr 2 UR $hovihatat 30 lé’iﬁ)]metﬁfseé&r abl 'y
the transmitted power level, TRS, is sent via the broadcast channel (BCH)
fromthe bas? sz%tion 30i. By subtracting the received comunication's
power Ie@@PF tn dB, fromthe sent comrunication's transmtted power

| evel, TRS in dB, the pathloss estimation device 94 estimates the path
loss, L, bet wFiguid6 depietssd gtaphiosf thd thred dyiterns’ perféimanctdfdriadiBlhyving | ong
term average of the pathloss, Lo, is updated, step 44. In certain
situation§ kgibead of transmtting the transimtted power |level, Trs, the
receivin& g? h 110 may transmt a reference for the transmtted power

| evel. In that case, the pathloss estimation device 94 provides reference

| evel s for the path loss, L, and the long term average of the path |oss,

Lo. Since TDD systens transmt downlink and uplink comrunications in the
same fr equmlagnmj DISCRIPTION OF THE FREFEIRED EMBODEVEMRES! ence are

simlar. This phenonenon is referred to as reciprocity. Due to reciprocity,

the path | oss_gexperjenced for. the d link will also be experienced for the
upl i nk and vi d&e\psptegedgml W&W‘H@Y\ﬁ%E‘F%%&}%@Eﬁcf%%@et‘gﬁée g4

recei ved power level, a transm ssion power |evel for a comunication from
t he tr ansigurds wigers tike nomeidl2rapoesehelikedementsghsiughooh Weighited emirdoap ned.
This power control technique is referred to as open | oop power control.

Open |00§0%?%%01%Yﬁ)§c€)ﬁmﬁ%§si% Ehé%&\jv @ﬁaﬁekﬁv%ﬁ@m tH@EﬁBPEﬂQ

estimate SS an e transnTtted conmuni cation, the p 0SS

experienced by, j

y the transmtted comunpjcation may djffer fromth
cal cul at 8ftwesinplitied W%att%ﬁ‘fﬁ%‘?%ﬂ(b 2 Asshodp 1ny gé‘i"f’f‘e%‘ﬁ €i ne
slots 361-36", the tine slot delay between

following discussion, the communication station having its transmitter's power
controlled is referred to as the transmitting station 112 and the communication
station receiving power controlled communications is referred to as the receiving
station 110. Since weighted open loop power control may be used for uplink,
downlink or both types of communications, the transmitter having its power
controlled may be located at a base station 30,, UE 32, or both. Accordingly, if both
uplink and downlink power control are used, the receiving and transmitting station's
components are located at both the base station 30, and UE 32,. For use in

estimating the path loss between the receiving and transmitting stations 110, 112, the
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received and transmtted conmmunicati ons may degrade the perfornmance of an
open | oop power control system To overcone these drawbacks, a quality
measur enent device 96 in a wei ghted open | oop power controller 100

determ nes the quality of the estinmated path | oss, step 46. The quality
measur enent device 96 al so weights the estinmated path loss, L, and | ong

t er m averagiving stdteonpbt(hsasls a commaicadbnitb¢hé transnitting wtion B2 Thy
transmt power cal culation device 98, step 48. As illustrated in Figure 4,

easur enteengyraiorasRy B Ehy 68 Shi B o Va0 SRARIS, T it T BRTER ¢ ron

device 96, and transmt power calculation device 98. The follow ng is one
of the psyftemy ¢ht vhagieledsepdor estipatngepatic dotsr ae wifepoed tonss. reférence
transmtting station's power |level in decibels, PTS, is determ ned using

the. powse ML) ARoytirphePtiantlls oy e ot MUE ol ng P O ol <

transmtting station's communication in dB. PRS is determnmned by the
desi red SafonS0RThRCEMaMLCation is prafesablysant avermndawolink demmeon channekr ence
l evel, IRS, at the receiving station 110. To determ ne the interference

| evel , Ig?lsa (ﬁ)tmltnﬁﬁ G&ﬁfdl\ﬁg'gi‘%ré %ﬁbét(gg}pgjﬂﬁd comruni cations fromthe

transmtting station 112 a eno y a denodul ator 68. The resulting

baseband signal is processed, such as by a channel imation g  device
70 and a dat DR foreR GPmERUNGHSG o 1 FHISTRIAE SHaRrs TR QAT ihe fehifence

appropriate codes assigned the transmtting station's communi cations. The

channel ¢hidrereltd referpd ad usefégnéd ehahmdriaka. e Thenmférence el datd $s used by
an interference neasurenent device 74 to determne the interference |evel,

| cvel " of SCRINEE bl DhehtrPRo PRl o MinBudt T, o fPBgs ahTr bEIRR T 070

data estimation device 72 and a_transnmt power calcul ation device 76. The
dat a est ¢nait O rmpltipde ceedonscet haildabasess tamethe ogomswindeatiom'y sbangleddthi t h t he
channel information by the transmt power cal cul ation device 76 to control

the anpl jdguffenrhits\ACTHresdn %ﬁ!iira‘in'ilﬁgrs%ﬁﬁéd@erlﬂséﬁéhidé@'i& 48 3paus arover
| evel. P,~ Is determnied using Equation 2. PRS - SIRTARGEf +I' RS Equation 2

R - AL
the transmtting station 112. For uplink power control, SIRTARGET is
si gnal eda franning kequence in the appropriate time slots and codes of the assigned resource
units. The resulting sequence is referred to as a communication burst. The
communication burst is subsequently amplified by an amplifier 60. The amplified
communication burst may be summed by a sum device 62 with any other
communication burst created through devices, such as a data generator S0, spreading
and training sequence insertion device 52 and amplifier 54. The summed
communication bursts are modulated by a modulator 64. The modulated signal is
passed through an isolator 66 and radiated by an antenna 78 as shown or, alternately,

through an antenna array, step 38. The radiated signal is passed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112. The type of
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receiving station 110 to the transmtting station 1i2. Using Equation 2,
Equation 1 is rewitten as either Equations 3 or 4. PTS - SIRTARG-r+I RS +
a(L-La) + La + CONSTANT VALUE Equation 3 PTS = a L+(1-a)L,o0+ |,~ +

S| RTARG~r + CONSTANT VALUE Equation 4 L is the path |oss estimate in

deci bels, TRS - RTSe for the nost recent tinme slot 361-36" that the path

| oss was Rpe= 1 O t i unni ng
aver age. of OF R el K8 g P S R OB TAR PR R G g osefnofid
correction term The CONSTANT VALUE corrects for differences in the uplink
and downl tonthoseskiblerdn theart, sich: as disgabdhasq shiftdeying (BPSKI«y quadighrek and
downlink gain. Additionally) the CONSTANT VALUE may provide correction if

t he trans?hgseggwgkeﬁﬁkqm.l evel of the receiving station is transmtted,
i nstead of the actual "transmt power, T~. If the receiving stationis a

base station 301, the TANT VAL]TE is preferably sent, via Layer 3
signaling. |f (T)h%ap@eaa 32@@ fespflely: muteanh 3day of 46d BANYPHng sEat NT
VALUE is preferably sent via Layer 3 signaling. The weighting val ue, a,

det er m negchiwet Rariguatddiy fivgaendyesigmnils d¥hie eeceivied signalseepussedahrduph
quality of the estimated path loss and is, preferably, based on the nunber

cct i mate Hhioile’ PR FontERlaloy b ool hoeSind WEpe Lo THB RSP e

transmtting station 112. The value of a is fromzero to one. Generally, if
t he time dghdlds provessee swdrasttiya ¢chiampekestinsation davidd §8 amda daterstinpadion Loss
estimate will be fairly accurate and a is set at a value close to one. By

contrast, 41.f t. di-f.fe HS r ge., Lt not
be accur a(tléevfl%én?% t HQ”F‘SnE‘B{Ce%@%\?B?a‘é@ pg{%ha{) @QH%£§E§§%§§%P?£5W| kel y
a better estimate for the path | oss. Accordingly, a is set at a val ue
cl oser t ccoremgnicaortsi birss Theophanagl gsiimatien deyiace B8 gammgoaly Hpashtggh
others may be used. a =1 - (D- 1)/D',aX Equation S The value, D, is the

nunber of¢rdih absce®dinpthienPRitiEBisebhfd SilgfiBl t6 pedvide chirendl afformatibn,| 0SS
estimte and[ft%r%hfi rst tine-slot of the trgnsm' ipted communi cati on which

will -10 e referred tq as the ti sl,ot lay. |f the de .S .,one tine
ol ot, a e chinef fup e ieshafsny TSPl ilbmatiof i pFELPY T 488 o '
frame having fifteen time slots is six. If the delay is D~ or greater, a
appr oac hesstinmtion désiice;99 hrd a pamerimeagargstent device 92. The power level of the

processed communication corresponding to the reference channel, Ry, is measured
by the power measurement device 92 and sent to a pathloss estimation device 94,
step 40. The channel estimation device 88 is capable of separating the reference
channel from all other channels. If an automatic gain control device or amplifier is
used for processing the received signals, the measured power level is adjusted to
correct for the gain of these devices at either the power measurement device 92 or
the pathloss estimation device 94.

To determine the path loss, L, the transmitting station 112 also requires the
communication's transmitted power level, Tgs. The transmitted power level, Tgs,

may be sent along with the communication's data or in a signaling channel. If the
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| evel , PTS, determned by a transmit power cal cul ation device 98, the

wei ght ed open | oop power controller 100 sets the transmt power of the
transmtted comuni cation, step 48. Data to be transmtted in a

comuni cation fromthe transmtting station 112 is produced by a data
generator 102. The conmunication data is spread and time nultiplexed with a

traini ng pEREERGE], T8 SehPaleag iwith Ha \sbrhfiminitalidn SCAUEER dats estihoflevi ce
104 in the approprlafe time slots and codes of the assigned resource units.

The spreaqd si I, is anplified t he |jfier, 106 and nodul ated by the
rodul ot ordeae D inisipR e judnes tevehad aidstbe inlsaireRubpO BohAVeL 6 b 1 or
100 controls the gain of the anplifier 106 to achi eve the determ ned

transnit pawkis eS@hatiolr-device 941 If Hee ﬁegwmig'g gaitionn] 107kea Gasdyntieat 3N i s
passed t hrough the isolator 84 and radi ated by the antenna 82. Figures 5

and 6 depic raphs, 82, 84 jillustrating the performnce of a i d open
oop sy el RhgaaimtiedpoIarsohrsts nf vl BrEdRaticuautd B,
graphs 82, 84 depict the results of sinulations conparing the performance

of a wei giroethebase statbgn 3¢yn Bysabtriaotipg tredeceivtdeadnunigatonippoweardetaipl | i ng
the transm ssion power |level of the transnnitting station I12. The

channel ot A axayt F Bt CHERRIG R SRVTRNS HENRr e Ik BB i g

station is a base station 301 and the transmtting station is a UE 321. For
t he si mulpathloss estirpatigh devicedd cstimses tegpath ilegs, LTbetvwsamithgttwe $aldensst at i on
301 used two antenna diversity for reception with each antenna having a

three fi ei ALt i i RRRY i eak hsfiited channel
and SIR 2%“&’ rlralieté’:%gﬁﬁ g%'séi(ﬁgﬁogm%” 3&% gédsﬂe)({}(uence(ipo%%1 ngsi(t)ﬁf {ff(f)’eeig l1lﬁ %‘lziite din

the presence of additive whjte Gaussi noi se, (A . The sinul ati on used
an | nt er 4¢P dftaIngeriaiy sigatiang l‘ﬁﬁagﬂ%n&ﬁ‘ﬁﬁ%ngﬁggbﬁqsﬁéﬁe‘%wyfﬁé sknnel

and QPSK nodul ation. Interference |evels were assunmed to be accurately

known wi tTyNneheleeeivigi sasion Aldnmeay (eodiniga scferies foE e tahsmioedi plevad. The
CONSTANT VALUE and La were set at O db. For each of the power control

techni qu Fiogugre S ra 82 e r 1t qnpl ex
symbol i note Bl FRBRIEG SHBHReb Ryt sabto R bl AR B b0 G b e
time slot delays, D, with the UE 321 noving at 30 kil oneters per hour

(kni h) . matshsanl., and thedeng termeavirage gbtheypath begshLyei ght ed open | oop and
open | oop outperformclosed | oop. For higher tine slot delays, weighted
open | oop out ERAEOTIID Q?éten@n@zihshﬁpﬂomnkl ArEdplifIo BorMSuifibavéhsi iny thiegur e 6,

graph 84, simlar resulfs occur if the UE 321 is traveling at 60 kmi h.
same frequency spectrum, the conditions these communications experience are
similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
loss experienced for the downlink will also be experienced for the uplink and vice
versa. By adding the estimated path loss to a desired received power level, a
transmission power level for a communication from the transmitting station 112 to
the receiving station 110 is determined. This power control technique is referred to
as open loop power control.

Open loop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss experienced by
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* * -12 CLAIMS What is clainmed is: 1. A method for controlling

transm ssion power levels in a spread spectrumtine division duplex

comuni cation system having frames with tinme slots for comunication, a
first communication station transmts a first conmmunication having a
transm ssion power level in a first time slot (38), a second conmuni cation
station r gSkMRsni } T RYO! i I of
the first ( commﬁ?%lgtspigrllﬁlgéarecel 8??%&18?@98%%&%@?%5?{?@% V?PS{&L"'
determ ned based on in part the neasured received first conmmuni cation power
| evel andcomanmieations ancreant imdiffaring time slots 36300 Hee timewskot deday) bettieen met hod
characterized by: setting a transm ssion power |evel for a second

conmmuni cagd ' gﬁ:mﬁf MW i rst
station bgdgggvegnrhn?r%%@t}&%%b I ni rlllgéatt{?rgg%it%ggss est’l mate \%(e:%gﬁ%@gp %{31/ a
first facior with a |ong term,Ipath | oss estipate weighted by a second
factor (4%PP RAVEsIGontiohaystems i Topversams theseraybacks. & quality meagwresicns ti me
separation of the first and second tinme slots. 2. The nethod of claim!]l

further cheviee9€ii Zaeidhted S9Elodh PoR@r toErollerd O0lemiBEhss theImaRfidfTRE €
based at |east in part upon an average of path |oss estinates o

conmmuni cat i .ons_sen romthe first station to th eco tatiQ 42, 4-4).
C0a " e Rt ok e e Tl bieeiuErioh SEHRE s vt e o
quality, a, of the pathloss estinmate based on in part a nunber of tine

sl ots, D, edtizhate pathHesd, v, ahd doug teemoaveragensf the pathldss), I, podentier @amsniibe
first factor is a and the second factor is 1-a. 4. The nmethod of claim3

further c ' ' ' sk Ql- aYy )~ .
determn q%gfei t%/gﬁ gﬂﬂll%gﬂ tél eg%gfggli@naé%f%??) ¥ gps 4—.5)' 56‘ 9%@&%@%8& of
claim1 further characterized by the set transm ssion power |evel

conpensat Rigurgr4, dihet weighéask open tleep poweskcanttplies\i0 arogjsts ef. the, pawer net hod
of claim1l further characterized by the first station is a base station and
the secongesduément dévice 93 Patlfass RRRiton devideI4RubnE MEasiraiBhdddviéd her
characterized by the first station is a user equipnent and the second

station i§.a hase station. . .
£§6, ana%ransrrht power calculation device 98.

The following is one of the preferred weighted open loop power control
algorithms. The transmitting station's power level in decibels, Py, is determined
using Equation 1,

Prg = Pgs + a(L-Ly) + Ly + CONSTANT VALUE Equation 1

Pgs is the power level that the receiving station 110 desires to receive the
transmitting station's communication in dB. Pgg is determined by the desired SIR,
SIR rargem 2t the receiving station 110 and the interference level, I, at the receiving
station 110,

To determine the interference level, Iq, at the receiving station, received
communications fromthe transmitting station 112 are demodulated by ademodulator

68. The resulting baseband signal is processed, such as by a channel estimation
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8. A spread spectrumtine division duplex comuni cation systemhaving a
first (110) and second {112) communi cation station) the system using franes
with time slots for conmmunication, a first comunication having a transmt
power level in a first tine slot is transmtted fromthe first station
(110), the second station (112) -14 receiving the fixst comruni cation and
neasur i ngdevigp¥@ and evdta eftimhter device 72dmthe tiowt slots amsl with¢he eppropriggg h | oss
estimate is determ ned based on in part the measured received first

comuni cat | [ -1 S Je i NSy . $Si on. power
Covel 1 R sl B s oy fyiobston ARG, A ARE DR Sie .
means (100) for settiag a transm ssion power |evel for a second

communi cepriodncédh by ghe ochiannieheessinmtionadevicon7( nispansed cloyrbamiinterfarengeat h

| oss estimate weighted by a first factor with a long termpath |oss
estimte ] [ ILpty and o ctors
are a funecé{tgésglg&g ngafﬁﬁgigggr%%ﬁgfm?ﬁéﬁw rr slib%ainel e'geI(f‘B'nd'I‘ﬁlg r%’glggfl%fs; and
means ( 106) for transmtting the second comunication in the second tine
sl ot at tinéorseation may alsoshonsesoinesontenldhe rgnsmitposyestlevelodt theapeaisingur t her
characterized by the second station ( 112) further conprises: neans (94)
for det ergBtdi910."Tht @RAnAS ifFRAafoh 38 Inpat td At HaedicH ddwBasy2iadhart

upon an average of path | oss estinmates of conmunications sent fromthe
first station to the second stat. o . The system of c¢laiym8 further
char act erffansmibpowgk calewlatign, devige ?’ 61%8‘? daa Fﬁ@@%ﬂﬂ?‘i‘é@dﬂé’ﬂﬁm da®ans
(96) for determning a quality, a, of the pathloss estinmate based on in

part a nustiedatioh dévige I24t aisedwittetheatnnhéleinformsdticnnbly e aafsrhitpovedrot ; and
wherein the first factor is a aad the second factor is 1-a. | 1. The system

he” ot ormionafiqr Sevity 7€ 6 FOnfER ol S HER Gpoflory B Fedeiying, 5y o

system of claim@8 further characterized by the setting nmeans (100) sets the
transm sstattonyotmensmiépower devebnpensate for differences in the uplink and
downlink gains. 13. The systemof claim8 further characterized by ttie

first station gl id @termined using Equation 2.

Prs = SIRrarcertles Equation 2

Ips is either signaled or broadcasted from the receiving station 110 to the

transmitting station 112. For downlink power control, SIR 4pger is known at the

transmitting station 112. For uplink power control, SIR ¢ pger is signaled from the

receiving station 110 to the transmitting station 112. Using Equation 2, Equation
1 is rewritten as either Equations 3 or 4.

Pys = SIRpapgertlrs + €(L-Lg) + Ly + CONSTANT VALUE Equation 3

Prs = o L+(1-0)Lgt+ Igg + SIRpppgert CONSTANT VALUE  Equation 4

L is the path loss estimate in decibels, Tgs - Ry, for the most recent time slot 36,-36,,

that the path loss was estimated. The long term average of the pathloss, Ly, is a

running average of the path loss estimates I.. The CONSTANT VALUE is a
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is a base station (30) and the second station (112) is a user equi pment
(32). 14. The systemof-.claim8 further characterized by the first station
(110) is a user equipnment (32) and the second station (112) is a base
station (30). 15. A conmmunication station (112) having its transm ssion
power Level controlled in a spread spectrumtine division duplex

communi c@bireotisy sérai The CONSTANTVAULUE somsctyifohdifferencdsdh thé aplink
comuni cati on and having a second conmuni cation station (110) transmtting
a first co nication in.a fast time slot. -1 the conmuni cation station
conpri si #Ca O‘f"é@’élf nelsy @“ﬂhaféﬁ) C‘?IBP"’[}S@E%?% ﬂﬁ?‘i‘?&c‘?q l‘%t“@g\]ﬁwﬂﬂ cation
and transmtting an anplified second comrunication in a second tine slot, a
channel detintimki gain.d Additeor(adly) theaONS BANTHY ATLEE miiayoprosidd cortestivnvié t he
received first comunication for producing channel information, a data

Fixst comRPLHiF BRHEk rFAKaBO I AR Erptiv Bty B ERBRe BoeRERL ) ot oo

data, a power mneasurerizent device (92) having an input configured to
recei ve theachahtrensmitfpower ilan Lothepresdiving stationds aubaseetatiart 38, theei ved
power |evel of the first comrunication, a pathloss estimtion device (94)

havi ng a@cblﬁemmﬁmgw% F)Ebfél%% ) ¥éntlig IMBRF 9" GOndIfeE! YEthPREIvihgve! and

conparing the neasured recefved power |evel "to a Tran ssion power- | evel
of the first comyunication for pro in hl oss estimate for the first
comuni c 8tHgR 1s E‘Wés“cﬁﬁ#ﬁﬂﬂig@atth%%@géﬁ‘ﬁéﬁr ?/I‘ﬁﬁ @iﬁ?&é@@y isgaivigy-aysr qual i ty
nmeasur enment device (96) for producing a quality neasurenent based at | east

in part Gp@gndinlgl me separation of the first time slot and a second tine
slot; a transmt power cal culation device (98) having inputs configured to

pover cont r of 126 gRaEnEEE LAk, O a@Rtinlil8 ol el ok EFRRUMRERb bRVGBOR 0cc®

estimate weighted by a first factor and a |ong term pathl oss estinmate
wei ght edisgmeague ohther quality of iwestmatadpath lossandisi psefetatdyfhasedon the e based
on in part the quality neasurenent; and an anplifier (x06) having inputs

confi gur gndnRr aegﬁievs@ot% e, BEVBEFRRLthe :tin% s]gaeln, ﬁgmaaﬁan%ggmﬁm& ation

to be transmtted In the second tinme slot for - a Ifying the second
conmuni cation L.n respqnse.to the pawer control sigaal to produce the
Al i 11 oAnd BitoHER EBKAIR Qe SAmpaticaen FaRTica4D Br lshigneEiaten of
claim15 further characterized by: a data generator {102) for producing
comuni cil2oMhdatahie af & pr franh zego tndnt.r Genénally si€ thetine diffesmicedetwearn ce
(104) having an input
the time slots is small, the recent path loss estimate will be fairly accurate and o is
set at a value close to one. By contrast, if the time difference is large, the path loss
estimate may not be accurate and the long term average path loss measurement is
most likely a better estimate for the path loss. Accordingly, o is set at a value closer
to zero.
Equation 5 is one equation for determining «, although others may be used.
a=1-0D - 1)D,, Equation 5

The value, D, is the number of time slots 36,-36, between the time slot of the last

path loss estimate and the first time slot of the transmitted communication which will
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configured to receive the comruni cation data for producing the second
communi cation in the second tine slot; and a nodul ator (108) having an

i nput configured to receive the anplified second conmuni cation for

nodul ating the anplified second communication to radi o frequency prior to
transm ssion. 17. The conmunication station ( 112) of claim 15 further
char act ebbezeferitd todasthaviit ﬂb?del&?.ﬁlf tiRvdeldy Roneiue sk i9ehedD 9 fsecei ve
the received first conmuni cation for producing a baseband signal; and .

have an EHHOEXEBHIGORMIEEYy doapya! VALCIAEBAR SNaRGTifiopn UImhgom is
comuni cation station (112) of claim 15 further characterized by the
qual ity wsbaslIftthewelayi s Dy, Obgresoge: @[.f)dpmemestzer@nﬁsmg:ltﬁdﬂ&aﬁdmﬁtpofvs&ﬁt or is
the quality nmeasurenent and the second factor is one mnus the quality

t. 518 19. icati ti .1 f claim15 furth
Char act o P Hagd S Ao o i idrfevice 488 srdeflelohanz0)  and
the second station (I 10) is a user equipnent (32). 20. The comuni cati on
stati on tdoppavencbatiolier h@d seththredcinemniigeovdrpf thedrammittad camnomis4tidn, on
(112) is a user equipnent (32) and the second station (110) is a base
station g&g& -19 A . A9& A[9. AF. ALa. A. A(LY. A (9. As e. A";
. A&&. A&UY. 1 AL.LA TLA CAlsl.A2.A . AJEQGP, TNPp V
>} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]hca] cal ca] ca] ca] calca] cal ca
] ca] ca] ca] ca] Bt bairaajmitigiidapcpmmunication from the transmitting station 112
PAVodcWM} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] gadealiedd Brhlks atsdhiorl192] Cﬂl&é’d%hﬁ@i@§dakﬂi}s>%?%ﬂzﬁc?ﬁ a] ca] ca]
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a weighted open loop, an open loop and a closed loop system controlling the

transmission power level of the transmitting station 112. The simulations address

the performance of these systems in a fast fading channel under steady-state
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sy) 1109%& ()-L' 10%& ()- s$&L0%& ()- NxnbC&! 10%&' ()- 10 10

101 Y: 4109& ()-s7M 109& ()- "S5 1109 ()- s2M 109& ()-ZPp V

dEnbCs! 109%&' () -s& 10%&' ()- !10%& ()-3LI 109& ()-F 109& ()- ! 10%& ()-

>- | dEnbC " 10%&' ()-°S ! 100& ()- ! 10%& ()- " !10%& ()- F! 109%& ()-3s! 10%& () -
| 'U  PJEmbCLO! 109&' ()-LF.!1109& ()- L+ 109 ()- L)!10%& ()-

L9' | 10% ¢ondSAmY&Ix Yhis Rocarrglle QUGB Vidg stationll 4 6858 $0%8n(30,Ldnd the

109& ()-9f 51 109& ()- L3! 109 () - ~VAEMbCF 109%@& () - 10%@& () - 3" 10%@& () -

'll L %/%( %t}-an%]ﬁgtgég;@ﬁ% lS]fL ] / ()Qgr%dgqn%%@ tﬁg %@éfl)v?/as\g Ot sladion.
The simulated base station 30, used two antenna diversity for reception with each
antenna having a three finger RAKE receiver. The simulation approximated a
realistic channel and SIR estimation based on a midamble sequence-of burst type 1
field in the presence of additive white Gaussian noise (AWGN). The simulation
used an International Telecommunication Union (ITU) Pedestrian B type channel
and QPSK modulation. Interference levels were assumed to be accurately known
with no uncertainty. Channel coding schemes were not considered. The
CONSTANT VALUE and L, were set at O db.

For each of the power control techniques, Figure 5, graph 82 shows the
energy for a transmitted complex symbol in decibels (Es/No) required to maintain
a BER of 1% for various time slot delays, D, with the UE 32, moving at 30
kilometers per hour (km/h). As shown, at lower time slot delays, both weighted open
loop and open loop outperform closed loop. For higher time slot delays, weighted

open loop outperforms both open loop and closed loop. As shown in Figure 6,

graph 84, similar results occur if the UE 32, is traveling at 60 km/h.

* * *
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cVaBnba 17" 10%@& () -1/ nt 10%@& () -1, Z" 10%@& () -

Y1) Z"10%@& ()-!')10%& () - ZI %L0%@&' () - MkmbCY" 10%&' () -F 10@ 10@

10@L<10%@& ()-18Z"10%e& ()- " 6F" 10%@& () - 3F" 10%@&' () -

Rl dEMbCY, m' 109& () - Y"109& ()- 3 L109%& ()- 109& ()-Y'109& ()- |"109%& ()-
6@ENDC ' 109& ()- F#109& ()- F Z"109& ()- YLnt 109& ()- F"10%& ()- F"10%& ()-
@@nbCI10%. ()- 10 10 10<109%& ()- éﬁgﬁ%)- ~310% ()- *10% ()-
@S_dEnbCsy109& ()-910%& ()- s10%&' ()-SF T100& ()- 9 109 ()- sfS10% ()-
_. I dEnbCL$! 109%&' ()- L"!10%& ()- !10%& ()- "!10%& ()- &s10%& ()- | 10%& ()-
I qZdEnbCLIWHaYE ¢lpimedistoog ()- LF.!10% ()- L+! 10% ()-Ly)! 10% () -

L& ! 10%&' ()- P N bCL! 1096& ()- L!10%& ()- 10 10 10;

et 1+ UEbCost 10v54 (1 TIRRGR (it Setitalling wensuuission, PV Jevelhoipea serepd
spectrum time division duplex communication system having frames with time slots
for communication, a first communication station transmits a first communication
having a transmission power level in a first time slot (38), a second communication
station receives- the first communication and measures a power level of the first
communication as received (40), a path loss estimate is determined based on in part
the measured received first communication power level and the first communication
transmission power level (42), the method characterized by:
setting a transmission power level for a second communication in a second
time slot from the second station to the first station based on in part combining the
path loss estimate weighted by a first factor with a long term path loss estimate
weighted by a second factor (48), wherein the first and second factors are a function

of a time separation of the first and second time slots.

2. The method of claim 1 further characterized by:
determining the long term path loss estimate based at least in part upon an
average of path loss estimates of communications sent from the first station to the

second station (42, 44).
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9510%& ()- Z444L555D6dEbCS! 10%&' ()-!10%&' ()- !10%& () -

4. The method of claim 3 further characterized by a maximum time slot
delay is D, and the determined quality, ¢, is determined by

a=1-D-1)/D,,,

5. The method of claim 1 further characterized by the set transmission

power level compensates for differences in the uplink and downlink gains.

6. The method of claim 1 further characterized by the first station is a

base station and the second station is a user equipment.

7. The method of claim 1 further characterized by the first station is a user

equipment and the second station is a base station.

8. A spread spectrum time division duplex communication systemhaving
afirst (110) and second (112) communication station, the system using frames with
time slots for communication, a first communication having a transmit power level

in a first time slot is transmitted from the first station (110), the second station (112)
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1109 ()-4 110% ()- SI10%& ()- D6667W77dEbC 9%4.0%& () -#! 10%& ()-s 10%& ()-
C109& ()-!109& ()-1109& ()- 77@888FIJEDCL310%& () -

F1109& ()-.!109%& ()-,!109& ()-s)109%& ()-ms' 109& ()- F9999999C: : bCy! 109%& () -
1 109 ()-G 10 10 10; 310% ()-s8! 10%& ()- s&6! 10%& ()- ::);{;

. <medEDC! 1098 () - ! 109 ()- & 109 ()-!10% ()-3Y ! 10% ()-

Fi0oe () Teerane, B Hest Fifnication W€ heagiting' § Bolr 10EF o the' i (-
s)1 109 ()-ss' ! 109%& ()- 9! 10%& ()- 2d???@aEeMexnbCs& 109% & ()- 10 10 10:

310% () - eBmbdsication s re@ied, p-path loss estimate is determined based on in part the
sL3s! 109&' () - AMAGADAAAGBIENDC s! 109% & ()-"9s! 10%8 & ()- “'10% & ()-F |

'10%&'()- | 00 &' - | 00' ! _ * L 1 o1 _ . )
102, b AR5 B L SR O sbhnicaron
* 1096 & () - C*DDD, ESEEJENbC010% & () - 9. 109 & ()-9,s! 109% & ()-9)s! 10% & () -
L>* 1 10% &irapsmigsianpewer Jevebahnspetereharactizadby10” 10" S;
10% & ()-98'110% & ()- &5!10% & ()-"9310% & ()-L310% & () - UFFGRGGGHIEYNC
LLMLO% & () - ! 1898 &ohdtation (112) comprising:
means (100) for setting a transmission power level for a second
communication in a second time slot based on in part combining the path loss
estimate weighted by a first factor with a long term path loss estimate weighted by
a second factor, wherein the first and second factors are a function of a time
separation of the first and second time slots; and

means (106) for transmitting the second communication in the second

time slot at the set transmission power level.

9. The system of claim 8 further characterized by the second station (112)
further comprises:

means (94) for determining the long term path loss estimate based at least in
part upon an average of path loss estimates of communications sent from the first

station to the second station.

10.  The system of claim 8 further characterized by the first station (110)

further comprises:
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11.  The system of claim 10 further characterized by a maximum time slot
delay is D, and the determined quality, ¢, is determined by

a=1-({D-1)/D,,

12.  Thesystemof claim 8 further characterized by the setting means (100)
sets the transmission power level to compensate for differences in the uplink and

downlink gains.

13.  The system of claim 8 further characterized by the first station (110)

is a base station (30) and the second station (112) is a user equipment (32).

14. The system of claim 8 further characterized by the first station (110)

is a user equipment (32) and the second station (112) is a base station (30).

15. A communication station (112) having its transmission power level
controlled in a spread spectrum time division duplex communication system, the
system using frames with time slots for communication and having a second

communication station (110) transmitting a first communication in a first time slot,
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time slot, a channel estimation device (88) having an input configured to receive the

received first communication for producing channel information, a data estimation
device (90) having inputs configured to receive the received first communication and
the channel information for producing iﬁterprctcd data, apower measurernent device
(92) having an input configured to receive the channel information for producing a
~measurement of a received pow;ver level of the ﬁ;si communication, a pathloss

estimation device (94) having an input configured to receive the measured received
power level and comparing the measured received power level to a transmission
power level of the first communication for producing a pathloss estimate for the first
communication, the communication station (112) characterized by:

a quality measurement device (96) for producing a quality measurement based
at least in part upon a time separation of the first time slot and a second time slot;

a transmit power calculatiox; device (98) having inputs configured to receive
the pathloss estimation and the quality measurement for producing a power control
signal based at least in part upon combining the path loss estimate weighted by a first
factor and a long term pathloss estimate‘weighted by a second factor, wherein the
first and second factors are based on in part the quality measurement; and

an amplifier (106) having inputs configured to receive the power control

signal and a second communication to be transmitted in the second time slot for
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16. The communication station (112) of claim 15 further characterized by:

a data generator (102) for producing communication data;

a spreading and training sequence insertion device (104) having an input
configured to receive the communication data for producing the second
communication in the secoﬁd time slot; and

a modulator (108) having an input configured to receive the amplified second

~ communication for modulating the amplified second communication to radio

frequency prior to transmission.

17. The communication station (112) of claim 15 further characterized by:

a demodulator (86) having an input configured to receive the received first
communication for producing a baseband signal; and

wherein both the channel estimation device and the data estimation device

have an input configured to receive the baseband signal.
18.  The communication station (112) of claim 15 further characterized by

the quality measurement is in the range of zero to one and the first factor is the

quality measurement and the second factor is one minus the quality measurement.
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20. The communication station of claim 15 further characterized by the

communication station (112) is a user equipment (32) and the second station (110)

is a base station (30).
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