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the Invention The present inventionige [at es tel ephone systens. More
specifically, the present invention relates to a novel and inproved nethod
and apparatus for controlling transmtter lpower | n a code division multiple
access (CDMA) cellular nobile tel ephone system Description of the

Rel ated Art The u tion
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such as tinme division mltiple 3¢q95p cy division nmultiple
access (FDMA) and AM nodul ation sc erres such as anpﬁfll tude conpanded si ngl e
si deband (ACSSB) are known, CDMA has

5 BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates telephone systems. More spedifically,
the present invention relates to a novel and improved method and
10 apparatus for controlling transmitter power in a code division multiple
access (CDMA) cellular mobile telephone system.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation
15  techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA) frequency
division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known, CDMA has
20 significant advantages over these other techniques. The use of CDMA
techniques in a multiple access communication system is disclosed in
U.S. Patent application Serial No. 06/921,261, filed October 17, 1986,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
~ SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, now U.S.
25 Patent No. 4,901,307 assigned to the assignee of the present invention, the

disclosure thereof incorporated by reference.

In' the just mentioned patent, a multiple access technique is
disclosed where a large number of mobile telephone system users each
having a transceiver communicate fhrough satellite repeaters or terrestrial

30 base stations (also known as cell-sites stations, or for short cell-sites) using
code division multiple access (CDMA) spread spectrum communication
signals. In using CDMA communications, the frequency spectrum can be
reused multiple times thus permitting an increase in system user capacity.
The use of CDMA results in a much higher spectral efficiency than can be

35 achieved using other multiple access techniques. In a CDMA system,
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significant advantages over these other techniques. The use of CDVA

techniques in a multiple access conmuni cation.systemis disclosed. in US.
Pat ent application Serial No. 06/921,261, filed October 17, 1986, entitled,
" SPREAD SPECTRUM MULTI PLE ACCESS COMMUNIZCATI ON SYSTEM USI NG SATELLI TE- OR
TERRESTRI AL REPEATERS', now U.S. Patent No. 4,901, 307 assigned to the

assi gnee of the resent I nvention, the dlsclosure thereof incorporated by
ref er ence. W\Cl'ﬁhiaesj insStyS Bk CABA@ LY BaaveRe realizeg by ﬁP@”&B&?&é‘“ﬁt E@RAMYter i s

di scl osed Weerdol B5EE nvBIResEf sBTMY te re@haphaecfeidindeto Wikes spae havi ng
a transceiver communicate through satellite repeaters or terrestrial base

stations (aPé%rsknovm as cell-sites stations, or for short cell-sites) using
code division nuithi phe sstddte (Epwh)cmpmeamf sthvec t@ DR{ o nrariintdh i canicn gnal s.

|11 1% U COMTU 52 ke L85 RSIAEDEY RS e BRIV R LiPl
results in gignatlrebéigbérvia mesaﬂeﬁhteefa‘paaltmc}dsirkpnhmapobm anbasuretherdj ng
other mul ti glon R R eng%“%? the sfteﬁQ'XAtrsa}/\?ﬁg%er downlink transmit
power level and the sensitivity of the mobile unit receiver, the mobile
. unit transceiver can estimate the path loss of the channel between the
10 mobile unit and the satellite. The mobile unit transceiver then
determines the appropriate transmitter power to be used for signal
transmissions between the mobile unit and the satellite, taking into
account the path loss measurement, the transmitted data rate and the
satellite receiver sensmvxty
15 The signals transmitted by the mobxle unit to the satellite are
relayed by the satellite to a Hub control system earth station. The Hub
measures the received signal power from signals transmitted by each
active mobile unit transceiver. The Hub then determines the deviation in
the received power level from that which is necessary to maintain the
20 desired communications. Preferably the desired power level is a
minimum power level necessary to maintain quality communications so
as to result in a reduction in system interference.
The Hub then transmits a power control command signal to each
mobile user so as to adjust or “fine tune” the transmit power of the mobile
25 unit. This command signal is used by the mobile unit to change the
transmit power level closer to a minimum level required to maintain the
desired communications. As channel conditions change, typically due to
motion of the mobile unit, both the mobile unit receiver power
measurement and the power control feedback from the Hub continually
30 readjust the transmit power level so as to maintain a proper power level.
The power control feedback from the Hub is generally quite siow due to
round trip delays through the satellite requiring approximately 1/2 of a
second of propagation time.
One important difference between satellite or terrestrial base
35 stations systems are the relative distances separating the mobile units and
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transmtter power of each nobile user so as to reduce interference to other
systemusers. In the satellite application of the CDOMA comuni cation

techni ques, the nobile unit transceiver neasures the power |evel of a:
signal received via a satellite repeater. Bsing this power neasurenent,
along with know edge of the, satellite transponder downlink transmt power

| ovel and e SIS bY Rl h BT b i B Y
unit and the stieetdridserial Systemvisi thee typet of lf@dmgeﬂhsaerocthﬁsnudehﬁentmui‘ﬁleﬂdie
he nobi | e uni Thaf e QRIS PRUIRE Lottt itmed STREHIE PgdEH 187"
measur ement ,  t$ystémegposmert cardroldfon theterrestrial bystemt el | i te recei ver
sensitivity In the satellite/mobile unit channel, i.e. the satellite channel, the
satellite repeaters are normally located in a geosynchronous earth orbit.
As such, the mobile units are all at approximately the same distance from
the satellite repeaters and therefore experience nearly the same
propagation loss. Furthermore, the satellite channel has a propagation

10 loss characteristic that follows approximately the inverse square law, i.e.
the propagation loss is inversely proportional to the square of the distance
between the mobile unit and the satellite repeater in use. Accordingly, in
the satellite channel the variation in path loss due to distance variation is
typically on the order of only 1-2 dB.

15 In contrast to the satellite channel, the terrestrial/mobile unit
channe), i.e. the terrestrial channel, the distance between the mobile units
and the cell sites can vary considerably. For example, one mobile unit may
be located at a distance of five miles from the cell site while another
mobile unit may be located only a few feet away. The variation in distance

20 may exceed a factor of one hundred to one. The terrestrial channel
experiences a propagation loss characteristic as did the satellite channel.
However, in the terrestrial channel the propagation loss characteristic
corresponds to an inverse fourth-power law, i.e. the path loss is
proportional to the inverse of the path distance raised to the fourth power.

25 Accordingly, path loss variations may be encountered which are on the
order of over 80 dB in a cell having a radius of five miles.

The satellite channel typically experiences fading that is
characterized as Rician. Accordingly the received signal consists of a direct
component summed with a multiply reflected component having

30 - Rayleigh fading statistics. The power ratio between the direct and reflected
corhponent is typically on the order of 6-10 dB, depending upon the
characteristics of the mobile unit antenna and the environment about the
mobile unit. :

Contrasting the satellite channel with the terrestrial channel, the

35 terrestrial channel experiences signal fading that typically consists of the
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The signals transmtted by the nobile unit to the satellite are rel ayed by
the satellite to a Hub control systemearth station. The Hub neasures the
recei ved signal power fromsignals transnmigted by each active nobile unit
transcei ver. The Hub then determ nes the deviation in the received power

| evel fromthat which is necessary to pmmintain_ the desired comunications.
Preferably thRapleighefrdsshvcomparent vighauhi andirpetvsompangntnecElgsyr yhe o

mai nt ai n qual § ggléﬁ' 1l Bfsefs aSnidre! ké faBire ' i m
interference.{érl'%ee,ﬁllqilu thﬁﬁé S_‘?anem,ts a pgv\ﬁléc%nfth?gl?g gg%ﬁmtgﬁaﬁ%geach
mobi | e user seateHite shanpelswhere Rician fading 1s; the deminant: faging characteristieobi | e

unit. This commandTgj oh fadk i@ ' ' smt
power |evel cJ oser%ﬁghgwrlﬁlg' fa Qﬁ’gQ:Y\a eﬂ?@td ﬁ\lﬂﬁéttextr@st?ﬁi”&ﬂgnﬂglglsfg@?ﬁ‘

I mu I,evelfiq%uredto maiqn aln t _
conmuni cati on$. canse SIgBAL PENGEe g‘rﬁjgéﬁomﬁﬁﬁﬁl 1%‘”@&‘6 featuzes pbthef '
the nobil e unphysieslt n¥ibenifieht.| Asudiresulgce sigatal ReYIves ABABLY SRtarddfhiste
power control” feedbagk,from.the Hub cagnti nual l rgag{ﬁlést t he, gra‘i}z&ht" Eower
level so as t® ri MR UBHoJECEH SR ATPRY M PREoNYItE| GiEieagBEK
fromthe Hub irangevission Idelaysi t AtsthevWUHefrequency bands usually employed for

mobile radio communications, including those of cellular mobile
10 telephone systems, significant phase differences in signals traveling on
different paths may occur. The possibility for destructive summation of
the signals may result, with on occasion deep fades occurring.
Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
15 changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. Thus, the motion of the
mobile unit through the environment can result in a quite rapid fading
process. For Example, in the 850 MHz cellular radio frequency band, this
fading can typically be fast as one fade per second per mile per hour of
20 vehicle speed. Fading on this order can be extremely disruptive to signals
in the terrestrial channel resulting in poor communication quality.
However, additional transmitter power can be used to overcome the
problem of fading,.
The terrestrial cellular mobile telephone system typically requires a
25 full-duplex channel to be provided in order to allow both directions of the
telephone conversation to be simultaneously active such as provided by
the conventional wired telephone system. This full-duplex radio channel
is normally provided by using one frequency band for the outbound link,
i.e. transmissions from the cell-site transmitter to the mobile unit
30 receivers. A different frequency band is utilized for the inbound link, i.e.
transmissions from the mobile unit transmitters to the cell-site receivers.
According, this frequency band separation allows a mobile unit .
transmitter and receiver to be active simultaneously without feedback or
interference from the transmitter into the receiver.
35 The use of different frequency bands has significant implications in
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round t Mp9dBIGs through the satellite requiring approxi rrpt@}tysg],l,(%@g a
second of propagation tine. One inportant difference between satellite or
terrestrial base stations systens are the relative distances separating the
nobile units and 3 the satellite or cell-site. Another inportant
different in the satellite versus the terrestrial systemis the type of
fading that occurs in these channels, Thus, these differences require

various refinements in the ilg.)?rﬂach t o system power .control for the
Joe ¢

terrestrial syB¢ QAWEH CPREO piqellrsithiand mabile: HaHyansmitsers; hblse of

satellite cha@mﬁénenttffee%ﬁér@ylﬁiﬂsrmag ¢hé rMaRipkthfabing ko balindepBndent
geosynchr onous eartg%gr }tgﬁs? sach t he, nobi IS uml,tss re sll at,
appr oxi mat el y PRAEEssehorthe inbound, id H‘l‘gb%‘é’?%lc Arge epga‘i“@ de 2t cARARE or e
experi ence negithply hressaure theopaganirah channel fpathHossuiml abiemeafifit! iHee
channel has asgrrn%p}gla%ﬁtllogsnis present on the inbound channel.
It is therefore, an object of the present invention to provide a novel
and improved method and apparatus for controlling in the terrestrial
channel transmitter power 50 as to overcome deleterious fading without
causing unnecessary system interference which can adversely affect

10 overall system capacity.

SUMMARY OF THE INVENTION

In a terrestrial CDMA cellular mobile telephone system, it is

15  desirable that the transmitter power of the mobile units be controlled so as

to produce at the cell site receiver a nominal received signal power from

each and every mobile unit transmitter operating within the cell. Should

all of the mobile unit transmiitters within an area of coverage of the cell-

site have transmitter power controlled accordingly the total signal power

20 received at the cell-site would be equal to the nominal receiver power of

the mobile unit transmitted signal multiplied by the number of mobile

units transmitting within the cell. To this is added the noise power
received at the cell-site from mobile units in adjacent cells.

The CDMA receivers of the cell-site respectively operate by

25 converting a wideband CDMA signal from a corresponding one of the

mobile unit transmitters into a narrowband digital information carrying

signal. At the same time, other received CDMA signals that are not

selected remain as wideband noise signals. The bit-error-rate performance

of the cell-site receiver is thus determined by the ratio of the power of the

30 desired signa‘l to that of the undesired signals received at the cell-site, i.e,,

the received signal power in the desired signal transmitted by the selected

mobile unit transmitter to that of the received signal power in undesired

signals transmitted by the other mobile unit transmitters. The bandwidth

reduction processing, a correlation process which results.in what is

35 commonly called “processing gain”, increases the signal to noise
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| oss characteristic that foll ows approxi mately the inverse square law, i.e.
t he propagation loss is inversely proportional to the square of the .

di stance between the nobile unit and the 6atellite repeater in use. )
Accordingly, in the satellite channel the variation in path | oss due to

di stance variation is typically on the order of only 1-2 dB. In contrast to
the oatel |1 dRISTERTRRIS T{ e Fraumy .OFRRUFF HORT &0 nPPSIHA VRIS thug aligreing
terrestrial Cdmﬂ@dm vikieindars aateptabletbiberroriraterobi | e units and the cel |
sites can vary consi der abl $/ . EOﬁmrrpl i 1one m%gll I g un&}t may be | ocafed at
a distance of fiveinfl ESTEPITIA | cediylar mopile, felepboneoystem i smay
be | ocat ed 0f’dx!reimélyvdésiﬁblewemthﬁizeafheath?xcii:)n inlitefrAB G Y nAKRE bfa
factor of one.hurll red tot&?neft‘ The ierg‘e§t ria chﬁnngi eixgeri ences a
propagat i Bn ISSLTEANEPRE eeiRene fally; HaF may,Pg) hradled I IGIVERAXFEM | 1
the terrestritandwidtieSystemn gapadyatam bel maximizadaf the snismitter posveersis t o
an inverse fourgh- s ' e..pat ' tiongal to th
i nver se of tﬁécbra}f\ﬁggﬁs‘f!{alﬁ\g% c?gﬁ's%%gtso&?‘hgl#gtz\r%t h‘ig%é@?gé ﬁ&%ﬁdﬁ‘rﬁﬁ’ieﬁﬁpat h
| oss vari ati dhe cetlysitecrecaiveuat: thectrinishalrsignal tnnoise interferente gatio whicHB i n
a cell havi ngigladidpeilelag Lebféry. If a signal transmitted by a mobile unit
10 arrives at the cell-site receiver at a power level that is too low, the bit-
error-rate may be too high to permit high quality communications. On
the other hand if the mobile unit transmitted signal is at a power level
that is too high when received at the cell site receiver, communication
with this particular mobile unit will be acceptable. However, this high
15  power signal acts as interference to other mobile unit transmitted signals
that are sharing the same channel, i.e. bandwidth. This interference may
adversely affect communications with other mobile units unless the total
number of communicating mobile units is reduced.
The path loss of signals in the UHF frequency band of the cellular
20 mobile telephone channel can be characterized by two separate
phenomena, average path loss and fading. The average path loss can be
described statistically by a log-normal distribution whose mean is
proportional to the inverse fourth- power of the path distance, and whose
standard deviation is approximately equal to 8 dB. The second
25 phenomena is a fading process caused by multipath propagation of the
signals which is characterized by a Rayleigh distribution. The average path
loss, which is a log-normal distribution, can be considered to be the same
for both the inbound and outbound frequency bands, as is for the
conventional cellular mobile telephone systems. However, as mentioned
30 previously Rayleigh fading is an independent phenomena for the
inbound and outbound link frequency bands. The log-normal distribution
of the average path loss is a relatively slow varying function of position.
In contrast, the Rayleigh distribution varies relatively fast as a function of

position.
35 In the present invention, a CDMA approach to multiple user access
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The satwedldittogoshannel typically experiences fading that i ﬁ}g( rjizZzed as
Rician. Accordingly the received signal consists of a di rtsa':: gerrg}é)ﬁ‘éh{tz

sutmmed with a nultiply reflected conponent havi ng Rayl ei gh fading
statistics. The power ratio between the direct and refl ected conmponent is
typically on the order 'of 6-10 dB, depengi ng upon the characteristics of
the nobile unit antenna and the environnent about the nobile unit.
Contrasting the satellite channel with the terrestrial channel, the
terrestrial clmanellwapsrobile telephenesystemy isgimplameteidc aln gudvassystemof

t he 4 Rayl gy f.afe O{Fg% | il he
terrestrial c égﬂ%f:@g?gs?gg‘?g a nol}gais‘_geﬁgr?a ngﬁg&gﬁgﬁfgﬂnﬁg%?et%ﬁ%
satel lite chaanélcodger Bheruse &f & pphsignal img S¥stenisalsi wgll known. In

gﬂgaﬁglt e;: Stn ;Fnis PagtiBaMk @ipplichB8hNtheCPROLSERR] & LS&d b thaembBile &iifs' fr
5g initial synchronization of the mobile unit receiver. The pilot signal is also
used as a phase and frequency reference, and a time reference for
demodulation of the digital speech signals transmitted by the cell-site.
In the present invention, each mobile unit estimates the path loss
in signals transmitted from the cell-site to the mobile unit. In order to
10 make this signal path loss estimate, the power level of the cell-site
transmitted signals, as received at the mobile unit, are measured. The
mobile unit thus measures the pilot signal power as received from the
cell-site to which the mobile unit is cdmmum'cating. The mobile unit also
measures the power level sum of all cell-site transmitted signals as
15 received at the mobile unit. The power level sum measurement as
described in further detail later herein, is necessary to handle cases in
which the mobile unit might temporarily obtain a better path to a more
distant cell-site than to a normally preferred closest cell-site.
The outbound link path loss estimate is filtered using a non-linear
20 filter. The purpose of the non-linearity in the estimation process is to
permit a rapid response to a sudden improvement in the channel while
only allowing a much slower response to a sudden degradation in the
channel. The mobile unit in response to a sudden improvement in the
channel thus suddenly reduces mobile unit transmitter transmit power.
25 Should the channel for one mobile unit suddenly improve, then
the signal as received at the cell-site from this mobile unit will suddenly
increase in power. This sudden increase in power causes additional
interference to all signals sharing the same wideband channel. A rapid
response to the sudden improvement will thus reduce system
30 interference. |
A typical example of a sudden improvement in the channel occurs
when a mobile unit is moving through an area that is shadowed by a large
building or other obstruction and then drives out of the shadow. The
channel improvement, as a result of the vehicle movement, can take
35 place on the order of a few tens of milliseconds. As the mobile unit drives
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I s caused by the signal being reflected frommany different features of the
physical environnment. As a result, a signal arrives al nost sinultaneously
at a nobile unit receiver frommany di rePti ons with different transm ssion
del ays. At the UHF frequency bands usual 'y enpl oyed for nobile radio
comuni cations, including those of cellular nobile tel ephone systens,

si gni fi cant qltasfethdi sHaelosvycthe dutbsunddink sigmabhs mecaived byf theembbilatifrdt may

occur. The poﬁghglﬂgé‘é&ﬁ‘% o185k s?r%%g\’ﬁ sunmation of the signals may result,

with on occa¥ s -occurri Terrestrial channel fading is a very .
strong function dFhé batiphysd diak pathi kqseresumatheatntb\leu mebilai unit As sisedl Ibychange

|1 0051 100 8, WIC bl el FIAPUSHRCDELAShiNE) bl Thlsl I
each pat B. mgarrmememdomgmle the dpwer Lthiet mobig Uit transanivier power can
ol lul ar v adih ?’geaﬁ%t“?ﬁﬁgg 088 pigpal ookt TE CELAIR Ifcgleg ihiane
fade per secwoobilpamitrig %lﬂb@'r psuto Hre calhpite orgledan unustially geadhpathotier
can be extrepgl yelflkie bdid e Rébe?:'tﬁﬂabﬁ al Strbig diphaksidang! thakanpahtvesH! ting
in poor communication quality.
smaller mobile umt transmitter power level is required in nominal
10 received power at the cell-site the mobile unit.

In the case where there is a temporary but yet sudden degradation in
the channel it is desirable that a much slower increase in mobile unit
transmitter power be permitted. - This slow increase in mobile unit
transmitter power is desired so as to prohibit an unnecessarily rapid

15 increase in mobile unit transmit power which increases the interference to
all other mobile units. Thus a temporary degradation in one mobile unit
channel will be tolerated in order to prevent a degradation of all mobile
unit channels. -

In the case of a sudden degradation in the channel, the non-linear

20 filter prevents the mobile transmitter power from being increased at a
high rate in response to the sudden decrease in signal power in signals
received at the mobile unit. The rate of increase of the mobile unit
transmitter transmit power must generally be limited to the rate of a
closed loop power adjustment command transmitted from the cell-site, as

25 described below, can reduce the mobile unit transmitter transmit power.
Using the cell-site generated power adjustment commands, the mobile
unit transmitter power will be prevented from being increased to a level
significantly higher than the level required for communications,
particularly when a sudden channel degradation occurs in only the

30 outbound link path and not in the inbound link path.

It should be noted that it is undesirable to simply use a slow
response on the mobile unit transmitter power control in an attempt to
separate the fast Rayleigh fading from the slow fading due to distance and
terrain. A slow response in the mobile unit transmitter power control is

35 undesirable because the possibility of sudden improvements and fades
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However , wgslgli fphgyral transmitter power can be used to overcone the probl em
of fading. The terrestrial cellular nobile tel ephone systeanVﬁV%%VWV'x
requires-a full-dupl ex channel to be provided in order to allow both
directions of the tel ephone conversation to be sinmultaneously active such
as provided by the conventional wred tele@hone system This full-duplex
radi o channel is normally provided by using one frequency band for the
out bound link, i.e. transmssions fromthe cell-site transmtter to the

mobi | e unit regritvfeet the ﬁhﬁétﬁf&ahdfdﬁﬁdﬂﬂdkhbﬁﬂélﬁle_ij[dallyl | FaHe respdilse to

i nbound link, i.e.,transm ssions fromth rT:iI)bI Iga%g‘lv tran%‘[]’n ttgs to the

cell-site recef len\ Ry efgent h‘f%feffPeﬁﬁé 2yye RPN filtsE HheryfRers

mobi | e unit travmﬂi:ltberfrecp.dameoeda\smnst oviien ahé imebideée nunit anensal tferwipblivait

f eedback or interf.erence, mthe transmtter jnto the egﬁi ver..lhe use of
5 q? rfle qu bile

di fferent freqtild BEtice jeacess Ve end Cafipe infsrierente o] Hfer mobile users.

5 Thus the present invention uses a two-time constant, non-linear approach
in estimating the path loss.

In addition to measuring the received signal strength in the mobile
unit, it is also desirable for the processor in the mobile unit to know the
cell-site transmitter power and antenna gain (EIRP), the cell-site G/T

10 (receive antenna gain G divided by receiver noise level T) the mobile unit
antenna gain, and the number of calls active at this cell-site. This
information allows the mobile unit processor to properly compute the
reference power level for the local power setting function. This
computation is done by calculating the cell- site to mobile link power

15 budget, solving for the path loss. This path loss estimate is then used in
the mobile cell-site link budget equation, solving for the mobile unit
transmit power required to produce a desired signal level. This capability
allows the system to have cell-sites with differing EIRP levels to
correspond to the size of the cells. For example, a small radius cell need

20 not transmit with as high a power level as a large radius cell. However,
when the mobile unit is a certain distance from a low power cell, it would
receive a weaker signal than from a high power cell. The mobile unit
would respond with a higher transmit power than would be necessary for
the short range. Hence, the desirability of having each cell-site transmit

25 information as to its characteristics for power control.

The cell-site transmits information such as cell-site EIRP, G/T and
number of active calls on a cell-site setup channel. The mobile unit
receives this information when first obtaining system synchronization
and continues to monitor this channel when idle for pages for calls

30 originated within the public telephone switching network intended for
the mobile unit. The mobile unit antenna gain is stored in a memory in
the mobile unit at the time the mobile unit is installed in the vehidle.

As mentioned previously, mobile unit transmitter power is also
controlled by a signal from the cell-site. Each cell-site receiver measures

35 the strength of the signal, as received at the cell-site, from each mobile
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5 the power control of the cell-site and nobile unit transmtters. Use of
different frequency bands causes the nultipath fading to be i ndependent
processes for the inbound and outbound chzlanel s. A nobile unit cannot

si mply measure the outbound channel path |oss and assune that the same path

rosent | nventnin to vl 2e SUEIBENS iny b AR Rl e ana e, Bikastinedr or

control ling isigriaé steengthtisi edmphrerheb ardesirdd signalosteength bevel doovidratone

del eteri f th

can_adver sel y PAFFeuAr Srgile AL 2 peveCEaRRinefY RRRTNeRA JE R RIERATRE '

terrestrial CEM!t ¢el thel avobilsbiungt inl émomb@\]sdehnkl dafas cniesnolczeblchanhal t he

transm ttef pgm?eé)sfedt r@@ h‘?oﬁ‘lﬂ!t ipe CIHmré 8 $8 AR 119§1 w%’i- the
e

cell site Tecerver recel ve S|gna wer from ea
nmobi | e unit tadmmemwomaa the e ﬁqmblwasessqamdegr@ses dhetmebﬂﬁbl | e

unit transm t {&iSedhiRiteriPowbr By pFtEbARME alldirtChbminally 1 dB.
The power adjustment command is transmitted by the cell-site
transmitter at a relatively high rate, typically on the order of about one
10 command every millisecond. The rate of transmission of the power
adjustment command must be high enough to permit Rayleigh fading on
the inbound link path to be tracked. It is further desirable for the
outbound link path Rayleigh fading impressed on the inbound link path
signal to be tracked. One command per millisecond is adequate to track
15 the fading processes for vehicle speeds in the range of 25-50 miles per hour
for 850 MHz band mobile communications. It is important that the
latency in determining the power adjustment command and the
transmission thereof be minimized so that channel conditions will not
change significantly before the mobile unit receives and responds to the
20 signal. |

In summary, to account for the independence 'of the two Rayleigh
fading paths (inbound and outbound), the mobile unit transmitter power

* is controlled by the power adjustment command from the cell-site. Each -
cell-site receiver measures the received signal strength from each mobile

25 unit. The measured éignal strength is compared to the desired signal
strength for that mobile unit and a power adjustment command is
generated. The power adjustment command is sent to the mobile unit in
the outbound data or voice channel addressed to that mobile unit. This
power adjustment command is combined with the mobile unit one way

30 estimate to obtain the final value of the mobile unit transmitter power.

The power adjustment command signal is transmitted, in an

exemplary embodiment, by overwriting one or more user data bits every .
millisecond. The modulation system employed in CDMA systems is
capable of providing correction coding for user data bits. The overwrite by
35 the power adjustment command is treated as a channel bit error or erasure
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site hawe) bramngyy tter power controlled accordingly the total. s] |  power
received at the cell-site would be equal to the nom nal re?g]—z{ég%zgﬁé? of

the nobile unit transmtted signal nmultiplied by the nunber of nobile units
transmtting within the cell. To this is added the noi se power received at
the cell-site fromnobile units in adjacent cells. The CDVA receivers of
the cell-site respectively operate by converting a w deband CDVA si gnal
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i ncreases t he datychanpel spmbels.

The cell-site controller or processor can be used to determine the
desired signal strength, as received at the cell-site, for signals transmitted

10 by each mobile urit. The desired signal strength level values are provided
to each of the cell-site receivers. The desired signal strength value is used
for comparing with a measured signal strength value for generating the
power adjustment command. |

A system controller is utilized to command each cell-site processor

15 as to the value of desired signal strength to use. The nominal power level
can be adjusted up or down to accommodate variations in the average
conditions of the cell. For example, a cell-site positioned in an unusually

“ noisy location or geographic region might be allowed to use a higher than
normal inbound power level. However, such a higher power level for in-

20 cell operation will result in higher levels of interference to immediate
neighbors of this cell. This interference can be compensated for by
allowing the neighbor cells a small increase in inbound link power. Such
an increase in inbound power in neighboring cells would be smaller than
that of the increase given to the mobile users communicating in the high

25 noise environment cell. It is further understood that the cell-site
processor may monitor the average bit-error-rate. This data may be used
by the system controller to command the cell-site processor to set an
appropriate inbound link power level to assure acceptable quality
communications.

30 It is also desirable to provide a means for controlling the relative
power used in each data signal transmitted by the cell-site in response to
control information transmitted by each mobile unit. The primary reason
for providing such control is to accommodate the fact that in certain
locations, the outbound channel link from the cell-site to the mobile unit

35 may be unusually disadvantaged. Unless the power being transmitted to

~
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6 interference ratio froma negative value to a positive val ue thus

all ow ng operation within an acceptabl e bH -error-rate. In a terrestrial
CDMVA cel lular nobile tel ephone systemit 2s extrenely desirable to nmaxi-m ze
the capacity in terns of the nunber of si rrultaneous t el ephone calls that

may be handl %th @nébﬂéviennﬁzyéém bmadwudm %béﬁﬁaﬁhfa)écﬁﬁﬁbﬁe An
maxi m zed if e transmtter, power ,of ‘eac %e"e unit . 1.s co ol I ed such

that the tra®XamRlePtss p 18?4*?%? & P?’rﬂet re dhe path doss, &0 ane: Ae tWioni nal

signal to noin?e@ hbbAh eeames Irédlairky whecémﬁélwahac?@m abss teafhe CENMIRS Y.
I f a signal tra smtt ﬁﬁ t arrives at .the cell-site recejver

at a power |@@&tmma€ah1%gtw i 4nib, - _sughs aplocation,othe) tokal o
pernmt high qﬂﬁérfér)éne@mmacwé imsaseenb hred ignedandr tiie iﬂt@rﬂéﬁéhdeeséémlt
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the interference coming from these neighboring cell-sites w1ll not fade in
unison with the desired signa-l as would be the case for interference
coming from the desired cell-site. This situation may required 3-4 dB

10 additional signal power to achieve adequate performance.

In another situation, the mobile unit may be located where several
strong multi-path signals arrive, resulting in larger than normal
interference. In such a situation, increasing the power of the desired
signal relative to the interference may allow acceptable performance. At

15 other times, the mobile unit may be located where the signal-to-
interference ratio is unusually good. In such a case, the cell-site could
transmit the desired signal using a lower than normal transmitter power,
reducing interference to other signals being transmitted by-the system.

To achieve the above objectives, the preferred embodiment

20 includes a signal-to-interference measurement capability within the
mobile unit receiver. This measurement is performed by comparing the
power of the desired signal to the total interference and noise power. If
the measured ratio is less than a predetermined value, the mobile
transmits a request to the cell-site for additional power in cell-site

25 transmissions. If the ratio exceeds the predetermined value the mobile
unit transmits a request for a reduction in power.

The cell-site receives the power adjustment requests from each
mobile and responds by adjusting the power allocated to the
corresponding cell-site transmitted signal by a predetermined amount.

30 The adjustment would usually be small, on the order of 0.5 dB, or 12% .
The rate of change of power may be somewhat slower than that used for
the inbound link from the mobile unit to cell-site, perhaps once per
vocoder frame, or nominally once per 15 milliseconds. The dynamic
range of the adjustment would also be limited to 4 dB less than nominal

35 to about 6 dB greater than nominal. '
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w th thw)pamrgizul ar nobile unit will be acceptable. Howev ' [,gh
power signal acts as interference to other nobile unit tra??%’@?%‘g’"g'gna| S
that are sharing the sane channel, i.e. bandwidth. This interference may
adversely affect comunications with other nobile units unless the-total
nunber of conmunicating nobile units is rd@uced. The path | oss of signals
in the UHF frequency band of the cellular nobile tel ephone channel can be
characterized by two separ‘ate,phggomana, aver age .patéjiﬁ | oss and fading. The

average path |oss cee erll-side apystadsa cangider ¢hg Pewsy demends being made on
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frequency bangmwerswoald svﬂillﬁ')b?ranmbattﬁmnakmail]]m% ghamgi | e t el ephone

systens. However, as nentioned previously Rayleigh fading is an i ndependent
phenonmena for the

BRIEF DESCRIPTION OF THE DRAWINGS

10 The features and advantages of the present invention will become
more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters
correspond throughout and wherein: -

Figure 1 is a schematic overview of an exemplary mobile cellular

15 telephone system;

Figures 2A-2D illustrate, in a series of graphs, mobile unit received
signal strength and transmit power as a function of distance;

Figure 3 is a block diagram of a cell-site with particular reference to
the power control features of the present invention;

20 Figure 4 is a block diagram of the mobile unit with particular
reference to the power control features of the present invention;

Figure 5 is a block diagram illustrating in further detail the power
control features of the mobile unit of Figure 4; and
Figure 6 is a block diagram illustrating in further detail the power
25 control features of the cell-site of Figure 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS '

30 An exemplary terrestrial cellular mobile telephone system in which
the present invention is embodied is illustrated in Figure 1. The system
illustrated in Figure 1 utilizes CDMA modulation techniques in -
communications between the system mobile user, and the cell-sites.
Cellular systems in large cities may have hundreds of cell-site stations

35 serving hundreds of thousands of mobile telephones. The use of CDMA
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I nbound and out bound |ink frequency bands. The | og-normal distribution of
the average path loss is a relatively slow varying function of position.
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telephone calls from the pubhc switched telephone network (PSTN) to the
appropriate cell-site for transmission to the appropriate mobile unit.
Controller 10 also controls the routing of calls from the mobile units via at
least one cell-site to the PSTN. Controller 10 may direct calls between
mobile users via the appropriate cell-site stations since such mobile units
do not typically communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or by radio frequency
communications. In Figure 1, two exemplary cell-sites, 12 and 14, along
with two exemplary mobile units 16 and 18 which include cellular
telephones are illustrated. Arrows 20a-20b and 22a-22b respectively define
the possible communication links between cell-site 12 and mobile units 16
and 18. Similarly, arrows 24a-24b and arrows 26a-26b respectively define
the possible communication links between cell-site 14 and mobile units 18
and 16. Cell-sites 12 and 14 normally transmit using equal power.

Mobile unit 16 measures the total received power in pilot signals
transmitted by cell-sites 12 and 14 upon path 20a and 26a. Similarly,
mobile unit 18 measures the total received power in pilot signal as
transmitted by cell-sites 12 and 14 upon paths 22a and 24a. In each of
mobile units 16 and 18, pilot signal power is measured in the receiver
where the signal is a wideband signal. Accordingly, this power
measurement is made prior to correlation of the received signal with a
pseudonoise (PN) spectrum spreading signal.

When mobile unit 16 is closer to cell-site 12, the received signal
power will be dominated by the signal traveling path 20a. When mobile
unit 16 is nearer to cell-site 14, the received power will be dominated by
the signal traveling on path 26a. Similarly, when mobile unit 18 is closer
to cell-site 14, the received power will be dominated by the signal on path
24a. When mobile unit 18 is closer to cell-site 12, the received power will
be dominated by the signal traveling on path 22a.
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In the present invention, a CDVA approach to nultiple user access
7 in a cellular nobile te|lephone systemis inplenented, In such a system



in sign¥sIWPEIEMm tted fromthe cell-site to the nobile unper/iSvoafedegs to
make this signal path loss estimte, the power level of the cell-site
transm tted signals, as received at the nobile unit, are neasured. The
mobil e unit thus nmeasures the pilot signal _power as received from-the
cell-site to which the nobiieunit is comd®nicating. The nobile unit also
neasures the power |level sumof all cell-site transmtted signals as
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unit suddenly | nprave,
either fixed in memory or transmitted in cell-site information broadcast
signals, setup channel, to indicate other than nominal conditions for a
10  particular cell-site.

As a result of the determination of the mobile unit nominal
transmit power, in the absence of Rayleigh fading and assuming perfect
measurements, the mobile unit transmitted signals will arrive at the
nearest cell-site precisely at the desired carrier-to-noise ratio. Thus the

15 desired performance will be obtained with the minimum amount of
mobile unit transmitter power. The minimization of the mobile unit
transmitted power is important in a CDMA system because each mobile
unit causes interference to every other mobile unit in the system. In
minimizing the mobile unit transmitter power, system interference will

20 be held to a minimum, thus allowing additional mobile users to share the
frequency band. Accordingly, system capacity and spectral efficiency is
maximized.

Figure 2A illustrates the effect of both Rayleigh fading as a function
of distance on the strength of the cell-site transmitted signal as received at

25 a mobile unit. The average path loss, indicated by curve 30, is determined
primarily by the fourth-power of the distance between the cell-site and the
mobile unit, and by the shape of the terrain between them. As distance
increases between the mobile unit and the cell-site, signal power decreases
as received at the mobile unit for a constant power transmitted cell-site

30 signal. The average path loss is the same for both directions of the link,
and typically exhibits a log-normal distribution about the average path
loss.

In addition to the slowly varying log-normal average path loss, the
rapid fading up and down around the average path loss is caused by the

35 existence of multiple path signal propagation. The signals arrive from
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the signal as received at the cell-site fromthis nobile unit wll suddenly
I ncrease in power. This sudden increase in power causes additional.
interference to all signals sharing the sbre w deband channel. A rapid-
response to the sudden inprovenment will thus reduce systeminterference. A
typi cal exanple of
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channels. For example, when the outbound channel is fading, the
inbound channel is not necessarily fading at the same time.

Figure 2B illustrates the mobile unit transmitter power adjusted to
correspond to the link path signal strength of Figure 2A. In Figure 2B,

10 curve 34 represents the desired average transmit power corresponding to
the average path loss of curve 30 of Figure 2A. Similarly, curve 36
corresponds to the mobile unit transmitter power responding to the
Rayleigh fading as represented by curve 32 of Figure 2A. As the Rayleigh
faded signal, curve 32 of Figure 2A, decreases in signal strength, rapid

15 increases in transmitter power result. These rapid upward excursions of
transmitter power can result in deleterious effects in overall system
performance. Therefore, the present invention envisions the use of a
nonlinear filter to control rapid upward excursions, or increases, in
transmitter power Furthermore, the present invention‘also utilizes closed

20 loop power adjustment feedback from the cell-site to adjust mobile unit
transmitter power.

Figure 2C illustrates the mobile unit transmitter power
corresponding to Figure 2A without taking into consideration the cell-site
closed loop power adjustment feedback. In Figure 2C the desired average

25 transmit power, as represented by curve 34', corresponds to the mobile
unit received signal strength of curve 30 of Figure 2A. Curve 38 illustrates
the transmitter power utilizing the non-linear filter in power control of
the present invention.

The rapid upward excursions in transmitter power, as indicated by

30 the dashed lines of Figure 2C and correspond to the upward excursions in
curve 36 of Figure 2B, are significantly reduced. In curve 38, the upward
excursions are significantly reduced by setting the rate of increase in
transmit power to a fixed value. The resulting variation in transmitter
power relative to the desired transmit power is both limited in dynamic

35 range and in rate of change. This limitation allows the closed loop power
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the nowdeimnoi? to adjust the nobile unit transmtter po“ﬁ;ﬂ/-&gﬁfms};ge
stronger the received signal, the ower the nobile unit transmtter power

will be. Reception of a strong signal fromthe cell-site indicates that the
nobile unit is either dose to the cell-site or else an unusually good path
to the cell-site exists. Reception of a éWWong signal means that a
relatively smaller nobile unit transmtter power level is required in

nom nal receiyved power.at,t cell-sjite the. [lLe_unit. In e,case _where
Cherecis a reimurera Ranatt ofieess” i be SRR iatfibenn AR BS e “Rord
desirabl e t hatffetivedt & oy lawer eargeoli dataotite.e Teansmitr powet, taseindpeated be
permtted. R $53L0vd %%rg@ﬁﬁmqa WBbdécgeM Gt SR %gé@%‘%& th?nd%?' red
so as to prohibit an unnécessarily rapid Increase In e unrt transmt
power which imeredsees the interference to all other nobile units. Thus a

tenpor ar y 5degr adat A9 mlistane@dntrdiabés f1oth tthepoined markeddD DL etain@thitter or der
to prevent a degradation of all nmphile unit” channels. In the case of a

sudden degr ad@@Wenh defreases Eathghquicklyecosresponeding toia sudder dmproyemeat
nobi | e transnint ther cipnweel. fBetwdeai tie distamas pdirds marked D,-Dj the channel
degrades with a corresponding increase in transmitter power. The change
in degradation is not so significant such that the non-linear filter

10 maximum rate limits the rate of increase in transmitter power.

As distance increases as from the distance points marked D3-Dy, the
channel degrades much more rapidly than the nonlinear filter will permit
an increase in transmitter power. During this period, transmitter power
increases at the maximum rate permitted by the non-linear filter. During

15 the distance change indicated by marks D4-Ds, the channel begins
improving. However, as the quality of the channel improves the
transmitter power continues to increase at the maximum rate until
transmitter power is sufficient to meet the desired level such as at
mark Ds.

20 It is desirable to eliminate the upward excursions in transmitter
‘power which may cause unnecessary system interference. Should a better
path to another cell-site occur, which would result in unnecessary
interference in the system, quality communications in the system may be
maintained by limiting the rate of increase in transmitter power.

25 Figure 2D is a graph illustrating the cell-site received signal power
strength with respect to transmissions of the mobile unit as it travels from
the cell-site. Curve 40 indicates the desired average received signal power
at the cell-site for a signal transmitted from a mobile unit. It is desirable
that the average received signal power be at a constant level, yet a

30 minimum necessary to assure a quality communication link with the
mobile unit. Corrections are made at the mobile unit to correct for
Rayleigh fading in the cell-site transmitted signal.

The mobile unit transmitted signal experiences Rayleigh fading
before arriving at the cell-site receiver. The signal received at the cell-site

35 is therefore a signal of constant average received power level but still with
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high rate in response to the sudden decrease in signal power in signals
received at the nobile unit. The rate of increase of the nobile unjt
transmitter transmt power must generallyi®e limted to the rate of a

cl osed | oop power adjustnent command transmtted fromthe cell-site, as
descri bed bel ow, can reduce the nobile unit transmtter transmt power.
Usi ng t he cel thesiRaylgigherfadéng pefictheadnpbeunenchannabiiapressed nthsres pomi t
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command process employed at the cell-site is such a mechanism for
adjusting the mobile unit transmitter power, so as to compensate for the
10 Rayleigh fading on the inbound channel. In Figure 2D, curve 44 illustrates
the mobile unit transmitted signal power as received at the cell-site when
compensating for average path loss and Rayleigh fading on both the
inbound and outbound channels. As can be seen in Figure 2D curve 44
follows close to curve 40 except for instances of severe fading where the
15 fading process is minimized by the closed loop control.

In Figure 3, antenna 52 is provided for receiving multiple mobile
unit transmitted signals which are then provided to analog receiver 54 for
amplification, frequency downconversion and IF processing of the
received RF signal. The analog signals output from receiver 54 are

20 provided to a plurality of receiver modules for, extraction of user directed
information signals, generation of power adjustment commands, and
modulation of user input information signals for transmission. One such
module used in communications with a particular mobile unit, such as
mobile unit N, is module 50. Thus the output of receiver 54 is provided to

25 a plurality of these modules induding module 50.

Module 50 comprises digital data receiver 56, user digital baseband
circuit . 58, received power measurement circuitry 60 and transmit
modulator 62. Digital data receiver 56 receives the wideband spread
spectrum signals for correlating and despreading the mobile unit N

30 transmitted signal to a narrowband signal for transfer to an intended
recipient communicating with mobile unit N. Digital data receiver 56
provides the narrowband digital signals to user digital baseband
circuitry 58. Digital data receiver 56 also provides the narrowband signal
to received power measurement circuitry 60.

35 Received power measurement circuitry 60 measures the power
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9 that WEfYéR708he i nbound and out bound channel's equal ly. |pcthasonagrpnse to
a sudden i nprovenent were to be slowed down by a filter, then there would
be frequent occasions when the nobile unit transmtter power would be quite
excessive and cause interference to all other nobile users. Thus the
present invention uses a two-tinme constanl® non-linear approach in
estimating the path loss. In addition to neasuring the received signal
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t hen used in in adjusting mobile unit transmitter power.

When the received power measurement is greater than the preset
level provided by a cell-site processor (not shown), an appropriate power
adjustment command is generated. Should the received power

10 measurement be less than the preset level, the power adjustment
command data bits are generated and indicate that an increase in mobile
unit transmitter power is necessary. Similarly, if the received
measurement is greater than the preset level, the power adjustment
command is generated such that the mobile unit transmitter power is

15 reduced. The power adjustment command is utilized to maintain a
nominal received power level at the cell-site.

The signal output from digital data receiver 56 is provided to user
digital baseband circuitry 58 where it is interfaced for coupling to the
intended recipient via the system controller and switch. Similarly,

20 Dbaseband circuitry 58 receives user information signals intended for
mobile unit N and provides them to transmit modulator 62.

Transmit modulator 62 spread spectrum modulates the user
addressable information signals for transmission to mobile unit N.
Transmit modulator 62 also receives the power adjustment command

25 data bits from received power measurement circuitry 60. The power
adjustment command data bits are also spread spectrum modulated by
transmit modulator 62 for transmission to mobile unit N. Transmit
modulator 62 provides the spread spectrum modulated signal to summer
64 where combined with spread spectrum signals from other module

30 transmit modulators also located at the cell-site.

The combined spread spectrum signals are input to summer 66
where they are combined with a pilot signal provided by pilot signal
generator 68. These combined signals are then provided to circuitry (rot
shown) for frequency upconversion from the IF frequency band to the RF

35 frequency band and amplified. The RF signals are then provided to
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the nobile cell-site |ink budget equation, solving for the nobile unit
transmt power required to produce a desired signal level. This capab1I|ty
allows the systemto have cell-sites withR®iffering EIRP levels to
correspond to the size of the cells. For exanple, a small radius cell need
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When e mobiaisepR:sq o AgBRRGoh” Bluktuh MRS, Bl FREHEL. |
receive a wealomtrali gmahmmamyr b@ndtﬁpl@ﬁgfﬁl t;ﬁtmenc@nmmqméém aatenna 5&0u| d
respond with ﬁt“ﬁ giggﬁ tHabl I @?M‘EI dfhafe @@lﬁlsﬁebﬁréﬁgﬁﬁs%yreﬁﬁbnh% ghort

range. Hence, aving eac trans

i nf or mati on gsower Iad;umnacomm sigriads traaviaritiedny she mokileunit which
transmts Inf%an%mnggup 3P (8! LeIRLte felcBiverCarld ApbVIHER Yo fHle 26lILsife

calls on anne e mobil e unit® recelves th
i nf or mat i on vdoevirdli processor £omeoupling te %W@Hﬁb}hl zation and cont| nues to

moni tor this channg ﬂ@lﬁﬁ i dbite bxn)@QﬁﬁtfﬁicwakI:ﬁosanamtredxmmaba ahhe

public tel ephone sw

‘net wor nt ended for .the it bil e
uni t antenna a}wennhs?osioérc@éiemn& Cﬁ‘grﬁﬂﬁyﬂﬁﬁs‘[“h’ée%magvﬁﬁfitr ating “[‘&H‘g;pt
mobi | e uni.t i gnitNgdidrhd CDMBPE sipgatls. eMobile unit N receives the pilot signal,

10 setup channel signals and the mobile unit N addressed signals using
antenna 70, analog receiver 72 and digital data receiver 74. Receiver 72
amplifies and frequency downconverts the received RF CDMA signals to
IF, and filters the IF signals. The IF signals are output to digital data
receiver 74 for digital processing. Receiver 72 also includes circuitry for

15 performing an analog measurement of the combined power of the
received signals. This power measurement is used to generate a feedback
signal that is provided to transmit power control circuitry 76 for
controlling transmit power.

Digital data receiver 74 is used for déspreading and correlating the

20 received signals addressed to mobile unit N. Receiver 74 also separates the
digital data from the power adjustment commands generated by the cell
site. The power adjustment command data bits are sent to control
processor 78. Processor 78 in response to the power adjustment command
data bits generates a transmit power control command that is provided to

25 transmit power control circuitry 80. Processor 78 also provides a level set
command to transmit power control circuitry 76. Further details on the
interaction of receiver 72, transmit power control 76 and 80, and processor
are described in further detail with reference to Figure 5.

Receiver 74 also provides data such as digitized encoded speech to

30 user digital baseband circuitry 82 for decoding and interface with the user.
Baseband circuitry 82 includes interface hardware for coupling receiver 74
and transmit modulator 82 to the user handset (not shown).

Data to be transmitted is provided through baseband circuitry 82
where it is encoded and provided to transmit modulator 84. The data is

35 spread spectrum modulated by transmit modulator 84 according to an
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As nmentWOrtdd08evi ously, nobile unit transmtter power is BCBASSOMGEM | ed

by a signal

fromthe cell-site. Each cell-site receiver neasures the

strength of the signal, as received at the cell-site, fromeach nobile
10 unit to which the cell-site is in comunication with. The neasured
signal strength is conpared to a desired 8l gnal strength level for that

particular nobile unit.

A povver adj ust ment command is generated and sent to

the mobj | t h d, ik d
hat mobi le UAFIERed APFeATBRE 1R JEePdcTReC e STESHIF e BPLEIRER o

the mobi | e unpanbmgf gasBdator 8kt eavsmit Ipewmbcrdrmolmlmntrqn&(}n fThersignaler by

a- predet d t h
e oL bpowal 1014 MR A torfincll B e AbASHE HorhBTRAr b
typically on tb@nvardbprovideddost mmolcpmsmbré&ser'yhmpcbweeadmtedmgnahtSe of

transm SSIé)n

10

16

20

25

30

35

%];'oxt'lra%dp% transmit power control circuitry 80 to transmit power

control circuitry 76 where the signal is adjusted in accordance with the
analog measurement control signal. Although illustrated as two separate
units for controlling the transmit power, the power level could be
adjusted by a single variable gain amplifier with two input control signals
combined before being applied to the variable gain amplifier. However in
the illustrated exemplary embodiment the two control functions are
shown as separate elements.

In the operation of the power control circuitry illustrated in
Figure 4, receiver 72 measures the combined power level of all signals
received from all cell-sites. These power level measurement results are
used in controlling the power level as set by transmit power control
circuitry 76. Transmit power control circuitry 76 includes circuitry in
which the rate of increase transmitter power is limited by a non-linear
filter as previously discussed. The rate of increase is set to be no faster
than the rate at which transmit power control circuitry 80 can turn the
power down in response to a series of downward commands from the cell-

site as processed by receiver 74 and processor 78.

Figure 5 illustrates in further detail the power control aspect of
mobile unit N discussed with reference to Figure 4. In Figure 5, received
RF signals from the antenna are provided to frequency downconverter 90
where the received RF signals are converted to an IF frequency. The IF
frequency signals are coupled to bandpass filter 92 where out of band
frequency components are removed from the signals.

The filtered signals are output from filter 92 to variable gain IF
amplifier 94 where the signals are amplified. The amplified signals are
output from amplifier 94 to an analog to digital (A/D) converter (not
shown) for digital signal processing operations on the signals. The output
of amplifier 94 is also coupled to automatic gain control (AGC) detector
circuit 96.

AGC detector circuit 96 generates a gain control signal which is

e
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adj ust rent command nust be high enough to permt Rayleigh fading on the

i nbound link path to be tracked. It is further desirable for the outbound
| ink path Rayl ei gh fading i npressed on th22i nbound |ink path signal to be
tracked. One command per nillisecond is adequate to track the fading

processes for ve e speeds in the ra ge 0 1l es per hour for 850
MHz band rmblﬂ:‘éllgéanfﬂrﬂ gain goRtrol {“H‘g [‘Qﬁf 3 1??8?‘4‘;99&# signal is

det er ni ni ng thﬁed)%\&:bnﬁdﬂlmbf’@ih afoﬂmmpamért% sbr@nmhmnw%ﬁﬁanbe
m nimzed so that channel

the nobil e unfYerA8EHAVS lﬁxgp?segﬁgﬂgsfr?%‘ Trﬁl@thé’ieﬁ ﬁ}?g‘gdﬁ‘r‘g‘?ntl eébg]::g{)ﬁnt
for the i ndependenAé:@fdettbetorvmd?awél gbofp:bmdes)atxhsu zmb(wrtﬁxea ut of
adi ust mon® commiRarapn b i B ahbE! oERR Aoty i pitinc wﬂég@& e the
recei ved signsdt signehdtdmf themnesbite notit Iprovessor (Mot shemsny). edrbﬂsgltarlel set
senoth = e il % B PR AL R
is sent to thmpwsigralardre dompared by comparator 98 with the comparison signal
- provided to a non-linear filter circuit 100. This comparison signal
10 corresponds to a deviation in the received power measurement from a
desired mobile unit transmitter power level.

Filter 100 may be configured as a simple resistor-diode-capacitor
circuit. For example, the input to the drcuit is a common node shared by
two resistors. The other end of each resistor is coupled to a respective

15 diode. The diodes are reversed in their connection to the resistors and the
other end of each diode coupled together at a common node as an output
of the filter. A capacitor is coupled between the diode common node and
ground. The filter circuit is designed to limit the rate of power increase to
less than 1 dB per millisecond. The rate of power decrease is typically set

20 to be about ten times faster than the rate of power increase, i.e. 10 dB per
millisecond. The output of filter 100 is provided as a power level control
signal input to the gain control input of variable gain IF amplifier 102.

AGC detector circuit 96, comparator 98 and filter 100 estimate
received mobile unit signal power and the power correction necessary for

25 the mobile unit transmitter. This correction is used to maintain a desired
transmitter power level in conditions of fading on the outbound channel
that are common to the inbound channel.

Transmit modulator circuit 84 of Figure 4, provides a low power, IF
frequency spread spectrum signal to an input of variable gain IF

30 amplifier 104. Amplifier 104 is gain controlled by a power level control
signal from processor 78 (Figure 4). This power level control signal is
derived from the closed loop power adjustment command signal
transmitted by the cell-site and processed by the mobile unit as discussed
with reference to Figure 4.

35 The power ad]ustment command signal consists of a sequence of

——
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t he out BYOAYE/0IA3%A or voi ce channel addressed to that nobil ecniionHks;
power adjustnent conmand is conbined with the nobile unit one way estinate
to obtai'n the final value of the nobile unit transmtter power. The power
adj ustmrent command signal is transmtted, in an exenplary enbodi nent, by
overwiting one or nore user data bits evelBy nmillisecond. The nodul ation
system enpl oyed in CDVA systens is capable of providing correction coding

{Teat o as & GRREHPOANS BEMSF 45w FaRhds Chat S18AcEFFAEEBIRoihe HDLE or
correction as weieqsiedessort hThenbobile imit doptmilvprocebsdrostaesr watt ithe i ng
because of t na U PRy Siri S aethiraL o BHD "Eath didu PR S ne R (e
power adj ust nethie vaitmeraf. al gairs cangwleneinsname dedrraspondingditoi 51 msultant
mul ti pl exi gg faoﬂprtogcﬁﬂgfg £ &8 hcPdask IR amplifier gain. Each power-down command
decreases the value of the gain control command, corresponding to a
resultant approximate 1 dB decrease in amplifier gain. The gain control
command is converted to analog form by a digital to analog (D/A)
converter {(not shown) before applied to amplifier 104 as the power level
10 control signal.

The mobile unit reference power level may be stored in the
memory of the control processor. In the alternative, the mobile unit
reference power level may be contained within a signal sent to the mobile
unit. This signal command data is separated by the digital data receiver

15 and interpreted by the control processor in setting the level. This signal as
provided from the control processor is converted by a digital to analog
(D/ A) converter (not shown) before input to comparator 98.

The output of amplifier 104 is provided as an input to amplifier 102,

Amplifier 102 as previously mentioned is also a variable gain IF amplifier
20 with the gain determined according to the power level control signal

output from filter 100. The signal for transmission is thus amplified in

accordance with the gain set by the power level control signal. The

amplified signal output from amplifier 102 and is further amplified and

frequency translated to the RF frequency for transmission. The RF signal
25 is then fed to the antenna for transmission. _

Figure 6 illustrates in further detail the power control scheme of the
cell-site as illustrated in Figure 3. In Figure 6, a mobile unit transmitted
signal is received at the cell-site. The received signal is processed by the
cell-site analog receiver and cell-site corresponding to mobile unit N.

30 In the digital data receiver, receiver 56 of Figure 3, the received
analog signal is converted from analog to digital form by A/D
converter 110. The digital signal output from A/D converter is provided
to pseudorandom noise (PN) correlator 112 where the signal undergoes a
correlation’ process with a PN signal provided from PN generator 114.

35 The output of PN correlator 112 is provided to a fast Hadamard transform
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power adjustnment command bits rmay be used wi thout overwiting user data
channel synbols. The cell-site controller or processor can be used to
determ ne the desired signal strength, as,received at the cell-site, for
signals transmtted by each nobile unit. % e desired signal strength |eve
val ues are provided to each of the cell-site receivers. The desired signal

strength val Uﬁl%lﬁaluﬁﬂélr flp4 vehemeattingighial s &m&e&urwﬂe%ﬁek o?tﬁﬁ&gtm gl ue

s T e R R M

si gnal st rengtibert digitab basdbandatitndtrypodecodesVide pimmdi)@ &lélluﬁgé@ &Hhs%rrﬁ'o"‘“
to accommodat ﬁlvarl at.i in the avera e.con

n
exanpl e, a cefft€EiSy %i?lpo%éﬁr i n%‘iﬁ‘éfjﬁ/é n?%veﬁ' 885’3&% %?Cu“ 118
geogr aphi & r egverages ghe laegest! trarsfdrm wnpathiogbera thenmiliseBbnd QeI

Pasul t 1 n i gHarg Bl e Bighr c@ﬁ@%@%' vmedi at e nei ghbors. of 1his
cel | . This interfeAesignatdndieativemoé nezche dverageb postdroleved it heutpaitgfreen
cells a smul lpb%&%‘?aéé} TP UYMW pHatBPY9E. CHfitparator 120 also receives a
power level set signal indicative of the desired received power level. This
10  desired received power level is set by the control processor for the cell-site.
Comparator 120 compares the two input signals and provides an output
signal indicative of the deviation of the average power level from the
desired power level. This signal is provided output to power up/down
command generator 122. Generator 122 in response to the comparison
15 generates either a power-up or a power-down command. Power
command generator 122 provides the power control commands to the
cell-site transmit modulator for transmission and control of the
transmitter power of mobile unit N. :
If the received power at the cell-site is higher than that desired of
20 mobile unit N, then a power-down command is generated and
transmitted to mobile unit N. However, if the received power level at the
cell-site is too low, then a power-up command is generated and
transmitted. The up/down commands are transmitted at a high rate,
nominally 1,000 commands per second in the exemplary embodiment. At
25 one bit per command, the overhead of the power command is
insignificant compared to the bit rate of a high quality digital voice signal.
The power adjustment command feedback compensates for changes
in the inbound channel that are independent of the outbound channel.
These independent inbound channel changes are not measured in the
30 outbound channel signal. Therefore the path loss estimate based upon
then outbound channel and the corresponding transmitter power
adjustment do not reflect the changes in the inbound channel. Thus, the
power adjustment command feedback is used to compensate for
adjustments in the mobile unit transmitter power based on the inbound
35 channel path losses that do not exist in the outbound channel.
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an i ncr¥&sB/9W3¥ nbound power in neighboring cells woul d bepsTmidoerostngn
that of the increase given to the nobile users comunicating in the high
noi se environnent cell. It is further understood that the cell-site
processor may nonitor the average bit-error-rate. This data nay be used by
the systemcontroller to command the cell 2ite processor to set an
appropriate inbound |link power |evel to assure acceptable quality
comuni cations. It ,is_also esii:ilbl e tohpﬁovi de a, neans fo& co%tlr?l ling the
relative power used™¥tB&AGRTS QPR CORITO BICRFSS 8 dS DS hldesifable tpp th
response to caommianidnftor matiiven at r dmes ninobéle hyni¢abeforebicbaditions dhenge
pri mary reason; . | O 3 i C f at
o Certain 1 odEisEAaY, CrlSpRuehy sRPon ok TS HETRE A, {iGupBoutlh.
nmobi | e unit mapnbreluciewisty at diteagelrsitegéer minimdzinghaepyveanddategcy of
transmttesl t greasuk@ment and transmission. The power control circuitry at the
mobile unit, analog control and digital command response, provides a

vastly improved power control process in the cellular mobile telephone

system.
The previous description of the preferred embodiments are
10 provided to enable any person skilled in the art to make or use the present
invention. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principals defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be
15 limited to the embodiments shown herein, but is to be accorded the widest
scope consistent with the principals and novel features disclosed herein.

WE CLAIM:
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‘this nobile is increased, the quality may becorre unaccept abI e An exarrpl e
of such a location is a point where the path

cells is nearly the sane as the path | os6éto the ceI I - ll'“l ﬂ " ng
with the nobile unit. In such a location, the total i be
I ncreased by three tines over the int glexrlmge seen by the no Ie unlt at a

point relatively close to its cell- addition, the |nterference
com ng fromthese neighboring cell-sites will not fade in unison with the

desired signal as qwoul dnhe céilelagafiebiletelephontey mﬂ lﬁOWhnﬂlfs ﬂ@hﬂlgers
desired cell-site. This S|tuat|on éleﬁé{lred ddltlonatﬁ nal
power to achiCOmMyAieAT BTN ONHigHals mhepes‘i‘? fofa hteagh nIee

unit may be l@najigdushey @odevéivisiont m&mld&em(ﬁmmaémeadrsp&num
resulting in |arger .than notmal interfere %‘Iﬁl a situatio

i ncreasi nf) t FOTHRHTCRHORL S1gRALS) o Qodﬁﬁﬁ' F‘éﬁ‘ véyﬂ?q‘héofnfﬁf‘ffé’rlgﬂ(ge may
al | ow accept apdrsmigsion péivedt fuar eactramobilbetelophore Limi saithyehialar

oot e & e S Bt el RS SeRIR l Ae
nor mal transrrdrisoiitiervend receiver and each cell-site has an antenna, at least one
8 transmitter and at least one receiver, said power control system
comprising: |
10 at least one first power measurement means, each coupled to a
respective mobile telephone receiver, for measuring signal power in
12 CDMA communication signals received by said respective mobile
telephone receiver;
14 at least one first power adjustment means, each coupled to a
respective mobile telephone transmitter and corresponding first power
16 measurement means, said first power adjustment means responsive to
decreases and increases in power measurements of said corresponding first
18 power measurement means with respect to a first predetermined power
level, for respectively increasing and decreasing transmission signal power
20 of said corresponding mobile telephone transmitter;
at least one second power measurement means, each coupled to a
22 respective cell-site receiver, for measuring signal power in each CODMA
communication signal directed to said respective cell-site receiver from a
24 corresponding mobile telephone transmitter in communiclatio_n
therewith; '
26 at least one power adjustment command generator means, each
coupled to a respective cell-site transmitter and corresponding second

28 power measurement means for, generating power adjustment commands
corresponding to deviations in power measurements of said
30 corresponding second power measurement means from a second
predetermined power level, said respective cell-site transmitter

32 transmitting said power adjustment commands; and
at least one second power adjustment means, each coupled to a
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reduwmglAOMJsrference to other signals being transmttedp
achi eve the abo

he preferred enbodi nent- |n
signalrto-inter | M%H nt capability within the nobile unit
receiver. This rformed by conparing the power of the

desired signal to the total nterferen® and noi se power. If the neasured
ratio is | ess than a predeterm ned val ue,

gﬁﬁ/@ﬁﬁ em To

the nobile transmts a request to

the cell-site for additional,power in cell-site transm ssions. |f the ratio

excee@s""t héeﬁﬂeé@é’teemfi’lbhl@df%h%‘et FRcelasi 410 SOrTeSPRRANS tEASTRIEGTE 821 or a
reducti on isBed§SowdP 2 djestmért MeaBiserespd ntsrvse @@vy%ida;sbws} tistrRétuest s

from h nmobi | e 'gnd .r esponds by ,adj usti.n | | ocate he
corr egéndi‘:ﬁ&“@éf‘ s?i{réchgrdﬁgn?%fleﬁé FH% e@ rE{T ﬁ%?f‘&%u#ﬁ The
adj ust ment amuétﬁingsuakﬂsmxbamignalolpdmer oasfdesmd)f cérréspiBndin

rate ch power be somewhat slower than that used for the
i nboug{aal | ggl%ﬂh(?&e tﬁé%ﬂ? T8 unit to cell-site, per haps once per vocoder
nomi nally once per 15 milliseconds. The dynamic range of the

frame, or

adj ust ment woul g al Smep&%@ tcgﬁitrbpsfstgﬁ OEETaih P RYEA8hid first power

2

4

10

12

adjustment means provided increase in transmission signal power is at a
rate less than said first power adjustment means provided decrease in
transmission signal power.

3.  The power control system of Claim 1 wherein said first power
measurement means power measurements correspond to a sum of all

‘contemporaneously received CDMA communication signals within a

predetermined frequency band, and said first power measurement means
is further for generating and providing a corresponding first power
measurement signal to said corresponding first power adjustment means.

4. The power control system of Claim 3 wherein said first power
adjustment means comprises:

comparator means for receiving said first power measurement
signai and a first power level set signal, said first power level set signal
corresponding to a desired mobile telephone transmitter power level, for
comparing said first power measurement signal with said first power level

“set signal, and for providing a corresponding comparator output signal;

and

variable gain amplification means operatively coupled to said
mobile telephone transmitter for receiving said comparator output signal
and responsive thereto for varying transmission signal power of said
corresponding mobile telephone transmitter.

5. The power control system of Claim 4 further comprising
filter means disposed between said comparator means and said variable
gain amplification means for receiving said comparator output signal, for
unequally limiting a rate of change in increases and decreases in said

—————.
————
———
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to about 6 dB greater than nom nal .

13 The 9_@.._[._1._:_S.i..__tﬁ__nzg]t‘_/%ag—.gﬂﬁé bhsi der

t he power denmands being made on it by all the nobj ' i whet her
to conply with the requests of any particular no il ‘mmﬂgl E Iﬁ if the

cell-site is |loaded to capacity, request28 for ad
granted but only by 6% or

the present limiveditdampaidtor beetpe sigrealappaatdt viriabld haigeimpligitation
descri ption Se% forth bel ow when taken in conjunction wth the drawings in

7 énce characters correspond t hroughout and wherein: Figure 1
is a schematic overview of an exenplary nobile cellular

whi ch |ike
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6. An apparatus for controlling transmission signal power in a
cellular mobile telephone in communications with at least one cell-site
station using code division multiple access (CDMA) spread spectrum
communication signals, said cellular mobile telephone having an antenna
coupled to a transmitter and a receiver, said transmitter for generating and
transmitting a COMA carrier signal according to an assigned spreading
function modulated by a mobile user input information signal, said
receiver for receiving CDMA communication signals and spectrum
processing said received CDMA communication signals according to an
assigned spreading function so as to recover a mobile user output
information signal intended for a user of said cellular mobile telephone,
said cell-site station communicating power control commands in CDMA
communication signals intended for said cellular mobile telephone with
said receiver providing an output of said power control commands, said
apparatus comprising:

measurement means for, operatively coupling to said receiver,
measuring combined signal power in contemporaneously received CDMA
communication signals and providing a measurement signaf indicative of
measured signal power;

adjustment means for, operatively coupling to said transmitter,
receiving said measurement signal, varying transmitter signal power in
opposite correspondence to variations in measured signal power about a
predetermined power level; and

additional adjustment means for, operatively coupling to said
receiver and transmitter, receiving said power adjustment commands,
and varying transmitter signal power in correspondence thereto.

7. The apparatus of Claim 6 wherein said adjustment means is
responsive to said measurement signal for, increasing transmitter signal
power in response to decreases in measured signal power with respect to
said predetermined power level, and decreasing transmi*r signal power

------------- e \aced

powear -~ m ght be
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t el ephoma/eastem Figures 2A-2D il ustrate, in a series 54 Hpbl |l e
unit received signal strength and transmt power_as a func on o d| st ance;

- Figure 3 is a block diagramof a cell-site with ference to
the power control features of the present inventi ﬂl"ﬁllﬂt' , bI ock
di agram of the nobile unit with particukar refere control

features of the present invention; Figure 5is a block diagramillustrating
in further detail the power control featares of the nobile unit of Figure
4; and Fi guie respense ) de@easesyihmeasuset r denalypewvarumiieresRachite $aid power

cont rol g eat,ys @@tep&uﬂ&pﬁge}ér leyéle of Figure 3. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS An exenplary terrestrial cellular nobile tel ephone

systemin which the present invention is enbodied is illustrated in Figure
1. The system il gustr ghecapparkhgusfeClaitt Vlwherithid a@}ﬂsh&@homéa@@hni ques
in co icatio betweenthesstem l%rle user . and t eceli‘ site
rate of increase in transmitter 51gn ansmissioh power 15 less than a rate
of decrease in transmitter signal transmission power.
9. The apparatus of Claim 6 wherein said cell-site station

2 measures signal power of said cellular mobile telephone transmitted
CDMA communication signals and generates for transmission said power

4  adjustment commands indicative of one of an increase and a decrease in
said cellular mobile telephone signall power so as to maintain a

6 predetermined power level for cell-site station received CDMA
communication signals from said cellular mobile telephone.

10.  The apparatus of Claim é wherein said adjustment means
2 comprises:
comparator means for receiving measurement signal and a first
4  power level set signal, said first power level set signal corresponding to a
desired cellular mobile telephone transmitter power level, for comparing
6 said first power measurement signal with said first power level set signal,
and for providing a corresponding comparator output signal;
8 filter means for, receiving said comparator output signal, limiting a
rate of change in variations in said comparator output signal, and
10 providing an output of a corresponding limited comparator output signal;
and
12 variable gain amplification means, operatively coupled to said
transmitter, for receiving said limited comparator output signal and
14 responsive thereto for varying signal power of said transmitter.

11. The apparatus of Claim 10 wherein said additional

2 adjustment means comprises:
processor means for, receiving said power adjustment commands,
4 accumulating said power adjustment commands with a predetermined
gain control level setting, and providing a corresponding power
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stens in large cities may have hundreds of cell-site stations

dreds of thousands of nobile tel ephones. The use of CDVA

14

techniques readily facilitates increases in user capacity in systens of
this size as conpared to conventional FM¥odul ation cellular systens. In

Figure 1, systemcontroller and switch 10,

interfacga
to the céll
fromthe pu
cell-sitg f
al so confro

blic sadditiordl twirigitiergaineamplikice STiNneanst lopenaipvelyr taipled

e routing of calls fro

typically includes appropriate

n%ﬂ?é@ﬁ%%%g&pqmre for providing systemcontrol information

- |'er~ 10 controls the routing of tel ephone call
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transceiver having a receiver for receiving and

demodulating an outbound information containing spread spectrum
signal as transmitted by a base station to an intended user, and a
transmitter for transmitting an inbound information containing spread
spectrum signal to said base station for transfer to another intended user,
said transceiver having a power control system for controlling transmitter
signal power at a predetermined level for said inbound spread spectrum
signal as received at said base station, said power control system
comprising: .

control processor means coupled to said receiver for, receiving from
said receiver power adjustment commands transmitted in said outbound
spread spectrum signal, accumulating values corresponding to each of said
power adjustment commands with respect to a predetermined closed loop
power level value, and generating a corresponding closed loop power
level control signal, said control processor further for generating an open
loop power level signal in accordance with a predetermined open loop
power level value;

first amplifier means operatively coupled to said transmitter for,
receiving said closed loop power level control signal, and amplifying said
inbound spread spectrum signal at a first gain determined by said closed
loop power level control signal;

automatic gain control means coupled to said receiver for,
measuring a combined signal power of signals received by said receiver,
and providing a corresponding power measurement signal; |

comparator means for, receiving and comparing said power
measurement signal and said open loop power level signal, and providing
a corresponding comparison signal;

filter means for, receiving said comparison signal, non-linearly
limiting a rate of change in said received comparison signal, and
providing a corresponding open loop power level control signal; and
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Cont r'¥PI¥Y0M3 7 may be coupled to the cell-sites by vari OUSP(F‘?@%()EMSH; as
dedi cated tel ephone lines, optical fiber |inks or—by o fr equency

comuni cations. In Figure 1, two exenplary ceII-S|t =

with two exenplary nobile units 16 and 18 which inc 'w um, Itm ephones,
are illustrated. Arrows 20a-20b and 22a3b2b respettiv

possi bl e comuni cation Iinks between cell-site 12 and nDblle units 16 and

18. Simlarly,. o 26a- 26h ectlvel definpe the
possi ialme 2(r)m¥run?£ceeractg ﬁ@ngrﬁ?hééprg vveeéﬁecr@ gf F8UE§?‘€ﬁﬁsﬂ9thF‘% Titesforg and
16. CeBR sitessiving zaid Dpenoloop power denseti d:ontsohgxgaqllwdnd)thftym@t isagd uni t
16 neasure m

cell -sj tes%?%ggngloélﬁeaa%ﬁgggtﬁﬁ‘ g% a% H%%Rgéﬁﬁg;ﬁ%@?ﬁlkggiyes P%@S
measureé tH@OPOP‘AWeFé%@ weatiebwignaln pilot signal as transmitted by
cell-sites 12 and 14 upon paths 22a and 24a. In each of nobile units 16 and

18, pilot signal Is neasured in the receiver where the signal is a
Wi deEand si gnal .1 ccoh!ﬂ" tEARECeiArsoh SeimnbAswheraint said reagiven hes am

corr el agi Orhrm‘lo$ teceiver poaton 2Bl digitdl AcBRRYAIRIAS shidNuftRREHS Ylin
spreadi ng Seohtfol means coupled to said analog receiver portion for measuring
4  wideband signal power of all received outbound spread spectrum signals.

14. The transceiver of Claim 12 wherein said filter means
2 provides a rate of change in increases of said comparison signal that is
greater than a rate of change in decreases in said comparison signal.

15.  The transceiver of Claim 12 wherein an increase in measured
2  signal power corresponds to an increase in said comparison signal and
corresponding open loop power control level signal with said second
4  amplifier means responsive thereto for decreasing said second gain, and a
decrease in measured signal power corresponds to a decrease in said
6 comparison signal and corresponding open loop power control level
signal with said second amplifier means responsive thereto for increasing

8  said second gain.

16.  The transceiver of Claim 13 wherein said digital receiver

2  portion extracts said power adjustment commands from said outbound

spread spectrum signal and said control processor means is coupled to said

4  digital receiver portion for receiving said power adjustment commands SO

as to generate said closed loop power level control signal, wherein each

6 power adjustment command affects a change in said closed loop power

level control signal with said first amplifier means responsive to each

8 change in said closed loop power level control signal so as to provide a
corresponding change in said first gain.

17.  The transceiver of Claim 16 wherem eac.h change in said first
2  gain corresponds to a predetermined dB change in gain of said transmitter.
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When nobile unit 16 is closer to cell-site 12, the recei ve si gnal 6;4)'8

wi |l be dom nated by the signal traveling pat h 20a. Wen-mobi-te—unit 16
nearer to cell-site 14, the received power wll be dom n\uﬂ“mﬂl‘|“MF|
traveling on path 26a. Sinilarly, when ndbile unit 18 .2“““

cell-site 14, the received power will be dominated by the si‘gnal bn path
24a. \Wen nobile unit 18 is closer to cell-site 12, the received power wll

be domi nated by the signal traveling on path 22a. Each of nobile units
16 and 18 uses thid.r eshil spstemefasucentnet]ingodedismissidrh @wdredgea ofirdthe

Che pat 121 ol EEHRVE! cEPUSle, Of rdimtiBiE SrfRida il STEGEROF o st i ner
with know ed@féng'fsptfwéi FRErEmafRmANNigatianfignalseta al Secsndetrﬁi‘xﬂ'cmsemﬁﬁd to
determ ne t heaigsi Rh SEESHP ms&xt UnPEYSIbIE %wx&%%hghﬂpiﬁﬁ%l&g‘é glga% Pﬁg

carrier-to-noise.ratio in eceséﬂilte recel ver
mobi | e uni t $e6PNE n@%éwtsmltts persaid figpt trapgcgjuer by said second transcewer

6 also using spread spectrum communication signals, said system
comprising:
8 open loop power control means operatively coupled to said first
transceiver for controlling signal power of said first transceiver
10 transmitted spread spectrum communication signals in opposite
correspondence to variations in signal power of first transceiver received
12 spread spectrum communication signals; and
closed loop power control means operatively coupled to said first
14  and second transceiver for further controlling signal power of said first
transceiver transmitted spread spectrum communication signals in
16 opposite correspondence to variations in signal power of second
.. transceiver received spread spectrum communication signals.

19. The system of Claim 18 wherein said open loop power
2 control means provides increases in signal power at a rate less than
decreases in signal power.

20. The system of Claim 18 wherein said open loop power
2  control means provides increases in signal power at a rate less than said
closed loop power control means provides decreases in signal power.

21. The system of Claim 18 wherein said open loop power
2  control means compensates for variations in channel conditions affecting

signal power in a second transceiver to first transceiver communication
4  channel.

22. The system of Claim 18 wherein said closed loop power
2  control means compensates for variations in channel conditions affecting
signal power in a first transceiver to second transceiver communication
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ei t herwhimesbosm menory or transmitted in cell-site infor F.‘g , % as
signals, setup channel, to indicate other than nom nal cg?ltﬂsg()}%? fs a

I ons

particular cell-site. As a result of the determ nation of the nobile un
nom nal transmt power, in the absence of Rayleigh fading and assum ng

perfect neasurenents, the nobile unit tramsmtted

t he near est
t he desired
unit traftsmi

AN
cell-site precisely at the desired Car,mﬂ % " u]lmt i 0.
performance will be obtained with the/ It #llof no

tilﬂ@fmﬂower. The mininization of the nobile unit transnitted

power is inportant in a CDVA system because each nobile unit causes
i'nterference to eyery her nobi | it i the system, In mnpimzing th
fh t Eirm B redhersi

nmobil e unit

Boettemy ¢ B §gid openndeep tpower

transfartte

t

it

arrive at

Thus
bile

e

mi ni mum 2t hugomirbbmeags adehpiisewral nobile users to share the frequency band.

Accordi ngly,

is maxim zed. .Fi

system capg)ctsi ty and. sa%ect ra—lml ef fici r}% . gu
2A illustrates t hE'@ffell BIeHEIHERIIAMN GROTAG ﬂg t AT Y ToFelHpd ¢
on the s#rengpieadfspdraune|commuaidationssighalsgd andgnal as received at

6

10

12

14

means for adjusting signal power, of said first transceiver
transmitted spread spedtrum communication signals, in opposite
correspondence to deviations in said first transceiver measured signal
power with respect to a predetermined transmission power level.

24. The system of Claim 18 wherein said closed loop power
control means comprises:

means for measuring signal power of second transceiver received
spread spectrum communication signals transmitted by said first
transceiver; :

means for generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;

means for inserting said power adjustment commands in said
spread spectrum communication signals as transmitted by said second
transceiver to said first transceiver ; and

means for further adjusting signal power of said first transceiver
transmitted spread spectrum communication signals in correspondence
with said power adjustment commands as received by said first
transceiver.

25. The system of Claim 23 wherein said closed loop power
control means comprises:

means for measuring signal power of second transceiver received
spread spectrum communication signals transmitted by said first
transceiver; _

means for generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;
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a nobile unit. The average path loss, indicated by curve Eg,r/l'r%goé‘gl“é?m ned
primarily by the fourth-power of the distance between the cell-site and the
nobile unit, and by the shape of the terrain between them As distance ,
i ncreases between the nobile unit and tigt cell-site, signal power decreases
as received at the nobile unit for a constant power transmtted cell-site
signal. The average path l.oss |s the sanme for both directions of the link,

and typical |y exfeanss far |iggeHingeiaidi BPWSuRADS R cOMMAands aige sgadh
| 0ss.  Hrg adgpdaen sb@cttrhﬁ'\ &bmﬂnym\r@ertymn@xg@glsn@g TR nAMRIRD D f@&ﬂ&i 'seé&mdt he
u

e/ stence oHRSFEVET & SR (Rl EPBEaga on The <i gnal S arrive. from
16 thede nul ti pI engatsh fori fumhemjranhtpﬁtasge sagmaalapphidruof saide Sight tﬂ&@\sté‘ivtehe
characteri st BaHed BrdRfsPletrH WBrttuuritatibh WERSCHh ' BrfdsBuhgebte
14  with said power adjustment commands as received by said first
transceiver.

26.  The system of Claim 25 wherein said means for measuring
2 signal power of first transceiver received spread spectrum communication
signals measures wideband signal power, and said means for measuring
4 signal power of second transceiver received spread spectrum
communication signals transmitted by said first transceiver digitally

6 measures narrowband signal power.

27.  The system of Claim 18 further comprising additional closed

2 loop power control means operatively coupled to said first and second

. transceiver for controlling signal power of said second transceiver

4 transmitted spread spectrum communication signals in opposite

" correspondence to variations of a measured ratio, of signal power of first

6 transceiver received spread spectrum communication signals to a signal
power of interfering signals, with respect to a desired ratio.

28.  The system of Claim 27 wherein said additional closed loop

2 power control means comprises: _
means for, measuring signal power of all first transceiver received
4 spread spectrum communication signals including other transceiver
transmitted spread spectrum communication signals and multipath
6 signals of said spread spectrum communication signals transmitted by said
second transceiver, measuring signal power of first transceiver received
8 spread spectrum communication signals as transmitted by said second
transceiver, comparing said measured signal power of first transceiver
10 received spread spectrum communication signals as transmitted by said
second transceiver with said measured signal power of all first transceiver
12 received spread spectrum communication signals so as to provide a

L L. “‘i\s\\\iii\\\\\\\\\\\\\\\\ai{d



repr ¥§&At/97437e variation in signal path |oss as a resul tpof/Raw®isgh fading
The Rayleigh fading is typically independent for the two directions of the

cell-site/nobile unit comunication |ink, i.e. outbound and inbound
channel s. For exanpl e, when the outbound channel is fading, the inbound
channel is not necessarily fading at tB8 same tinme. Figure 2B illustrates

the nmobile unit transmitter power adjusted to correspond to the link path
signal strengt re 2B...curve. 34 represents the desired

f. Fi 2A...:'n Fi
average. tr SRORTOIBIETEERrE dABAHE, EonPrAS e AU UReOt TBRkESve 30
of Fi duke 2w\ opfpositeaicbyresponden®s toadedafiondsint eatdwexgr[dhtbemwféreéxcg
t tt t curve
52N b 9k SRR 10 4 DR e ahag AgaAEl GBIt
decr eds®es ratisivphae, and engirhngr@pdcpcmer @alt;wnenttneqnssmstmesamosmeadesul t.
These rapi gpé’ oS ind taTsaQ§'H ‘?r‘[xtt%ﬁ %”fxfs?%’x’éﬁsc%ﬁver to

del eterioustéffects 1 n overa stem pe ormanc erefore € present
i nventi®n said sgcond vh@sce%’-rmn% nonl i near filter to control rapi d upward

excur si ons, or h@ﬁx@%@? 'a C}ﬂshhg”%fgﬁdle@Wrof':%icf‘%re@fuﬁ tidM cBlveNt
i nventjon al so util)zes cl
20 transmitted spread spectrum communication signals in correspondence
with said power adjustment requests as received by said second

22 transceiver.

29. A method for controlling transmission power of a first
"~ 2  transceiver capable of communicating information signals of a first user,
using spread spectrum communication signals, to a second transceiver for
4  transfer to a second user and capable of extracting information signals of a
second user communicated to said first transceiver by said second
6 transceiver using said spread spectrum communication signals, said
method comprising the steps of: .
8 controlling signal power of said first transceiver transmitted spread
spectrum communication signals in opposite correspondence to
10 wvariations in signal power of first transceiver received spread spectrum
communication signals ; and
12 controlling signal power of said first transceiver transmitted spread
spectrum communication signals in opposite correspondence to
14  variations in signal power of second transceiver received spread spectrum
communication signals.

30. The method of Claim 29 wherein said step of controlling

2 signal power of said first transceiver transmitted spread spectrum

communication signals in opposite correspondence to variations in signal

4 power of first transceiver received spread spectrum communication
signals comprises the steps of :

6 measuring signal power of first transceiver received spread
spectrum communication signals; and
8 adjusting signal power, of said first transceiver transmitted spread
—/ /
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| oop power adjustment feedback fromthe cell-site to adjust nobile .unit

transmtter power. Figure 2Cillustrates the nobile unit transmtter power
corresponding to Figure 2A without taking into consideration the-cell-site
cl osed | oop power adjustnent feedback. 13 Figure 2C the desired average
transmt power, as represented by curve 34', corresponds to the nobile unit
recei ved signal strength of .curve 30 of. Fi ﬂijre 2A. .Curve 38 illustrates the
transm t t er SPRWEF™t FPPUPRGIEHEOR0RIET HEar 1T | PPRPSHE FAIBPSRIMEEDFE 0fC t he
pr gsenﬂ Gdn\édBViaQMnsﬁﬂesaﬂsfmrdt trla?maivaxmmasum&' dsiigmat Ip@lﬂ&ﬂdﬁdtﬁrrepp&ﬁh ro @3

I ndi cat e t ashe | Fj and correspond to the upwar
excur si ons %ﬁeiﬁf%%%%&iﬁu\gl?’glﬁggnz%?égg?lgni ficantly reduced. In curve
38, the upward excursions are significantly reduced by setting the rate of

i ncrease in trangmit i L resul i ari.at L n -
transmtter powergmrel g?‘:@\e/éy%%“?hcg gggri{gid?lf‘?g%%ﬁnnt E%clc)&\/\é{r#?s?\fb%‘%’ﬁt%ﬁfrhé ed in
dynanmi ¢ & angigreldponverated saidc finisgetrangreivier nfnazisimitted |spreadhepectoust | oop

power communication signals in opposite correspondence to variations in signal
4 power of second transceiver received spread spectrum communication

signals comprises the steps of:

6 measuring signal power of second transceiver received spread
spectrum communication signals transmitted by said first transceiver;

8 generating power adjustment commands in opposite

correspondence to deviations in said second transceiver measured signal

10  power with respect to a desired reception power level;
inserting said power adjustment commands in said spread

12 spectrum communication signals as transmitted by said second transceiver

to said first transceiver ; and '
14 adjusting signal power of said first transceiver transmitted spread

spectrum communication signals in correspondence with said power
16 adjustment commands as received by said first transceiver.

32. The system of Claim 30 wherein said step of controlling

2 signal power of said first transceiver transmitted spread spectrum

communication signals in opposite correspondence to variations in signal

4 power of second transceiver received spread spectrum communication
signals comprises the steps of:

6 measuring signal power of second transceiver received spread
spectrum communication signals transmitted by said first transceiver;
8 generating power adjustment commands in opposite

correspondence to deviations in said second transceiver measured signal
10 power with respect to a desired reception power level;
inserting said power adjustment commands in said spread
12 spectrum communication signals as transmitted by said second transceiver
to said first transceiver; and
14 adjusting signal power of said first transceiver transmitted spread
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17 aQeRER7 f eedback process to be easier to inpl ementPamnidiSn/twaigor e
effective at a nuch |lower control data rate. Transmt power, as indicated
by curve 38, is permitted to decrease at a much greater rate than an

i ncrease. As distance increases fromthg,points marked D1-D2, transmtter
power decreases rather quickly corresporiding to a sudden |nprovenent in the
channel . Between the distance points marked D2-D3 the channel degrades with

a correspo e'%gr\ixﬁcEéﬁﬁsrﬁuhﬂzahl’oﬁn%@ntawrxanWenghaeﬁP@WﬁN @aﬂﬁqi&\daw on is
not so |gn|f|cant such that the non-l.inear ter maximumrate’limts the

rate of 8i ncAHHsENeRt €9 tasrrepeiyed bynsaid; fitss franscaiveBases as from t he

di stance points mar ked D3 D4, the channel degrades much nore rapidly than
e nonl) near {LALCT Hhb ! mRBEAN Lo ARSI SR LS LIS ILS! spover, Burt ng
the non2li rmrtrélilﬂrtgesxgrﬁhrpmger of said second transceiver transmltted spread
spectrum communication signals in opposite correspondence to
4  variations of a measured ratio, of signal power of first transceiver received
spread spectrum communication signals to a signal power of interfering
6 signals, with respect to a desired ratio.

34. The system of Claim 33 wherein said step of controlling
2 signal power of said second fransceiver transmitted spread spectrum
communication signals comprises the steps of:
4 measuring signal power of all first transceiver received spread
spectrum communication signals including other transceiver transmitted
6 spread spectrum communication signals and multipath signals of said
spread spectrum communication signals transmitted by said second
8 transceiver;
measuring signal power of first transceiver received spread
10 spectrum communication signals as transmitted by said second
transceiver; _
12 comparing said measured signal power of first transceiver received
spread spectrum communication signals as transmitted by said second
14 transceiver with said measured signal power of all first transceiver
received spread spectrum communication signals so as to provide a signal-
16 to-interference ratio value;
generating power adjustment requests in opposite correspondence
18 to deviations in said signal-to-interference ratio value with respect to a
desired signal-to-interference ratio value;
20 inserting said power adjustment requests in said spread spectrum
communication signals as transmitted by said first transceiver to said
22 second transceiver; and
adjusting signal power of said second transceiver transmitted spread
24 spectrum communication signals in correspondence with said power
adjustment requests as received by said second transceiver.
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t he di stance change indi cated by marks D4-D5, the channel begins | nproving.

However, as the quality of the channel inproves the transmtter power
continues to increase at the maximumrate until transmtter power is -
sufficient to neet the desired level such8as at mark D5. It is desirable to
elimnate the upward excursions in transmtter power which may cause
unnecessary systeminterference. Should a better path to another cell-site
occur, which would result in unnecessary interference in the system

qual i ty comuni cad5.onsin a cellatlaty srabilentejeplomeisys emen whidh sydtergusés rate

f | ust th
cel 151 121 SSinpLanERte LiforAASh: slorty befhiekh dnfd¥ingt Wi Atrleatf sne o
t he nobi | e welk-side wsingr slivision tmélttlélel ageess. (COMA) spreadi spratsumhe
desi red aver&ﬂﬁdm%hgsﬂ % ROHRENEY fdie c%?\lt}c?]lﬁhgtenfaﬂrsnﬁsﬁ'oqxn%g%nal

transmtted froma no njt I's desirab
si gnal pomerP‘b‘é’eétfohe%@hgt ile teémonem 5%1‘47??4?%‘?\@@&5%1?9}1908 aystere, a
qual ity gonmyReféni &dth nfablw fél'e}SK&\émhs g dRténnd ok LiRsthitRiISand GebBer At

t he. mobile um& etaghcc% Es(?tcet has an antenna, at least one transmitter and at least one
8 receiver, said method comprising the steps of:
measuring signal power in CDMA communication signals received
10 by each respective mobile telephone receiver;
varying transmission signal power of each corresponding mobile
12 telephone transmitter in opposite correspondence to variations in
corresponding mobile telephone power measurements with respect to a
14  first predetermined power level;
measuring signal power in each CDMA communication signal
16 received at each respective cell-site receiver as transmitted from a
corresponding mobile telephone transmitter in communication
18 therewith; _ )
generating power adjustment commands corresponding to
. 20 deviations in corresponding cell-site power measurements from a second
predetermined power level;
22 transmitting said power adjustment commands along with said
information signals from each respective cell-site to a corresponding
24 mobile telephone in communication therewith;
receiving at each respective mobile telephone receiver said power
26 adjustment commands corresponding thereto; and
adjusting transmission signal power of each corresponding mobile
28 telephone transmitter in correspondence to said power adjustment
commands directed to said respective mobile telephone receiver.

36. The method of Claim 35 wherein said step of varying

2 transmission signal power of each corresponding mobile telephone
transmitter in opposite correspondence to variations in corresponding

4 mobile telephone power measurements with respect to a first

is Sheet Has Been Replaced
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Ray|¥PM/478d7ng in the cell-site transnmtted signal. Th@GbSPeoanig
transmtted signal experiences Rayleigh fading before arriving at the
cell-site receiver. The signal received at. the cell-site is therefore a
signal of constant average received power |evel but still with =~ 18 the
Rayl ei gh fading of the inbound channel 3Prrpressed t her eupon. Curve 42
represents the Rayl eigh fading that occurs on the inbound signal.

Addi ti onal ' I s TH YR AY; tut‘éxtis L& unit may conme to
rest at a h%%%éetg%g}éeéPhgﬁéﬂ?gquﬁé{q%r_lcl? | néo{ﬁ}.eg%ga cgth yet the inbound
link i severel yimiingla stehoh inergase iiBntrapsmisdpsrsighak pawen ehteashs

unl ess an b4 ggﬁgﬁﬁﬁi | radcb&asentgound
channel Ragill fel‘:eéhaﬁgiéll g. T eégﬁggg@%l%ﬁggﬁﬁéﬁgﬁﬁg?ﬁ%ﬁef,cgodmmnggeg?ocess

enpl oyl atramsanission sigeal Paieh of AaeharPLRSPERdING BODHg teke
transm tt egr3AWRit1ersO as to conpensate for the

€ e unit

37. The method of Claim 35 wherein said step of varying

2 transmission signal power of each corresponding mobile telephone

transmitter in opposite correspondence to variations in corresponding

4 mobile telephone power measurements with respect to a first

predetermined power level comprises the steps of:

6 providing an increase in transmission signal power of each

corresponding mobile telephone transmitter in response to a decrease in a

8 corresponding mobile telephone power measurement with respect to said
first predetermined power level; and

10 providing an decrease in transmission signal power of each

corresponding mobile telephone transmitter in response to an increase in

12 a corresponding mobile telephone power measurement with respect to
said first predetermined power level.

38. The method of Claim 35 wherein said step of generating
2 power adjustment commands corresponding to deviations in
corresponding cell-site power measurements from a second
4 predetermined power level comprises the steps of:
generating a power-up command in response to a decrease in a
6 corresponding cell-site power measurement from said second
predetermined power level; and
8 generating a power-down command in response to an increase in a
corresponding cell-site power measurement from said second
10 predetermined power level.

39. The method of Claim 38 wherein said step of adjusting

2 transmission signal power of each corresponding mobile telephone
transmitter in correspondence to said power adjustment commands

4  directed to said respective mobile telephone receiver comprises the steps
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Rayl ei gh fading on the inbound channel. In Figure 2D, curve 44 1] (u6s4t”r‘at es

the nobile unit transmtted signal power as received at the cell-site when
conpensati ng for average path | oss and Rayl ei gh fadi ng on both the.inbound
and out bound channels. As can be seen in4figure 2D curve 44 follows close
to curve 40 except for instances of severe fading where the fading process
IS mnimzed fby the closed |l oop control. In Figure 3, antenna 52 is

provi ded f or% ecei vi ng multiple nobile unit transmtted signals which are
t hen pro@ided to mtaéasgnga'nebﬂertelitphbue aapsmiitentsigral ihr aGPpONSY to each

downconver si S of the received RF signal. The anal og
si gnal s out p‘%?wgpg‘rgll;: @ %E%gare provided to a plurality of receiver
modul es 8or, extrémrle@nngfmg}belue wilepharedtriansoitter isegnali ignedsporgener @dhon of
power adj USSPS@‘Q _ngwg%ﬁ nodul ati on of user input information signals
for transm ssion e such nodul e used in comunications with a particular
nmobile unit, such as nobile unit N, is nodule 50. Thus the out put of
receiver 54 is prgyideghéOomatRbd’ G CIAin®f37 RORBreTRASAES sf é%ge :gd
50. I\/bduhe 50 conprises digital data receiver 56, user di |taI seba
power adjustment commands corresponding to ~deviations
corresponding cell-site power measurements from a second
4  predetermined power level comprises the steps of:
generating a power-up command in response to a decrease in a
6 corresponding cell-site power measurement from said second
predetermined power level; and
8 generating a power-down command in response to an increase in a
corresponding cell-site power measurement from said second
10 predetermined power level.

41. The method of Claim 40 wherein said step of adjusting

2 transmission signal power of each corresponding mobile telephone
transmitter in correspondence to said power adjustment commands

4  directed to said respective mobile telephone receiver comprises the steps

of:

6 increasing mobile telephone transmitter signal in response to each
power-up command; and

8 decreasing mobile telephone transmitter signal in response to each

power-down command.

42.  The method of Claim 35 wherein in said step of measuring

2  signal power in CDMA communication signals received by each respective

mobile telephone receiver, measured signal power corresponds to a sum

4  of all contemporaneously received CDMA communication signals within
a predetermined frequency band.

43. The method of Claim 35 further comprising the step of
2 generating a first power measurement signal corresponding to said
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W 37 .
ci rcwotglé%io recei ved power measurenent circuitry 60 and RYHNSAPOOHBYUI at or

62. Digital data receiver 56 receives the w deband spiead spectrum signals
for correlating and despreading the nobile unit Ntransmtted signal to a
narrowband signal for transfer to an |g fended reci pi ent communicating with
nobile unit N. Digital data receiver provi des the narrowband digital
signals to user digital baseband circuitry 58. Digital data receiver 56

al so provi gesstihed vipabwoaet isi @Mt@mmummswalmwmweachr cuitry

60. Rec i ved t y 60 neasures the power 19 | evel
in the recéﬁf%g@egrﬁ‘gﬁﬁ t%%%%g gé’iv%ft N. Received power neasurenent
circuitry 60 in response to the neasured | evel of power generates a power

adj ustent commapd Whih s SHPPWE Eoaitd 205 WhePRAVAI 18R LOTvAAERE™ 551 O

to nmobile uni As "previously discu
2  transmission signal power of each corresponding mobile telephone

transmitter in opposite correspondence to variations in corresponding
4 mobile telephone power measurements with respect to a first
predetermined power level comprises the steps of:
6 comparing said first power measurement signal with a first power
level set signal, said first power level set signal corresponding to a desired
8 mobile telephone transmitter power level;
providing a comparator output signal corresponding to a difference
10  between said first power measurement signal and said first power level set
signal; and
12 varying mobile telephone transmitter gain according to said
comparator output signal.

45. A method for controlling transmission signal power in a
2 cellular mobile telephone in communications with at least one cell-site
station using code division multiple access (CDMA) spread spectrum
4 communication signals, said cellular mobile telephone having an antenna
coupled to a transmitter and a receiver, said transmitter for generating and
& transmitting a CDMA carrier signal according to an assigned spreading
function modulated by a mobile user input information signal, said
8 receiver for receiving CDMA communication signals and spectrum
processing said received CDMA communication signals according to an
10 assigned spreading function so as to recover a mobile user output
information signal intended for a user of said cellular mobile telephone,
12 said cell-site station communicating power control commands in CODMA
‘communication signals intended for said cellular mobile telephone with
14 said receiver processing said received power control commands and
providing an output of said power control commands, said method

16 comprising the steps of:
measuring combined signal power in contemporaneously received

18 CDMA communication signals;
TN O O
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the data bits in the power adjustnent command are used by nobile unit Nin

adjusting nobile unit transmtter power. \Wen the recei ved power
measurenent is greater than the preset |evel provided by a cell-site-
processor (not shown), an appropriate po¥®r adjustnent command is
generated. Should the received power neasurenent be | ess than the preset

| evel , the power ' t I ts._are generated and.indicate
that an increase @2&%{?@5&'&]&{@? rg%{%% ﬁ?gre b pSWEP P?’éﬂﬁe‘”c%gg%li’?ﬂde%‘?em@ arly,
i f the 3Q@ceivadiationgsior measurad sigradipawehahouha presetermined powe lpowker

adj ust ment gegpmand is generated such that the nobile unit transmtter power
I's redyced. The power adjustnent command is utilized to maintain a nom nal
recei vljéd2 power | SAEYing trapsmifer signal ppwes|ignaprissppodencenodreteined dat a

receiver 56 gowdt Qaitge@llehe coaanhaddgi tal baseband circuitry 58 where it is
interfaced for coupling to the intended recipient via the systemcontroller
and switch. Simlarly, baseband circuitry 58 receives user information

gizgnal s intended 46or Mitie Imetliod OF aDidiwr @B deRereifNBdid StEHSHF tvdFping at or
' 2 transmitter signal power in opposite correspondence to variations in
measured signal power about a predetermined power level comprises the
4  stepsof: _
increasing transmitter signal power in response to decreases in
6 measured signal power with respect to said predetermined power level;
and
8 decreasing transmitter signal power in response to increases in
measured signal power with respect to said predetermined power level.

47. The method of Claim 46 wherein increases in transmitter
2  signal power are at a rate less than, decreases in transmitter signal power.

48. The method of Claim 45 wherein said cell-site station

2 measures signal power of said cellular mobile telephone transmitted

CDMA communication signals and generates for transmission said power

4  adjustment commands indicative of one of an increase and a decrease in

said cellular mobile telephone signal power so as to maintain a

6 predetermined power level for cell-site station received CDMA
communication signals from said cellular mobile telephone.

49. The apparatus of Claim 45 wherein said step of measuring

2 combined signal power in contemporaneously received CDMA

communication signals further comprises the step of generating a

4 measurement signal indicative of measured signal power, and wherein

said step of varying transmitter signal power in opposite correspondence

6 to variations in measured signal power about a predetermined power
level comprises the steps of:

8 generating a first power level set signal corresponding to a desired

U e
Sl WA




Tr ansWx91M®WdF at or 62 spread spectrum nodul ates the user paddusssyadd 1@

i nformation signals for transmssion to nobile unit N Transmt nodul ator
62 al so- receives the power adjustnment conmand data bits fromreceived power
measurenent circuitry 60. The power adjustnent command data bits are al so
spread spectrum nodul ated by transmit né3Hul ator 62 for transm ssion to
nmobile unit N. Transmt nodul ator 62 provides the spread spectrum nodul at ed

signal to su r 64 ere conbi ned wi.ph spread spectrum signals from other
nodul e tranSHY aﬁdﬂﬁ%@% 6&?@?@% Wa&%g}‘éaf ﬁ%‘”f‘ﬂelecygﬁl -site. The conbi ned
. Spreadigpect rum gomparingasaid first paweumeasGénvdrdr sighlbywithesaidnifirsed with

31 gnal s ar oPomeh BYRERSBRR o cui 0Ty (ot shown Tor requency |
upconvdrdi on froproviding afqompanater GualpttsignalecarFesponding ¢y abdifterance
amplified. LREyE ShfFeSir8l Gcdlliely MMiHeMepRone transmitter power level
14  and said measured signal power; '
limiting a rate of change in variations in said comparator output
16 signal;
' providing a corresponding limited comparator output signal; and
18 varying signal power of said transmitter in response to said limited
comparator output signal.

50. The apparatus of Claim 49 wherein said step of varying
2 transmitter signal power in correspondence to received power adjustment
commands comprises the steps of:

4 accumulating said processed power adjustment commands with a
predetermined gain control level setting;
6 providing a power adjustment signal corresponding to said

accumulation of said processed power adjustment commands with said
8 predetermined gain control level setting: and
varying signal power of said transmitter in response to said power
10  adjustment signal.
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20 apieon@7ee for transm ssion. Al though not illustratedCTARIGHIGEHower
control circuitry may be di sposed between sumer 66 and antenna 52 This
circuitry, under control of the ¢ I¥{§L1e processor, is responsive .to power
adj ust ment commmand signals transmtted by the nobile unit which are
denodul ated at the cell-site receiver and provided to the cell-site contro
processor for coupling to the circuitry. In Figure 4, the nobile unit, such
as nobile unit N, includes an antenna 70 for coIIecting cell site
transmtted signals and radiating nobile unit generat

Mobile unit N rer@i F&OMhe pilot signalg setup cha Eﬁ%ﬁgg{%% t he
-mobile unit N addrREH ~gnal s u5|n9/éntenna J/ a aI%E 72 and
digital data receiver 74. R er—72—anptTfT¥S and frequency downconverts
the recei ved RF CDMA signals tlo IEYS'iﬁ&Mllte s the IF signals. The IF
signals are output to digital |dQDaNTROILLEGR74 for digital processing.

Recei ver 72 al so includes circuig{y RHL Qﬂifornlng an anal og neasurenent of
t he conbi ned power of the recqived al TRHi s power neasurenent is used

' :
to generate a feedback
. 14
12
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Si gn&YOvhar03s provided to transmt power control circuipdy&ofodsy
controlling transmt power. Digital data receiver 74 is used for
despreadi ng and correl ating the received signals addressed to nobile unit
N. Receiver 74 also separates the digital data fromthe power adjustnent
commands generated by the cel | -2t/e5 The power adjustnment command data bits
are sent to control processor 78. Processor 78 in response to the power

adj ust mrent comand data bits generates a transmt power control comand
that is provided to transmt power control circuitry 80. Processor 78 al so
provides a level set command to transmt power control circuitry 76.
Further details on the interaction of receiver 72, transmt power control
76 and 80, and processor are described in further detail with reference to
Figure 5. Receiver 74 also provides data such as digitized encoded speech
to user digital bgseband circuitry 82 for decoding and interface with the

user. Baseband ciffcuitry 82 includes interface hardware for coupling
receiver 74 and tr -\ nodul at &2 82 to the user handset (not shown). Data
to be traWM&BiLEed |i ided thrjough baseband circuitry 82
UNIT
~RECEIVED
SIGNAL
POWER
DISTANCE
36
MOBILE
UNIT
TRANSMIT 34
POWER
-
DISTANCE
_—
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whert¥Oitl/0793encoded and provided to transmt nodul ator Bér/d6¢)6a4h8 i S
spread spectrum nodul ated by transmt nodul ator 84 according to an

assi gned spreadi ng code. The spread spectrum signals are output from
transmt nodulator 84 to transmt power control circuitry 80. The signa
power is adjusted in accordarc® MBté the transmit power control conmmand
provi ded by control processor 78. This power adjusted signal is provided
fromtransmt power control circuitry 80 to transmt power control
circuitry 76 where the signal is adjusted in accordance with the anal og
. measurenent control signal. Although illustrated as two separate units for
controlling the transmt power, the power |evel could be adjusted by a
single variable gain anplifier with two input control signals conbi ned
before being appl jed to the variable gain anplifier. However in the

illustrated exenpfary enbodi ment the two control functions are
MOBILE
UNIT
TRANSMIT
POWER
DISTANCE
CELL-SITE |
RECEIVED
SIGNAL 44
POWER 40 42
DISTANCE -
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showw@si/eeqsdr ate el enents. In the operation of the powePCr/a/sna@ed4y rcuitry
illustrated in Figure 4, receiver 72 neasures the conbi ned power |evel of
all signals received fromall eefl/& tes. These power |evel neasurenent
results are used in controlling the power |evel as set by transmit power
control circuitry 76. Transmt power control circuitry 76 includes

circuitry in which the rate oEinc e—t—pa-n-sm—t—t-m—pouer—-l—s-J—L-m_t_ed_Fya
non-linear filter as_previous Q\di IscussMOBﬂH.eErhitMI'bei ncrease is set to
be no faster than th_@ rate at which transmt power control circuitry 80 can

turn the power do $erTes, of—do t he
cell- site as proclesgRe by g edei ! inﬁlpfééess P
illustrates in égr gFt glé: pr - cOATHOl  ag f oI TR Wwnit N
di scussed withiref|REfte Y& Ei lmErd gyye P receilvgd dEgpingpl $ from
the antenna are¢ prioul equelncy | nvertér 90 gre tEe re‘e[ved
RF signal s& elconverted to an IfF frequengy.| The IF fre ueyﬁ:y signal s}are
coupled to b}anrpass filter 92 erle ouP®f bland frequengﬁ congonents are
renoved f I‘Rﬁl.'t EﬁNsAgnal S.
] 68 60
/[ v /[
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GENERATOR MEASUREMENT [
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66 64 1
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The WOB14763 signal s are output fromfilter 92 to vari abFE GROMGIES
anplifier 94 where the signals are anplified. The anplified signals are

output .fromanplifier 94 to an anq{
shown) for digital signal procesSivh

S 22 gyl ed to a g control iy
signal iZyT#3edAat 9 ¢ |_ the gai
consta Ak powwﬁevel

converter. AGC d IC&N\ﬁREFﬁc

%

of anplifier 94 is also coupled to automatic gain control
circuit 96. AGC detector é:('brcuit 96 Qg

to digital (A/D)
perations on the

rates a gai
of dmulifi
j J 94

q

contr ol
%04, TH

converter (not ,
signals. The out put
(AGC) detector
si gnal which
Q@ ¢aidh control
SO QONWVERTEERt ai n a

to one input of

c’grrr’pgr_a,t__or,&&_l e ut of—coTmpar at or d wWth alevel
Set signal fromthe nobile unit processor (not s S I[e el set
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signal is indicative of a desired transnitter reference power

| evel .

These

dnput signals are conpared by conparator 98 with the

provided to a non-linear filter circuit 100. This co
corresponds to a deviation in the received power neas
mobile unit transmtter power level. Filter 100 may Db¢
sinple resistor-di ode-capacitor circuit. For exanple,
circuit is a comon node shared by two‘resistors. The

I

\Y*4

resistor is coupled to a respective diode. The diodes

I T SON_Si

L OIT]

AL AGRY ERpRIEET
rj FYENT T onTa red
oryf § griF R dagrs

the input- to th

et

S

ot Aer end of each

are reversed in their

connection to W\ A PPERRA
e gt NS Beee N A Vel

tinmes faster than the rate of power increase, i.e. 10 dB per

Lo the Gain control BAVKGREUNES OF FredniigN o

circuit 96, conparator 98 and filter 100 estimate

capaC|

pTed

TIULARMOBELE. i 5

designed to linmt the rate OTERFRPHOMNESSXSTEMess than 1 dB per
mllisecond. The rate of power decrease is typically set to be about ten

mllisecond.

si gnal i nput
02. AGC detector

I. Field of the Invention

The present invention relates telephone systems. More spedifically,
the present invention relates to a novel and improved method and
apparatus for controlling transmitter power in a code division multiple
access (CDMA) cellular mobile telephone system.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for fadilitating communications in
which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA) frequency
division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known, CDMA has
significant advantages over these other techniques. The use of CDMA
techniques in a multiple access communication system is disclosed in
U.S. Patent application Serial No. 06/921,261, filed October 17, 1986,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, now U.S.
Patent No. 4,901,307 assigned to the assignee of the present invention, the
disclosure thereof incorporated by reference.

In' the just mentioned patent, a multiple access: technique is
disclosed where a large number of mobile telephone system users each
having a transceiver communicate fhrough satellite repeaters or terrestrial
base stations (also known as cell-sites stations, or for short cell-sites) using
code division multiple access (CDMA) spread spectrum communication
signals. In using CDMA communications, the frequency spectrum can be
reused multiple times thus permitting an increase in system user capacity.
The use of CDMA results in a much higher spectral efficiency than can be

- achieved using other multiple access techniques. In a CDMA systém,

. 3
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received nmobile unit signal power and the power correction_necessary-for
.the nobile unit transmtter. This correction is used gﬁgagm 3] Sﬁﬂsm red
transmtter power level in conditions of fading on the'ou de -ehannel;
that are conmon to the inbound channel. Transmt nod Iafor Ll LGUkdoy 84 qf
Figure-4, provides a | ow power, |F frequency spread s ectn}m SI gna1 tio lan
input of variable gain IF anplifier 104. Anplifier 10¢ is | 1¥ed
by a power |evel control signal from processor 78 (Fi [
| evel control signal is derived fromthe closed | oop
command siigalasés hnsysitemeaiplayityhaayéjel realized aujdcmrm@leagew\eb&aﬁMWrabi l e

nit 29 eaGyEe Bf Lk bl Raged 95 FhoHict in IR AMEN PSR Rl conTand

si gnal d sequence POWET -
that are awsetdul ated in the nobile

In the satellite’ application of the CDMA communication
techniques, the mobile unit transceiver measures the power level of a
signal received via a satellite repeater. Using this power measurement,
along with knowledge of the satellite transponder downlink transmit
power level and the sensitivity of the mobile unit receiver, the mobile
unit transceiver can estimate the path loss of the channel between the
mobile unit and the satellite. The mobile unit transceiver then
determines the appropriate transmitter power to be used for signal
transmissions between the mobile unit and the satellite, taking into
account the path loss measurement, the transmitted data rate and the

satellite receiver sensitivity.

The signals transmitted by the mobile unit to the satellite are
relayed by the satellite to a Hub control system earth station. The Hub
measures the received signal power from signals transmitted by each
active mobile unit transceiver. The Hub then determines the deviation in
the received power level from that which is necessary to maintain the
desired communications. Preferably the desired power level is a
minimum power level necessary to maintain quality communications so
as to result in a reduction in system interference.

The Hub then transmits a power control command signal to each
mobile user so as to adjust or “fine tune” the transmit power of the mobile
unit. This command signal is used by the mobile unit to change the
transmit power level closer to a minimum level required to maintain the
desired communications. As channel conditions change, typically due to
motion of the mobile unit, both the mobile unit receiver power
measurement and the power control feedback from the Hub continually
readjust the transmit power level so as to maintain a proper power level.
The power control feedback from the Hub is generally quite slow due to:
round trip delays through the satellite requiring approximately 1/2 of a
second of propagation time.

One important difference between satellite or terrestrial base
stations systems are the relative distances separating the mobile units and



unit processor. The nobile unit control processor stagts-.wilh the gain
.control level set to a nom nal value. Each power-up c mﬁﬁgd\sj»nﬁrwgsesmhe
val ue of a gain control conmand corresponding to a r SLH Lammagprﬁﬁél‘natle 1
dB increase in anplifier gain. Each power-down command da}:re@ses The! val ue
of the gain control command, corresponding to a resulft approm nétp i dB
decrease in anplifier gain. The gain cgntrol commandji we-enveried t of ahal og
formby a digital to analog (D/A) converter (not shown) before applledito
anplifier 104 as the power |evel control signal. The e—-unit_ re@ence

pover | evehe rﬁﬁ_lm@ oﬁieélﬁeluéwtmha? rféfnttchffev txﬁohepﬁ?&]‘ﬁ?é%rs n the

alternative, [e unit referencé power cont arned within
a signal §h‘httel{1'65‘?ﬁé %Eﬂmésdﬁ?tt}’P?h‘Pfsf%d‘@ﬁaqhaémmlméhésﬁ chapipds-at ed by

the digi tqihxgattﬁeieeﬁﬁfﬂféﬁnc%@l-equ@ D'é?ifo%‘é RYirle?Certt@Nir Che Mﬁﬁ%ﬁé}ﬁ’rto' n
setting the level. This 5| nal ‘as provided fromthe control "processor is

conver t ed SEteR BPYEr £on41o! Xk they terrgsapiakeysieM er (not shown) before i nput
to conparator $8:th&heatelitePingdileatiBlt Ehefindl04.el $hersavblties Aanadl,itheut to

amplifier sateﬁxte repeaters are normally located in a geosynchronous earth orbit.
As such, the mobile units are all at approximately the same distance from
the satellite repeaters and therefore experience nearly the same
propagation loss. Furthermore, the satellite channel has a propagation
loss characteristic that follows approximately the inverse square law, i.e.
the propagation loss is inversely proportional to the square of the distance
between the mobile unit and the satellite repeater in use. Accordingly, in
the satellite channel the variation in path loss due to distance variation is
typically on the order of only 1-2 dB.

In contrast to the satellite channel, the terrestrial/mobile unit
channel, i.e. the terrestrial channel, the distance between the mobile units
and the cell sites can vary considerably. For example, one mobile unit may
be located at a distance of five miles from the cell site while another

_ mobile unit may be located only a few feet away. The variation in distance
may exceed a factor of one hundred to one. The terrestrial channel
experiences a propagation loss characteristic as did the satellite channel.
However, in the terrestrial channel the propagation loss characteristic
corresponds to an inverse fourth-power law, i.e. the path loss is
proportional to the inverse of the path distance raised to the fourth power.
Accordingly, path loss variations may be encountered which are on the
order of over 80 dB in a cell having a radius of five miles.

The satellite channel typically experiences fading that is
characterized as Rician. Accordingly the received signal consists of a direct
component summed with a multiply reflected component having
Rayleigh fading statistics. The power ratio between the direct and reflected
component is typically on the order of 6-10 dB, depending upon the
characteristics of the mobile unit antenna and the environment about the
mobile unit. . _

Contrasting the satellite channel with the terrestrial channel, the
terrestrial channel experiences signal fading that typically consists of the




Anplifier 102 as previously nentioned is also a vari abl e—gatn-LE.;

wth the gain determ ned according to the power |evel ccnﬁfi&"lw,hs&:sq@,gnai'c»gmrp t
fromfilter 100. The signal for transm ssion is thus am:ll’Hed4nq ]

accordance with the gain set by the power |evel control }sijg : m
anplified signal output fromanplifier 102 and is further ! %r} %d‘
frequency translated to the RF frequen4y for transm ssi.gn

then fed to the antenna for transm ssion. Figure 6 |Iltfttrates in further
detail the power control scheme of the cell-site as ill'Ustrated—n-Eigure

3. In Fi QURQKI‘M gh Piid eoathénéri@neithbliedca Sdﬂ@é‘t' cb&xpsmwedrmsthee

cell-site

e rei:é_}‘ved Si rocessed é the cell-site na ﬁg
recei ver aifdTexTiRl shannel preseptnai ‘ig\j’r?osel’fGB‘FI ding enKironmeniet @l data
seRity ehahfeloWhErddRIGams fading isedRi &@ﬂ'u@itﬁ' ﬁaausg dhadacteyistienver t edt
out pu

receiver,

nal is

[rom analo 1o fgdg) gﬁvé“éér%s%[’&%%réiééaﬁ%b R BB EBRe T ERal

where the

from PN gengr at
fast Hadan®

B @mdw}de{@ﬁ alab@m ﬁf&tté@hfﬂ@ﬁﬂ%&ﬁy‘&xﬁf@re@t%\ht&ré}ﬁ@f th ovi ded
14 put of,. PN correl at or 311 2.4 S Pnovi ded,to a

¥SIE3 a(;fgfxﬁqqﬂ\ent a result, a signal arrives aneously
at a mobile unit receiver from many directions with different
transmission delays. At the UHF frequency bands usually employed for
mobile radio communications, including those of cellular mobile
telephone systems, significant phase differences in signals traveling on
different paths may occur. The possibility for destructive summation of
the signals may result, with on occasion deep fades occurring.

Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. Thus, the motion of the
mobile unit through the environment can result in a quite rapid fading
process. For Example, in the 850 MHz cellular radio frequéncy band, this
fading can typically be fast as one fade per second per mile per hour of
vehicle speed. Fading on this order can be extremely disruptive to signals
in the terrestrial channel resulting in poor communication quality.
However, additional transmitter power can be used to overcome the
problem of fading.

The terrestrial cellular mobile telephone system typically requires a
full-duplex channel to be provided in order ta allow both directions of the
telephone conversation to be simultaneously active such as provided by
the conventional wired telephone system. This full-duplex radio channel
is normally provided by using one frequency band for the outbound link,
i.e. transmissions from the cell-site transmitter to the mobile unit
receivers. A different frequency band is utilized for the inbound link, i.e.
transmissions from the mobile unit transmitters to the cell-site receivers.

According, this frequency band separation allows a mobile unit .

transmitter and receiver to be active simultaneously without feedback or
interference from the transmitter into the receiver.
The use of different frequency bands has significant implications in

S



24 digital filter 114 where the signal is filtered. Th R}_m*ﬁu,t : ng 1"’T‘t’“ef
114 is provided to a user data decoder circuit 116 whi r—pLO.V_ld §§ &sérizdhta
to the user digital baseband circuitry. Decoder 116 pr v the Iarg“G;st’
transformfilter synbols to power averager circuit 118. ”"é\*/fe?’é@ I
circuit 118 averages the largest transform outputs ov r @.n& mllise or’ld

interval using well known digital techry ques. A si gnal i ndi cative of "~ ea{:h
average power |evel is output from power averager 118 tor 120f
Conparator 120 al so receives a power |evel set signal indicative of the

desired regri pedvdrovsitrolevithe Tellssite ande thatsileiurddl tRowRitlepy el Uss o$et by
nput o1 ondiFEErERG st palfisciuset ‘oF gl taing dO IR TRERRIIEIN: on of
t he aver agprauessss forvble ihbound rendlesitbeding abannetsyelA mdbike snijrainnos
provi ded Oéﬁxpﬁity bR RAPE thEPEBYUnd channel path loss and assume that the
same path loss is present on the inbound channel.
It is therefore, an object of the present invention to provide a novel
and improved method and apparat—u’é for controlling in the terrestrial
channel transmitter power so as to overcome deleterious fading without
causing unnecessary system interference which can adversely affect
overall system capacity.

SUMMARY OF THE INVENTION

In a terrestrial COMA cellular mobile telephone system, it is
desirable that the transmitter power of the mobile units be controlled so as
to produce at the cell site receiver 2 nominal received signal power from
each and every mobile unit transmitter operating within the cell. Should
all of the mobile unit transmitters within an area of coverage of the cell-
site have transmitter power controlled accordingly the total signal power
received at the cell-site would be equal to the nominal receiver power of
the mobile unit transmitted signal multiplied by the number of mobile

. units transmitting within the cell. To this is added the noise power
received at the cell-site from mobile units in adjacent cells.

The CDMA receivers of the cell-site respectively operate by
converting a wideband CDMA signal from a corresponding one of the
mobile unit transmitters into a narrowband digital information carrying
signal. At the same time, other received CDMA signals that are not
selected remain as wideband noise signals. The bit-error-rate performance
of the cell-site receiver is thus determined by the ratio of the power of the
desired signal to that of the undesired signals received at the cell-site, i.e.,
the received signal power in the desired signal transmitted by the selected
mobile unit transmitter to that of the received signal power in undesired
signals transmitted by the other mobile unit transmitters. The bandwidth
reduction processing, a correlation process which results.in what is
commonly called “processing gain”, increases the signal to noise



cohmand generator 122. Generator 122 in response to the J@aﬁfﬁgnr 7
,generates either a power-up or a power-down conmand. Power- '”i.j"“i* o
generator 122 provides the power control conmands to th 5%S|—-t~e {IFHn# it
nmodul ator for transm ssion and control of the transmtter Ipower of ‘rftébl é

unit N. If the received power at the cell-site is hi gherf thramn- “that..desife
of nobile unit N, then a power-down cogmand is generate and transmtted
nobi l e unit N. However, if the received power |evel at t eth-site | 1

| ow, then a power-up commnd i s gener ated and transmtted The up/ down
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each mobile unit is controlled such that the transmitted signal arrives at
the cell-site receive at the minimal signal to noise interference ratio which
allows acceptable data recovery. If a signal transmitted by a mobile unit
arrives at the cell-site receiver at a power level that is too low, the bit-
error-rate may be too high to permit high quality communications. On
the other hand if the mobile unit transmitted signal is at a power level
that is too high when received at the cell site receiver, communication
with this particular mobile unit will be acceptable. However, this high
power signal acts as interference to other mobile unit transmitted signals
that are sharing the same channel, i.e. bandwidth. This interference may
adversely affect communications with other mobile units unless the total
number of communicating mobile units is reduced. ‘

The path loss of signals in the UHF frequency band of the cellular
mobile telephone channel can be characterized by two separate
phenomena, average path loss and fading. The average path loss can be
described statistically by a log-normal distribution whose. mean is
proportional to the inverse fourth- power of the path distance, and whose
standard deviation is approximately equal to 8 dB. The second
phenomena is a fading process caused by multipath propagation of the
signals which is characterized by a Rayleigh distribution. The average path
loss, which is a log-normal distribution, can be considered to be the same
for both the inbound and outbound frequency bands, as is for the
conventional cellular mobile telephone systems. However, as mentioned
previously Rayleigh fading is an independent phenomena for the
inbound and outbound link frequency bands. The log-normal distribution
of the average path loss is a relatively slow varying function of position.
In contrast, the Rayleigh distribution varies relatively fast as a function of
position. '

In the present invention, a CDMA approach to multiple user access



t hen out bound channel and the corresponding transnitter po
‘not reflect the changes in the inbound channel. Thus, the
command feedback is used to conpensate for adjustnents in
transmtter power based on the inbound channel path |osseg tih
I n the outbound channel . 25 In using a closed | ogp

it is highly desirable for the conmand to arrive at the bile unit
conditions change significantly. The pﬁ%sent i nvention pr

exi st

N 1

(0] ....._ﬁ.séf

h gnb e unity
Udé Lfotany |

béfore {

rdes..a_novel an

:Jni gue po:c/ver control ci rcgitry at the cell hSi te for mininizing delay anoa—
_ o T e .
mobi 16 uni 11 Seie BisiieoreteRioth 37amh ie IRAERRLSE nah Sushod Sliaen

i nproved palivthe celitsites ipraoragsen itranstrgt aelpildtérsigmali dfethiecdamh frequensy em-

and code. The use of a pilot signal in CDMA systems is well known. In
this particular application, the pilot signal is used by the mobile units for
initial synchronization of the mobile unit receiver. The pilot signal is also
used as a phase and frequency reference, and a time reference for
demodulation of the digital speech signals transmitted by the cell-site.

In the present invention, each mobile unit estimates the path loss
in signals transmitted from the cell-site to the mobile unit. In order to
make this signal path loss estimate, the power level of the cell-site
transmitted signals, as received at the mobile unit, are measured. The
mobile unit thus measures the pilot signal power as received from the
cell-site to which the mobile unit is communicating. The mobile unit also
measures the power level sum of all cell-site transmitted signals as
received at the mobile unit. The power level sum measurement as
described in further detail later herein, is necessary to handle cases in
which the mobile unit might temporarily obtain a better path to a more
distant cell-site than to a normally preferred closest cell-site.

The outbound link path loss estimate is filtered using a non-linear
filter. The purpose of the non-linearity in the estimation process is to
permit a rapid response to a sudden improvement in the channel while
only allowing a much slower response to a sudden degradation in the
channel. The mobile unit in response to a sudden improvement in the
channel thus suddenly reduces mobile unit transmitter transmit power.

Should the channel for one mobile unit suddenly improve, then
the signal as received at the cell-site from this mobile unit will suddenly
increase in power. This sudden increase in power causes additional
interference to all signals sharing the same wideband channel. A rapid
response to the sudden improvement will thus reduce system
interference. |

A typical example of a sudden improvement in the channel occurs
when a mobile unit is moving through an area that is shadowed by a large
building or other obstruction and then drives out of the shadow. The
channel improvement, as a result of the vehicle movement, can take
place on the order of a few tens of milliseconds. As the mobile unit drives
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the mobile unit to adjust the mobile unit transmitter ‘power. Thus, the
stronger the received signal, the lower the mobile unit transmitter power
will be. Reception of a strong signal from the cell-site indicates that the
mobile unit is either close to the cell-site or else an unusually good path to
the cell-site exists. Reception of a strong signal means that a relatively
smaller mobile unit transmitter power level is required in nominal
received power at the cell-site the mobile unit.

In the case where there is a temporary but yet sudden degradation in

the channel it is desirable that a much slower increase in mobile unit

transmitter power be permitted. - This slow increase in mobile unit
transmitter power is desired so as to prohibit an unnecessarily rapid
increase in mobile unit transmit power which increases the interference to
all other mobile units. Thus a temporary degradation in one mobile unit
channel will be tolerated in order to prevent a degradation of all mobile
unit channels.

In the case of a sudden degradation in the channel, the non-linear
filter prevents the mobile transmitter power from being increased at a
high rate in response to the sudden decrease in signal power in signals
received at the mobile unit. The rate of increase of the mobile unit
transmitter transmit power must generally be limited to the rate of a
closed loop power adjustment command transmitted from the cell-site, as
described below, can reduce the mobile unit transmitter transmit power.
Using the cell-site generated power adjustment commands, the mobile
unit transmitter power will be prevented from being increased to a level
significantly higher than the level required for communications,
particularly when a sudden channel degradation occurs in only the
outbound link path and not in the inbound link path.

It should be noted that it is undesirable to simply use a slow
response on the mobile unit transmitter power control in an attempt to
separate the fast Rayleigh fading from the slow fading due to distance and
terrain. A slow response in the mobile unit transmitter power control is
undesirable because the possibility of sudden improvements and fades

Hst ent
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in estimating the path loss.

In addition to measuring the received signal strength in the mobile
unit, it is also desirable for the processor in the mobile unit to know the
cell-site transmitter power and antenna gain (EIRP), the cell-site G/T
(receive antenna gain G divided by receiver noise level T) the mobile unit
antenna gain, and the number of calls active at this cell-site. This
information allows the mobile unit processor to properly compute the
reference power level for the local power setting function. This
computation is done by calculating the cell- site to mobile link power
budget, solving for the path loss. This path loss estimate is then used in
the mobile cell-site link budget equation, solving for the mobile unit
transmit power required to produce a desired signal level.- This capability
allows the system to have cell-sites with differing EIRP levels to
correspond to the size of the cells. For example, a small radius cell need
not trarismit with as high a power level as a large radius cell. However,
when the mobile unit is a certain distance from a low power cell, it would
receive a weaker signal than from a high power cell. The mobile unit
would respond with a higher transmit power than would be necessary for
the short range. Hence, the desirability of having each cell-site transmit
information as to its characteristics for power control.

The cell-site transmits information such as cell-site EIRP, G/T and
number of active calls on a cell-site setup channel. The mobile unit
receives this information when first obtaining system synchronization
and continues to monitor this channel when idle for pages for calls
originated within the public telephone switching network intended for
the mobile unit. The mobile unit antenna gain is stored in a memory in
the mobile unit at-the time the mobile unit is installed in the vehicle.

As mentioned previously, mobile unit transmitter power is also
controlled by a signal from the cell-site. Each cell-site receiver measures
the strength of the signal, as received at the cell-site, from each mobile
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particular mobile unit. A power adjustment command is generated and
sent to the mobile unit in the outbound link data, or voice channel,
addressed to that mobile unit. In response to the cell-site power
adjustment command, the mobile unit increases or decreases the mobile
unit transmitter power by a predetermined amount, nominaily 1 dB.

The power adjustment command is transmitted by the cell-site
transmitter at a relatively high rate, typically on the order of about one
command every millisecond. The rate of transmission of the power
adjustment command must be high enough to permit Rayleigh fading on
the inbound link path to be tracked. It is further desirable for the
outbound link path Rayleigh fading impressed on the inbound link path
signal to be tracked. One command per millisecond is adequate to track
the fading processes for vehicle speeds in the range of 25-50 miles per hour
for 850 MHz band mobile communications. It is important that the
latency in determining the power adjustment command and the
transmission thereof be minimized so that channel conditions will not
change significantly before the mobile unit receives and responds to the
signal.

In suinmary, to account for the independence of the two Rayleigh
fading paths (inbound and outbound), the mobile unit transmitter power
~ is controlled by the power adjustment command from the cell-site. Each
- cell-site receiver measures the received signal strength from each mobile

unit. The measured signal strength is compared to the desired signal
strength for that mobile unit and a power adjustment command is
generated. The power adjustment command is sent to the mobile unit in
the outbound data or voice channel addressed to that mobile unit. This
power adjustment command is combined with the mobile unit one way
estimate to obtain the final value of the mobile unit transmitter power.

The power adjustment command signal is transmitted, in an
exemplary embodiment, by overwriting one or more user data bits every
millisecond. The modulation system employed in CDMA systems is
capable of providing correction coding for user data bits. The overwrite by
the power adjustment command is treated as a channel bit error or erasure
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power adjustment command bits may be used without overwriting user
data channel symbols.

The cell-site controller or processor can be used to determine the
desired signal strength, as received at the cell-site, for signals transmitted
by each mobile unit. The desired signal strength level values are provided
to each of the cell-site receivers. The desired signal strength value is used
for comparing with a measured signal strength value for generating the

i
s

power adjustment command.

A system controller is utilized to command each cell-site processor
as to the value of desired signal strength to use. The nominal power level
can be adjusted up or down to accommodate variations in the average
conditions of the cell. For example, a cell-site positioned in an unusually
noisy location or geographic region might be allowed to use a higher than
normal inbound power level. However, such a higher power level for in-
cell operation will result in higher levels of interference to immediate
neighbors of this cell. This interference can be compensated for by
allowing the neighbor cells a small increase in inbound link power. Such
an increase in inbound power in neighboring cells would be smaller than
that of the increase given to the mobile users communicating in the high

‘noise environment cell. It is further understood that the cell-site
processor may monitor the average bit-error-rate. This data may be used
by the system controller to command the cell-site processor to set an
appropriate inbound link power level to assure acceptable quality
communications. _

It is also desirable to provide a means for controlling the relative
power used in each data signal transmitted by the cell-site in response to
control information transmitted by each mobile unit. The primary reason
for providing such control is to accommodate the fact that in certain
locations, the outbound channel link from the cell-site to the mobile unit
may be unusually disadvantaged. Unless the power being transmitted to
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communicating with the mobile unit. In such a location, the total
interference would be increased by three times over the interference seen
by the mobile unit at a point relatively close to its cell- site. In addition,
the interference coming from these neighboring cell-sites will not fade in
unison with the desired signal as would be the case for interference
coming from the desired cell-site. This situation may required 3-4 dB
additional signal power to achieve adequate performance.

In another situation, the mobile unit may be located where several
strong multi-path signals arrive, resulting in larger than normal
interference. In such a situation, increasing the power of the desired
signal relative to the interference may allow acceptable performance. At
other times, the mobile unit may be located where the signal-to-
interference ratio is unusually good. In such a case, the cell-site could
transmit the desired signal using a lower than normal transmitter power,
reducing interference to other signals being transmitted by-the system.

' To achieve the above objectives, the preferred embodiment
includes a signal-to-interference measurement capability within the
mobile unit receiver. This measurement is performed by comparing the
power of the desired signal to the total interference and noise power. If
the measured ratio is less than a predetermined value, the mobile
transmits a request to the cell-site for additional power in cell-site
transmissions. If the ratio exceeds the predetermined value the mobile
unit transmits a request for a reduction in power.

The cell-site receives the power adjustment requests from each
mobile and responds by adjusting the power allocated to the
corresponding cell-site transmitted signal by a predetermined amount.
The adjustment would usually be small, on the order of 0.5 dB, or 12% .
The rate of change of power may be somewhat slower than that used for
the inbound link from the mobile unit to cell-site, perhaps once per
vocoder frame, or nominally once per 15 milliseconds. The dynamic
range of the adjustment would also be limited to 4 dB less than nominal
to about 6 dB greater than nominal. '
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BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become
more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters
correspond throughout and wherein:

Figure 1 is a schematic overview of an exemplary mobile cellular
telephone system;

Figures 2A-2D illustrate, in a series of graphs, mobile unit received
signal strength and transmit power as a function of distance;

- Figure 3 is a block diagram of a cell-site with particular reference to
the power control features of the present invention;

Figure 4 is a block diagram of the mobile unit with particular
reference to the power control features of the present invention;

Figure 5 is a block diagram illustrating in further detail the power
control features of the mobile unit of Figure 4; and

Figure 6 is a block diagram illustrating in further detail the power
control features of the cell-site of Figure 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An exemplary terrestrial cellular mobile telephone system in which
the present invention is embodied is illustrated in Figure 1. The system
illustrated in Figure 1 utilizes CDMA modulation techniques in
communications between the system mobile user, and the cell-sites.
Cellular systems in large cities may have hundreds of cell-site stations
serving hundreds of thousands of mobile telephones. The use of CDMA
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appropriate interface and processing hardware for provxdmg system
control information to the cell-sites. Controller 10 controls the routing of
telephone calls from the public switched telephone network (PSTN) to the
appropriate cell-site for transmission to the appropriate mobile unit.
Controller 10 also controls the routing of calls from the mobile units via at
least one cell-site to the PSTN. Controller 10 may direct calls between
mobile users via the appropriate cell-site stations since such mobile units
do not typically communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or by radio frequency
communications. In Figure 1, two exemplary cell-sites, 12 and 14, along
with two exemplary mobile units 16 and 18 which include cellular
telephones are illustrated. Arrows 20a-20b and 22a-22b respectively define
the possible communication links between cell-site 12 and mobile units 16
and 18. Similarly, arrows 24a-24b and arrows 26a-26b respectively define
the possible communication links between cell-site 14 and mobile units 18
and 16. Cell-sites 12 and 14 normally transmit using equal power.

Mobile unit 16 measures the total received power in pilot signals
transmitted by celi-sites 12 and 14 upon path 20a and 26a. Similarly,
mobile unit 18 measures the total received power in pilot signal as
transmitted by cell-sites 12 and 14 upon paths 22a and 24a. In each of
mobile units 16 and 18, pilot signal power is measured in the receiver
where the signal is a wideband signal. Accordingly, this power
measurement is made prior to correlation of the received signal with a
pseudonoise (PN) spectrum spreading signal.

When mobile unit 16 is closer to cell-site 12, the received signal
power will be dominated by the signal traveling path 20a. When mobile
unit 16 is nearer to cell-site 14, the received power will be dominated by
the signal traveling on path 26a. Similarly, when mobile unit 18 is closer
to cell-site 14, the received power will be dominated by the signal on path
24a. When mobile unit 18 is closer to cell-site 12, the received power will
be dominated by the signal traveling on path 22a.

to
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estimated path loss, together with knowledge of the mobile antenna gain
and the cell-site G/T is used to determine the nominal transmitter power
required to obtain the desired carrier-to-noise ratio in the cell-site receiver.
The knowledge by the mobile units of the cell-site parameters may be
either fixed in memory or transmitted in cell-site information broadcast
signals, setup channel, to indicate other than nominal conditions for a
particular cell-site.

As a result of the determination of the mobile unit nominal
transmit power, in the absence of Rayleigh fading and assuming perfect
measurements, the mobile unit transmitted signals will arrive at the
nearest cell-site precisely at the desired carrier-to-noise ratio. Thus the
desired performance will be obtained with the minimum amount of
mobile unit transmitter power. The minimization of the mobile unit
transmitted power is important in a CDMA system because each mobile
unit causes interference to every other mobile unit in the system. In
minimizing the mobile unit transmitter power, system interference will
be held to a minimum, thus allowing additional mobile users to share the
frequency band. Accordingly, system capacity and spectral efficiency is
maximized.

Figure 2A illustrates the effect of both Rayleigh fading as a function
of distance on the strength of the cell-site transmitted signal as received at
a mobile unit. The average path loss, indicated by curve 30, is determined
primarily by the fourth-power of the distance between the cell-site and the
mobile unit, and by the shape of the terrain between them. As distance
increases between the mobile unit and the cell-site, signal power decreases
as received at the mobile unit for a constant power transmitted cell-site
signal. The average path loss is the same for both directions of the link,
and typically exhibits a log-normal distribution about the average path

loss.

In addition to the slowly varying log-normal average path loss, the
rapid fading up and down around the average path loss is caused by the
existence of multiple path signal propagation. The signals arrive from
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cor r espondieligsipey@iobile unit communicatxon link, i.e. outbound and inbound '
channels. For example, when the outbound channel is fading, the
inbound channel is not necessarily fading at the same time.

Figure 2B illustrates the mobile unit transmitter powéx; adjusted to
correspond to the link path signal strength of Figure 2A. In Figure 2B,
curve 34 represents the desired average transmit power corresponding to
the average path loss of curve 30 of Figure 2A. Similarly, curve 36
corresponds to the mobile unit transmitter power responding to the
Rayleigh fading as represented by curve 32 of Figure 2A. As the Rayleigh
faded signal, curve 32 of Figure 2A, decreases in signal strength, rapid
increases in transmitter power result. These rapid upward excursions of
transmitter power can result in deleterious effects in overall system
performance. Therefore, the present invention envisions the use of a
nonlinear filter to control rapid upward excursions, or increases, in
transmitter power Furthermore, the present invention ‘also utilizes closed
loop power adjustment feedback from the cell-site to adjust mobile unit
transmitter power.

Figure 2C illustrates the mobile unit transmitter power
corresponding to Figure 2A without taking into consideration the cell-site
closed loop power adjustment feedback. In Figure 2C the desired average
transmit power, as represented by curve 34', corresponds to the mobile
unit received signal strength of curve 30 of Figure 2A. Curve 38 illustrates
the transmitter power utilizing the non-linear filter in power control of
the present invention.

The rapid upward excursions in transmitter power, as indicated by
the dashed lines of Figure 2C and correspond to the upward excursions in
curve 36 of Figure 2B, are significantly reduced. In curve 38, the upward
excursions are significantly reduced by setting the rate of increase in
transmit power to a fixed value. The resulting variation in transmitter
power relative to the desired transmit power is both limited in dynamic
range and in rate of change. This limitation allows the closed loop power
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As distance increases from the points marked Dq-Dj, transmitter

power decreases rather quickly corresponding to a sudden improvement
in the channel. Between the distance points marked D;-Dj the channel
degrades with a corresponding increase in transmitter power. The change
in degradation is not so significant such that the non-linear filter
maximum rate limits the rate of increase in transmitter power.

As distance increases as from the distance points marked D3-Dy, the
channel degrades much more rapidly than the nonlinear filter will permit
an increase in transmitter power. During this period, transmitter power
increases at the maximum rate permitted by the non-linear filter. During
the distance change indicated by marks D4-Ds, the channel begins
improving. However, as the quality of the channel improves the
transmitter power continues to increase at the maximum rate until
transmitter power is sufficient to meet the desxred level such as at
mark Ds

It is desirable to eliminate the upward excursions in transmitter
power which may cause unnecessary system interference. Should a better
path to another cell-site occur, which would result in unnecessary
interference in the system, quality communications in the system may be
maintained by limiting the rate of increase in transmitter power.

Figure 2D is a graph illustrating the cell-site received signal power
strength with respect to transmissions of the mobile unit as it travels from
the cell-site. Curve 40 indicates the desired average received signal power
at the cell-site for a signal transmitted from a mobile unit. It is desirable
that the average received signal power be at a constant level, yet a
minimum necessary to assure a quality communication link with the
mobile unit. Corrections are made at the mobile unit to correct for
Rayleigh fading in the cell-site transmitted signal.

The mobile unit transmitted signal experiences Rayleigh fading
before arriving at the cell-site receiver. The signal received at the cell-site
is therefore a signal of constant average received power level but still with
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unless an additional mechanism is employed to compensate for the

inbound channel Rayleigh fading. The closed loop power adjustment

command process employed at the cell-site is such a mechanism for

adjusting the mobile unit transmitter power, so as to compensate for the

Rayleigh fading on the inbound channel. In Figure 2D, curve 44 illustrates

the mobile unit transmitted signal power as received at the cell-site when

compensating for average path loss and Rayleigh fading on both the

inbound and outbound channels. As can be seen in Figure 2D curve 44

follows close to curve 40 except for instances of severe fading where the

fading process is minimized by the closed loop control.

In Figure 3, antenna 52 is provided for receiving multiple mobile
unit transmitted signals which are then provided to analog receiver 54 for
amplification, frequency downconversion and IF processing of the
received RF signal. The analog signals output from receiver 54 are
provided to a plurality of receiver modules for, extraction of user directed
information signals, generation of power adjustment commands, and
modulation of user input information signals for transmission. One such
module used in communications with a particular mobile unit, such as
mobile unit N, is module 50. Thus the output of receiver 54 is provided to

~ a plurality of these modules including module 50.

Module 50 comprises digital data receiver 56, user digital baseband
circuit - 58, received power measurement circuitry 60 and transmit
modulator 62. Digital data receiver 56 receives the wideband spread
spectrum signals for correlating and despreading the mobile unit N
transmitted signal to a narrowband signal for transfer to an intended
recipient communicating with mobile unit N. Digital data receiver 56
provides the narrowband digital signals to user digital baseband
circuitry 58. Digital data receiver 56 also provides the narrowband signal
to received power measurement drcuitry 60.

Received power measurement circuitry 60 measures the power




a correspondi ng conparison signal; filter means for, receiving said

. conparison signal,

control

non-linearly limting a rate of change in said received

conparison signal, and providing a correspondi ng open | oop power |evel
signal; and 31 second anplifier means operatively coupled to

said transmtter for, receiving said open | oop power |evel control signal,
and anplifying said i nbound spread spe&rum signal at a second’ gai'n

determ ned by said open | oop power |ev

control signal. 13. The

transceiver of Claim 12 wherein said receiver has an anal og receiver

port ! on aéya Ghoke!rekERRlY Sle R A nfdbith ANATR,| CRABERHOHIL, Means

coupl ed to sal

anal 0og recel v I on nmeasuri ng eband *si gnal

power

of all redBPIEHTeRANSoLIREHISTT 680ins FEERINAR ¢ ghal Mmeagured treel phpaseeyer of
Aaim 12 ghergies gap8wer! i@fust®@n® command which is input to transmit

modulator 62 for transmission to mobile unit N. As previously discussed,
the data bits in the power adjustment command are used by mobile unit N
in adjusting mobile unit transmitter power.

When the received power measurement is greater than the preset
level provided by a cell-site processor (not shown), an appropriate power
adjustment command is generated. Should the received power
measurement be less than the preset level, the power adjustment
command data bits are generated and indicate that an increase in mobile
unit transmitter power is necessary. Similarly, if the received
measurement is greater than the preset level, the power adjustment
command is generated such that the mobile unit transmitter power is
reduced. The power adjustment command is utilized to maintain a
nominal received power level at the cell-site.

The signal output from digital data receiver 56 is provided to user
digital baseband circuitry 58 where it is interfaced for coupling to the
intended recipient via the system controller and switch. Similarly,
baseband circuitry 58 receives user information signals intended for
mobile unit N and provides them to transmit modulator 62.

Transmit modulator 62 spread spectrum modulates the user
addressable information signals for transmission to mobile unit N.
Transmit modulator 62 also receives the power adjustment command
data bits from received power measurement drcuitry 60. The power
adjustment command data bits are also spread spectrum modulated by
transmit modulator 62 for transmission to mobile unit N. Transmit
modulator 62 prbvides the spread spectrum modulated signal to summer
64 where combined with spread spectrum signals from other module
transmit modulators also located at the cell-site.

The combined spread spectrum signals are input to summer 66
where they are combined with a pilot signal provided by pilot signal
generator 68. These combined signals are then provided to circuitry (not
shown) for frequency upconversion from the IF frequency band to the RF
frequency band and amplified. The RF signals are then provided to
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In Figure 4, the mobile unit, such as mobile unit N, includes an
antenna 70 for collecting cell site transmitted signals and radiating mobile
unit generated CDMA signals. Mobile unit N receives the pilot signal,
setup channel signals and the mobile unit N addressed signals using
antenna 70, analog receiver 72 and digital data receiver 74. Receiver 72
amplifies and frequency downconverts the received RF CDMA signals to
IF, and filters the IF signals. The IF signals are output to digital data
receiver 74 for digital processing. Receiver 72 also includes circuitry for
performing an analog measurement of the combined power of the
received signals. This power measurement is used to generate a feedback
signal that is provided to transmit power control circuitry 76 for
controlling transmit power.

Digital data receiver 74 is used for déspreading and correlating the
received signals addressed to mobile unit N. Receiver 74 also separates the -
digital data from the power adjustment commands generated by the cell
site. The power adjustment command data bits are sent to control
processor 78. Processor 78 in response to the power adjustment command
data bits generates a transmit power control command that is provided to
transmit power control drcuitry 80. Processor 78 also provides a level set
command to transmit power control circuitry 76. Further details on the
interaction of receiver 72, transmit power control 76 and 80, and processor
are described in further detail with reference to Figure 5.

Receiver 74 also provides data such as digitized encoded speech to
user digital baseband dircuitry 82 for decoding and interface with the user.
Baseband circuitry 82 includes interface hardware for coupling receiver 74
and transmit modulator 82 to the user handset (not shown).

Data to be transmitted is provided through baseband circuitry 82
where it is encoded and provided to transmit modulator 84. The data is
spread spectrum modulated by transmit modulator 84 according to an
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command provided by control processor 78. This power adjusted signal is
provided from transmit power control circuitry 80 to transmit power
control circuitry 76 where the signal is adjusted in accordance with the
analog measurement control signal. Although illustrated as two separate
units for controlling the transmit power, the power level could be
adjusted by a single variable gain amplifier with two input control signals
combined before being applied to the variable gain amplifier. However in
the illustrated exemplary embodiment the two control functions are
shown as separate elements.

In the operation of the power control circuitry illustrated in
Figure 4, receiver 72 measures the combined power level of all signals
received from all cell-sites. These power level measurement results are
used in controlling the power level as set by transmit power control
circuitry 76. Transmit power control circuitry 76 includes circuitry in
which the rate of increase transmitter power is limited by a non-linear
filter as previously discussed. The rate of increase is set to be no faster
than the rate at which transmit power control circuitry 80 can turn the
power down in response to a series of downward commands from the cell-
site as processed by receiver 74 and processor 78. |

' Figure 5 illustrates in further detail the power control aspect of
mobile unit N discussed with reference to Figure 4. In Figure 5, received
RF signals from the antenna are provided to frequency downconverter 90
where the received RF signals are converted to an IF frequency. The IF
frequency signals are coupled to bandpass filter 92 where out of band
frequency components are removed from the signals.

The filtered signals are output from filter 92 to variable gain IF
amplifier 94 where the signals are amplified. The amplified signals are
output from amplifier 94 to an analog to digital (A/D) converter (not
shown) for digital signal processing operations on the signals. The output
of amplifier 94 is also coupled to automatic gain control (AGC) detector
circuit 96.

AGC detector circuit 96 generates a gain control signal which is



transmtted spread spectrum conmuni cation signals in opposite
correspondence to variations in signal power of fir ranscei ver received

spread spectrum comuni cation signals; and closed qqmmg&%;mﬁ itr-ety means
operatively coupled to said first and second transfepxer fOr¥f uriEher

controlling signal power of said first transceiver|/tfrapsmtted Sprjegd

spectrum conmuni cation signals in opposite corresgo ehde FFG 189pi atifons in
si gnal power of second transceiver rec22ved sprea [ [
signals. 19. The system of Claim 18 wherein saifd open | oop power jcontrol
means provi des i,ncreases in aﬂ'gnaltapfomer .at a rat n .decreages in

si gnal powePUPlg. to argaIrs GaRiER IMpUt GtAMPLLEr QherEhip g0 FOBFE
control neaged 6 Vondest thecgAasEStheNamiplifithr PPYBIasato mdiAtfnlLssndthan said
The Syst onFVEREEIPAAY IedeLFERBIRAIIZ0E SREHTeE S (BoerA Lohtarierians
conpensates for AGC iddteeds difcuihdbnaboopriidesnn alitpet koo Hlt epwer in
a second transceiver tq. first transceiver conmupi cation X

comparator 98. “Ihe other mpu? of comparator 98 1s provided with a level

set signal from the mobile unit processor (not shown). This level set

signal is indicative of a desired transmitter reference power level. These

input signals are compared by éomparator 98 with the comparison signal

provided to a non-linear filter circuit 100. This comparison signal

corresponds to a deviation in the received power measurement from a

desired mobile unit transmitter power level.

Filter 100 may be configured as a simple resistor-diode-capacitor
circuit. For example, the input to the drcuit is a common node shared by
two resistors. The other end of each resistor is coupled to a respective
diode. The diodes are reversed in their connection to the resistors and the
other end of each diode coupled together at a common node as an output
of the filter. A capacitor is coupled between the diode common node and
ground. The filter circuit is designed to limit the rate of power increase to
less than 1 dB per millisecond. The rate of power decrease is typically set
to be about ten times faster than the rate of power increase, i.e. 10 dB per
millisecond. The output of filter 100 is provided as a power level control
signal input to the gain control input of variable gain IF amplifier 102.

AGC detector drcuit 96, comparator 98 and filter 100 estimate
received mobile unit signal power and the power correction necessary for
the mobile unit transmitter. This correction is used to maintain a desired
transmitter power level in conditions of fading on the outbound channel
that are common to the inbound channel.

Transmit modulator circuit 84 of Figure 4, provides a low power, IF
frequency spread spectrum signal to an input of variable gain IF
amplifier 104. Amplifier 104 is gain controlled by a power level control
signal from processor 78 (Figure 4). This power level control signal is
derived from the closed loop power adjustment command signal
transmitted by the cell-site and processed by the mobile unit as discussed
with reference to Figure 4.

The power adjustment command signal consists of a sequence of
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control level set to a nominal value. Each power-up command increases
the value of a gain control command corresponding to a resultant
approximate 1 dB increase in amplifier gain. Each power-down command
decreases the value of the gain control command, corresponding to a
resultant approximate 1 dB decrease in amplifier gain. The gain control
command is converted to analog form by a digital to analog (D/A)
converter (not shown) before applied to amplifier 104 as the power level
control signal. .

The mobile unit reference power level may be stored in the
memory of the control processor. In the alternative, the mobile unit
reference power level may be contained within a signal sent to the mobile
unit. This signal command data is separated by the digital data receiver
and interpreted by the control processor in setting the level. This signal as
-provided from the control processor is converted by a digital to analog
(D/A) converter (not shown) before input to comparator 98,

The output of amplifier 104 is provided as an input to amplifier 102.
Amplifier 102 as previously mentioned is also a variable gain IF amplifier
with the gain determined according to the power level control signal
output from filter 100. The signal for transmission is thus amplified in
accordance with the gain set by the power level control signal. The
amplified signal output from amplifier 102 and is further amplified and
frequency translated to the RF frequency for transmission. The RF signal
is then fed to the antenna for transmission. _

Figure 6 illustrates in further detail the power control scheme of the
cell-site as illustrated in Figure 3. In Figure 6, a mobile unit transmitted
signal is received at the cell-site. The received signal is processed by the
cell-site analog receiver and cell-site corresponding to mobile unit N.

In the digital data receiver, receiver 56 of Figure 3, the received
analog signal is converted from analog to digital form by A/D
converter 110. The digital signal output from A/D converter is provided
to pseudorandom'noise (PN) correlator 112 where the signal undergoes a
correlation process with a PN signal provided from PN generator 114.
The output of PN correlator 112 is provided to a fast Hadamard transform

ons in
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power contffledr syEADbSIsClOTPOWeeAverager circuit 118. Power averager circuit 118

averages the largest transform outputs over a one millisecond interval
using well known digital techniques.

A signal indicative of each average power level is output from
power averager 118 to comparator 120. Comparator 120 also receives a
power level set signal indicative of the desired received power level. This
desired received power level is set by the control processor for the cell-site.
Comparator 120 compares the two input signals and provides an output
signal indicative of the deviation of the average power level from the
desired power level. This signal is provided output to power up/down
command generator 122. Generator 122 in response to the comparison
generates either a power-up or a power-down command. Power

command generator 122 provides the power control commands to the

cell-site transmit modulator for transmission and control of the
transmitter power of mobile unit N. :

If the received power at the cell-site is higher than that desired of
mobile unit N, then a power-down command is generated and
transmitted to mobile unit N. However, if the received power level at the
cell-site is too low, then a poWer-up command is generated and
transmitted. The up/down commands are transmitted at a high rate,
nominally 1,000 commands per second in the exemplary embodiment. At
one bit per command, the overhead of the power command is
insignificant compared to the bit rate of a high quality digital voice signal.

The power adjustment command feedback compensates for changes
in the inbound channel that are independent of the outbound channel.
These independent inbound channel changes are not measured in the

outbound channel signal. Therefore the path loss estimate based upon’

then outbound channel and the corresponding transmitter power
adjustment do not reflect the changes in the inbound channel. Thus, the
power adjustment command feedback is used to compensate for
adjustments in the mobile unit transmitter power based on the inbound
channel path losses that do not exist in the outbound channel.
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spread spectrum comuni cation signals in correspondence with said power
adj ust nent comlartnga elosed ledpsprdenldpraqess it isahighty \desirable for the

command to arrive at the mobile unit before conditions change
significantly. The present invention provides a novel and unique power
control circuitry at the cell-site for minimizing delay and latency of
measurement and transmission. The power control circuitry at the
mobile unit, analog control and digital command response, provides a
vastly improved power control process in the cellular mobile telephone
system.

The previous description of the preferred embodiments are
provided to enable any person skilled in the art to make or use the present
invention. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principals defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be

limited to the embodiments shown herein, but is to be accorded the widest

scope consistent with the principals and novel features disclosed herein.

WE CLAIM:

M

7/2/7[//7)/[7[77]/(1 |

THIS SHEET HAS BEEN
REPLACED




26. The system of C aim 25 wherein said neans for neagtrt ' - owey
cof first transceiver received spread spectrum comuni c AtREGhAGEIGET SHEET |
nmeasur es_w deband signal power, and said neans for meagufTTg signal pgwe]
of second [ransceiver—eeei-ved spread spectrum comuni fati org SIxmadey
transm tteH ﬂ'} ’m”t ranscei ver digitally neasurgs}narrowband siignjal
power . jﬁm (un Cl aim 18 further conpri sing}additional—dosed

| oop power control freahs ‘operatively czgipled to said f|rst and second
transcei ver for controlling signal power of said second transceiver
transmtted spread spectrum comn@&mi gnhal s in opposite
correspondence to variations of a rati o, of signal power of first
transcei ver received spread spectrum communication signals to a signal’

power of interferingnsigpRhir Mbblle'te el sferdopl W?ﬁ'c}'i Wgs@m @ers  The

system of C aim 27 erein said addjt] cI osed control neans
conpr i ses:CORBWSFaSE mﬁ%rawrmhg&gnglﬁabe%m oge aqutherr%xta 2t lgast @nger

received spledee SREGE 'ddle SRIEION aRtitiple Sdtesd ICOMIAIspkaat gécthimnscei ver
communication signals, a power control system for controlling
transmission signal power for each mobile telephone in said cellular
mobile telephone system, wherein each mobile telephone has an antenna,
transmitter and receiver and each cell-site has an antenna, at least one

transmitter and at least one receiver, said power control system
comprising:

at least one first power measurement means, each coupled to a
respective mobile telephone receiver, for measuring signal power in
CDMA communication signals received by said respective mobile
telephone receiver;

at least one first power adjustment means, each coupled to a
respective mobile telephone transmitter and corresponding first power
measurement means, said first power adjustment means responsive to
decreases and increases in power measurements of said corresponding first
power measurement means with respect to a first predetermined power
level, for respectively increasing and decreasing transmission signal power
of said corresponding mobile telephone transmitter;

at least one second power measurement means, each coupled to a’
respective cell-site receiver, for measuring signal power in each CDMA
communication signal directed to said respective cell-site receiver from a
corresponding mobile telephone transmitter in communication
therewith; '

at least one power adjustment command generator means, each
coupled to a respective cell-site transmitter and corresponding second
power measurement means for, generating power adjustment commands
corresponding to deviations in power measurements of said
corresponding second power measurement means from a second
predetermined power level, said respective cell-site transmitter
transmitting said power adjustment commands; and

at least one second power adjustment means, each coupled to a
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communi catjon signals as transmtt sal irst Eranscel ver
adjusting “transmission signal power of said corresponding moblle

telephone transmitter.

2. The power control system of Claim 1 wherein said first power
adjustment means provided increase in transmission signal power is at a
rate less than said first power adjustment means provided decrease in
transmission signal power.

3. The power control system of Claim 1 wherein said first power
measurement means power measurements correspond to a sum of all
contemporaneously received CDMA communication signals within a
predetermined frequency band, and said first power measurement means
is further for generating and providing a corresponding first power
measurement signal to said corresponding first power adjustment means.

4..  The power control system of Claim 3 wherein said first power
adjustment means comprises:

comparator means for receiving said first power measurement
signai and a first power level set signal, said first power level set signal
corresponding to a desired mobile telephone transmitter power level, for
comparing said first power measurement signal with said first power level
set signal, and for providing a corresponding comparator output signal;
and |

variable gain amplification means operatively coupled to said
mobile telephone transmitter for receiving said comparator output signal
and responsive thereto for varying transmission signal power of said
corresponding mobile telephone transmitter.

5. The power control system of Claim 4 further comprising
filter means disposed between said comparator means and said variable
gain amplification means for receiving said comparator output signal, for
unequally limiting a rate of change in increases and decreases in said
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first transceive ni cating informti I st
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said first transceiver transmtted spread

6. An apparatus for controlling transmission signal power in a

cellular mobile telephone in communications with at least one cell-site
station using code division multiple access (CDMA) spread spectrum
communication signals, said cellular mobile telephone having an antenna
coupled to a transmitter and a receiver, said transmitter for generating and
transmitting a CDMA carrier signal according to an assigned spreading
function modulated by a mobile user input information signal, said
receiver for receiving CDMA communication signals and spectrum
processing said received CDMA communication signals according to an
assigned spreading function so as to recover a mobile user output
information signal intended for a user of said cellular mobile telephone,
said cell-site station communicating power control commands in CDMA
communication signals intended for said cellular mobile telephone with
said receiver providing an output of said power control commands, said
apparatus comprising:

measurement means for, operatively coupling to said receiver,
measuring combined signal power in contemporaneously received CDMA
communication signals and providing a measurement signal‘ indicative of
measured signal power; '

adjustment means for, operatively coupling to said transmitter,
receiving said measurement signal, varying transmitter signal power in
opposite correspondence to variations in measured signal power about a
predetermined power level; and

additional adjustment means for, operatively coupling to said
receiver and transmitter, receiving said power adjustment commands,
and varying transmitter signal power in correspondence thereto.

7. The apparatus of Claim 6 wherein said adjustment means is
responsive to said measurement signal for, increasing transmitter signal
power in response to decreases in measured signal power with respect to
said predetermined power level, and decreasing transmitter signal -power
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8. The apparatus of Claim 7 wherein said adjustment means
rate of increase in transmitter signal transmission power is less than a rate
of decrease in transmitter signal transmission power.

S. The apparatus of Claim 6 wherein said cell-site station
measures signal power of said cellular mobile telephone transmitted
CDMA communication signals and generates for transmission said power
adjustment commands indicative of one of an increase and a decrease in
said cellular mobile telephone signal power so as to maintain a
predetermined power level for cell-site station received CDMA
communication signals from said cellular mobile telephone.

10. The apparatus of Claim 6 wherein said adjustment means
comprises:

comparator means for receiving measurement signal and a first
power level set signal, said first power level set signal corresponding to a
desired cellular mobile telephone transmitter power level, for comparing
said first power measurement signal with said first power level set signal,
and for providing a corresponding comparator output signal; '

filter means for, receiving said comparator output signal, limiting a
rate of change in variations in said comparator output signal, and
providing an output of a corresponding limited comparator output signal;
and

variable gain amplification means, operatively coupled to said
transmitter, for receiving said limited comparator output signal and
responsive thereto for varying signal power of said transmitter.

11. The apparatus of Claim 10 wherein said additional
adjustment means comprises:

processor means for, receiving said power adjustment commands,
accumulating said power adjustment commands with a predetermined
gain control level setting, and providing a corresponding power
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12 A transceiver having a receiver for receiving and
demodulating an outbound information containing spread spectrum
signal as transmitted by a base station to an intended user, and a
transmitter for transmitting an inbound information containing spread
spectrum signal to said base station for transfer to another intended user,
said transceiver having'a power control system for controlling transmitter
signal power at a predetermined level for said inbound spread spectrum
signal as received at said base station, said power control system
comprising:

control processor means coupled to said receiver for, receiving from
said receiver power adjustment commands transmitted in said outbound
spread spectrum signal, accumulating values corresponding to each of said
power adjustment commands with respect to a predetermined closed loop
power level value, and generating a corresponding closed loop power
level control signal, said control processor further for generating an open
loop power level signal in accordance with a predetermined open loop
power level value;

first amplifier means operatively coupled to said transmitter for,
receiving said closed loop power level control signal, and amplifying said
inbound spread spectrum signal at a first gain determined by said closed
loop power level control signal;

automatic gain control means coupled to said receiver for,
measuring a combined signal power of signals received by said receiver,
and providing a corresponding power measurement signal;

comparator means for, receiving and comparing said power
measurement signal and said open loop power level signal, and providing
a corresponding comparison signal;

filter means for, receiving said comparison signal, non-linearly
limiting a rate of change in said received comparison signal, and
providing a corresponding open loop power level control signal; and
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32. The systemof C aim 30 wherein said step of cont ' |
.of said first transceiver transnitted spread spectrum E5Rbi0¥ealT onzsi
i n opposite correspondence to variations in signal p ~gf-~second
transcei ver received spread spectrum conmuni cati on sijg ,alf,s_g;cggrgrqg,g,g?t e
steps of: neasuring signal power of second transceiver irecéi ved spf efad
spectrum communi cation signals transnm tted by said fi -

r dt-transceiver
generating power adjustnent comrands Bk opposi te corfespondence to
devi ations in said second transcei ver neasured si gnal ™~ power-wi-t-h-r.espect to

a desired recepld,an ?ﬁﬁﬁrﬁelr%gln’\s ?ﬁg?&ﬁ&&ga@;ﬂeﬁq}ﬁ’e{a& ' Ut r fmands
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first tropseeindeéprleadspictiued si#a a second gain determined by said open

loop power level control signal.

13.  The transceiver of Claim 12 wherein said receiver has an
analog receiver portion and a digital receiver portion, said automatic gain
control means coupled to said analog receiver portion for measuring
wideband signal power of all received outbound spread spectrum signals.

14. The transceiver of Claim 12 wherein said filter means
provides a rate of change in increases of said comparison signal that is
greater than a rate of change in decreases in said comparison signal.

15.  The transceiver of Claim 12 wherein an increase in measured
signal power corresponds to an increase in said comparison signal and
corresponding open loop power control level signal with said second
amplifier means responsive thereto for decreasing said second gain, and a
decrease in measured signal power corresponds to a decrease in said
comparison signal and corresponding open loop power control level

- signal with said second amplifier means responsive thereto for increasing
said second gain. '

16. The transceiver of Claim 13 wherein said digital receiver
portion extracts said power adjustment commands from said outbound
spread spectrum signal and said control processor means is coupled to said
digital receiver portion for receiving said power adjustment commands so
as to generate said closed loop power level control signal, wherein each
power adjustment command affects a change in said closed loop power
level control signal with said first amplifier means responsive to each
change in said closed loop power level control signal so as to provide a
corresponding change in said first gain.

17.  The transceiver of Claim 16 wherein each change in said first
gain corresponds to a predetermined dB change in gain of said transmitter.
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37 spectrum communi cation signals in correspondence with said power

.adj ust ment commands as received by said first transce
of Claim 29 further conprising the step of controlli’
said second transceiver transmtted spread spectrumc
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power of first transceiver received sgread spectrum co
to a signal power of interfering sign ?s, with respect

{abi i, Fick 6

T It hod
r

ini cati-on sidnal s

t0 a desired ratj o.
34. The systemof Claim 33 wherein said step of contfolling signal

of said second transceiver transmitted spread spectrum connuni cation
signals conprises the steps of: neasuring signal power of all first :
transcei ver rebeivetl spstem tsecorntnalbogmimansmissioni pawer iofica ufirstg ot her

transceiy Eﬁéeg@ﬂie%%ﬂesm %ﬂﬁ%ﬁm%&%ﬁgﬁ%sbg%'ﬁs?g‘%egy

signal s of sal

spectrum co Ication signals transmtt

second t refBg&pyesd spectrum communication signals, to a second transceiver for

transfer to a second user, and capable of extracting information signals of a
second user transmitted to said first transceiver by said second transceiver,
also using spread spectrum communication signals, said system
comprising:

open loop power control means operatively coupled to said first
transceiver for controlling signal power of said first transceiver
transmitted spread spectrum communication signals in opposite
correspondence to variations in signal power of first transceiver received
spread spectrum communication signals; and

closed loop power control means operatively coupled to said first
and second transceiver for further controlling signal power of said first
transceiver transmitted spread spectrum communication signals in
opposite correspondence to variations in signal power of second
transceiver received spread spectru.fn communication signals.

19. The system of Claim 18 wherein said ‘open loop power
control means provides increases in signal power at a rate less than
decreases in signal power.

20. The system of Claim 18 wherein said open loop power
control means provides increases in signal power at a rate less than said
closed loop power control means provides decreases in signal power.

21. The system of Claim 18 wherein said open loop power
control means compensates for variations in channel conditions affecting
signal power in a second transceiver to first transceiver communication
channel.

22. The system of Claim 18 wherein said closed loop power
control means compensates for variations in channel conditions affecting
signal power in a first transceiver to second transceiver communication

I
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measuring signal power of first transceiver received spread spectrum
-comuni cation signals as transmtted by said second transceiver; conparing
sai d neasured signal power of first transceiver received spread spectrum
comuni cation signals as transmtted by said second tiar S mLW;t d
measured signal power of all first transceiver recei v oﬁ%éﬁehﬁaépe& b
communi cation signals so as to provi d§3 a signal- to-i 'tefr“f‘éT’*é“ﬁ‘é“’é"“’r“a‘t“1""";0
e | cor§ esponegnce fo

val ue; generating power adjustnent requests in opposi )
deviations in said signal-to-interference ratio valuej{wjth respect to a
desired shgmalelto-interference ratio value; inserting{saird power adjust ment
requests in said spread spectrum comunication signali$ as transnitted by
said first transceiver to said second transceiver; and adjusting Signal
power of said23ecorthe syatarei vérClaiandd twhereinr said axpert loopcpomari cat i on
si gnal s i.BneR TREARNESHRGRiM! h said power adjustnment requests as received

by said second transceiver. ) ] . .
means for measuring signal power of first transceiver received

spread spectrum communication signals; and
means for adjusting signal power, of said first transceiver
transmitted spread spectrum communication signals, in opposite

correspondence to deviations in said first transceiver measured signal
power with respect to a predetermined transmission power level.

24,  The system of Claim- 18 wherein said closed loop power
control means comprises:

means for measuring signal power of second transceiver received
spread spectrum communication signals transmitted by said first
transceiver;

means for generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;

means for inserting said power adjustment commands in said
spread spectrum communication signals as transmitted by said second
transcejver to said first transceiver ; and

means for further adjusting signal power of said first transceiver
transmitted spread spectrum communication signals in correspondence
with said power adjustment commands as received by said first
transceiver. '

25. The system of Claim 23 wherein said closed loop power
control means comprises:

means for measuring signal power of second transceiver received
spread spectrum communication signals transmitted by said first
transceiver;

means for generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;
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38 35. In a cellular nobile tel ephone systemin which pﬁbemu ,ers{,,,,__
-communi cate information signals between one anot her vi AL’ Haddfrignatit
cell-site using code division nultiple access (CDVA) splrepd spectrum 1
comuni cation signals, a method for controlling transmjssj of -rsr*gn;ati;%omer
for each nobile tel ephone in said cellular nobile tel ephong system. where

each nobile tel ephone has an antenna, 44ransnitter and rjecei ver, and €ach
cel | -site has an antenna, at |east oné transmtter and lat | east one

recei ver, said nmethod conprising the steps of: measuring signal power in
CDMVA conmuni cammssifméhsenthrgaismédi pyweachdjuestpectti vemmbnde iheksejdone
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means for further adjusting signal power of said first transceiver
transmitted spread spectrum communication signals in correspondence
with said power adjustment commands as received by said first
transceiver.

26.  The system of Claim 25 wherein said means for measuring
signal power of first transceiver received spread spectrum communication
signals measures wideband signal power, and said means for measuring
signal power of second transceiver received spread spectrum
communication signals transmitted by said first transceiver digitally
measures narrowband signal power.

27.  The system of Claim 18 further comprising additional closed
loop power control means operatively coupled to said first and second
transceiver for controlling signal power of said second transceiver

- transmitted spread spectrum communication signals in opposite

" correspondence to variations of a measured ratio, of signal power of first

transceiver received spread spectrum communication signals to a signal
power of interfering signals, with respect to a desired ratio.

28.  The system of Claim 27 wherein said additional closed loop
power control means comprises:

means for, measuring signal power of all first transceiver received
spread spectrum communication signals including other transceiver
transmitted spread spectrum communication signals and multipath
signals of said spread spectrum communication signals transmitted by said
second transceiver, measuring signal power of first transceiver received
spread spectrum communication signals as transmitted by said second
transceiver, comparing said measured signal power of first transceiver
received spread spectrum communication signals as transmitted by said
second transceiver with said measured signal power of all first transceiver
received spread spectrum communication SIgnals so as to provide a
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first predeterm ned power |evel; nmeasuring signal power |n each CDVA
. communi cati on signal received at each respective cell-s Y TS
transmtted froma correspondi ng nobil e tel ephone transi
comuni cation therewi th; generating power adjustnent COTnands correqpoﬁdlﬂg
to deviations in corresponding cell-site power neasurenﬁngs?f@oﬁmé“%&band
predet er mi ned power |evel; transmitting said power adjuptfent_commends :
along with said i nf or mat i on signals fr each respective cell-site to a
correspondi ng nobil e tel ephone in conmuni cation therew th,_receiving at

each respecti ne_,receiver Id_power ust nent conman nds
corresponﬁﬁ%&Y?ﬁéPEetrhereﬁﬁ%ﬁgQ? ‘Z?lluﬁg E%r%ﬁiﬁﬁgs?cgwmgajﬁﬂ’t%%%}'e% sé%lch
cor responih rop pasbiel eotneb hoerecd tandeviatimsi in caid esignabiendnterferaace power
adJ ust nen e ei ver.
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ratio value, and inserting sdid power ad)ustment requests in said spread
spectrum communication signals as transmitted by said first transceiver to
said second transceiver; and
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means for adjusting signal power of said second transceiver
transmitted spread spectrum communication signals in correspondence
with said power adjustment requests as received by said second
transceiver.

29. A method for controlling transmission power of a first
transceiver capable of communicating information signals of a first user,
using spread spectrum communication signals, to a second transceiver for
transfer to a second user and capable of extracting information signals of a
second user communicated to said first transceiver by said second
transceiver using -said spread spectrum communication signals, said
method comprising the steps of:

controlling signal power of said first transceiver transmxt-ted spread
spectrum communication signals in opposite correspondence to
variations in signal power of first transceiver received spread spectrum
communication signals ; and

controlling signal power of said first transceiver transmitted spread
spectrum communication signals in opposite correspondence to
variations in signal power of second transceiver received spread spectrum
communication signals. |

30. The method of Claim 29 wherein said step of controlling
signal power of said first transceiver transmitted spread spectrum
comumunication signals in opposite correspondence to variations in signal
power of first transceiver received spread spectruin communication
signals comprises the steps of : '

' measuring signal power of first transceiver received spread
spectrum communication signals; and

adjusting signal power, of said first transceiver transmitted spread
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transm ssi on signal power of each correspondi ng nobi I[E
-transmtter in opposite correspondence to variations
nobi | e tel ephone power neasurenents with respect to & fiirst =~
predet ermi ned power |evel further conprises the step|of: 2 &nFER fgL7a wage of
i ncrease in transm ssion signal power of each correspomndi ng nobile % i
tel ephone transmtter less than a rate of decrease ip transm ssion signal
power of each correspondi ng nobile teﬁéphone transm fter. 37. The netihod
of Claim 35 wherein said step of varying transm ssion signal power of each
correspongy [ t L tt | Si dence to
vari ot oncPr ey, LEbELRRAANS, SR B BPpERRR® cofretidmRIREe |
respect t@euiationstinpasdiéirsl wnscel yrineasured sigpabposes with respegss tofa

predetermined transmission power level.

31.  The system of Claim 29 wherein said step of controlling
signal power of said first transceiver transmitted spread spectrum
communication signals in opposite correspondence to variations in signal
power of second transceiver received spread spectrum communication
signals comprises the steps of:

measuring signal power of second transceiver received spread
spectrum communication signals transmitted by said first transceiver;

generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;

inserting said power adjustment commands in said spread
spectrum communication signals as transmitted by said second transceiver
to said first transceiver ; and ' . _

adjusting signal power of said first transceiver transmitted spread
spectrum communication signals in correspondence with said power
adjustment commands as received by said first transceiver.

32. The system of Claim 30 wherein said step of controlling
signal power of said first transceiver transmitted spread spectrum
communication signals in opposite correspondence to variations in signal
power of second transceiver received spread spectrum communication
signals comprises the steps of:

measuring signal power of second transceiver received spread
spectrum communication signals transmitted by said first transceiver;

generating power adjustment commands in opposite
correspondence to deviations in said second transceiver measured signal
power with respect to a desired reception power level;

inserting said power adjustment commands in said spread
spectrum communication signals as transmitted by said second transceiver
to said first transceiver; and

adjusting signal power of said first transceiver transmitted spread
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mobi |l e tel ephone transnmtter in response to a decreap®prsgE@oeT espondi ng
nobi | e tel ephone power neasurement with respect to shi th.l.»tsi ...... pr.ed.eter ned
%of each

providing an increase in transm ssion signal power oL._each_cof_LesandLr

power |evel; and providing an decrease in transm ssipn}sign P9
correspondi ng nobil e tel ephone transmtter in respon:ett A Ghérdade jin a
correspondi ng nobil e tel ephone power rT'glfasurement with Les-pechL@_saJ difirst
predet erm ned power |evel. 38. The hod of O aimpB5 wherein said stiep of
generating power adjustnent comrands correspondi ng te—dev-atonrs—i-n
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power conpri ses the steps 0Of: a power-up co nd in
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sai d second predetermnined power |evel; and generating a power-down comand
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controlling signal power of said second transceiver transmitted spread

spectrum communication signals in opposite correspondence to
variations of a measured ratio, of signal power of first transceiver received
spread spectrum communication signals to a signal power of interfering
signals, with respect to a desired ratio.

34. The system of Claim 33 wherein said step of controlling
signal power of said second transceiver transmitted spread spectrum
communication signals comprises the steps of:

measuring signal power of all first transceiver received spread
spectrum communication signals including other transceiver transmitted
spread spectrum communication signals and multipath signals of said
spread spectrum communication signals transmitted by said second
transceiver;

measuring signal power of first transceiver received spread
spectrum communication signals as transmitted by said second
transceiver; _

comparing said measured signal power of first transceiver received
spread spectrum communication signals as transmitted by said second
transceiver with said measured signal power of all first transceiver
received spread spectrum communication signals so as to provide a signal-
to-interference ratio value;

generating power adjustment requests in opposite correspondence
to deviations in said signal-to-interference ratio value with respect to a
desired signal-to-interference ratio value;

inserting said power adjustment requests in said spread spectrum
communication signals as transmitted by said first transceiver to said
second transceiver; and

adjusting signal power of said second transceiver transmitted spread
spectrum communication signals in correspondence with said power
adjustment requests as received by said second transceiver.
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predet ernined power level. 39. The nethod of O ai m 38 {whe
~adjusting transm ssion signal power of each correspondl n

t"d:“"s,r"e;p; of
't el éﬁhone
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transmitter in correspondence to said power adjustnentic rmands d"rect’bd to

sai d respective nobile tel ephone receiver conprises the stepe

I ncreasi ng nobile tel ephone transmtter signal in respon@e* to. each _pow

comrand;

each power-dovvn command. 40. The meth¥d of O ai m 37 wherein. said step o’f
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up

and decreasing nobile tel ephone transmtter signal in response Io

generating power adjustnent comrands corresponding to devi ations in
corresponding cell-site power neasurenents from a second

35. In a cellular mobile telephone system in which system users
communicate information signals between one another via at least one
cell-site using code division multiple access (CDMA) spread spectrum
communication signals, a method for controlling transmission signal
power for each mobile telephone in said cellular mobile telephone system,
wherein each mobile telephone has an antenna, transmitter and receiver,
and each cell-site has an antenna, at least one transmitter and at least one
receiver, said method comprising the steps of:

measuring signal power in CDMA communication signals received
by each respective mobile telephone receiver;

varying transmission signal power of each corresponding mobile
telephone transmitter in opposite correspondence to variations in
corresponding mobile telephone power measurements with respect to a
first predetermined power level;

measuring signal power in each CDMA communication signal
received at each respective cell-site receiver as transmitted from a
corresponding mobile telephone transmitter in communication
therewith; -

generating power adjustment commands corresponding to
deviations in corresponding cell-site power measurements from a second
predetermined power level;

transmitting said power adjustment commands along with said
information signals from each respective cell-site to a corresponding
mobile telephone in communication therewith;

receiving at each respective mobile telephone receiver said power
adjustment commands corresponding thereto; and

adjusting transmission signal power of each corresponding mobile
telephone transmitter in correspondence to said power adjustment
commands directed to said respective mobile telephone receiver.

36. The method of Claim 35 wherein said step of varying
transmission signal power of each corresponding mobile telephone
transmitter in opposite correspondence to variations in corresponding
mobile telephone power measurements with respect to a first
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predet ermi ned power |evel conprises the steps of: generating a power-up
. command in response to a decrease in a corresponding c B |/j

measurenent from sai d second predetermnm ned power |evel; ﬁ%" en;pﬁatrr‘ig‘ ‘a
power - down command in response to an increase in a corresponm ng. \cel I -$ e
power neasurenent from said second predeternined power |l evel & £EB § “’Fheu
met hod of C aim 40 wherein said step gf adjusting trangmission_si gnal Jbower
of each correspondi ng nobile tel ephone transmtter in correspondence to
sai d power adjustnment commands directed to said respectfive nobile telephone
recei ver predeterseinetowee pevebffurthec coasprigesmite $tepteft ephone transmitter

el phone tranSRICEE, 2 Sena T Sl bReB R Emudan p%?f‘i%‘e Sl 2.

The net hawrodspOnding 36obite telephione sransmsitegr leks thas w ratg of decrease in
transmission signal power of each corresponding mobile telephone
transmitter.

37. The method of Claim 35 wherein said step of varying
transmission signal power of each corresponding mobile telephone
transmitter in opposite correspondence to variations in corresponding
mobile telephone power measurements with respect to a first
predetermined power level comprises the steps of:

providing an increase in transmission signal power of each
corresponding mobile telephone transmitter in response to a decrease in a
corresponding mobile telephone power measurement with respect to said
first predetermined power level; and

providing an decrease in transmission signal power of each
corresponding mobile telephone transmitter in response to an increase in
a corresponding mobile telephone power measurement with respect to
said first predetermined power level.

38. The method of Claim 35 wherein said step of generating
power adjustment commands corresponding to deviations in
corresponding cell-site power measurements from a second
predetermined power level comprises the stepé of:

generating a power-up command in response to a decrease in a
corresponding cell-site power measurement from said second
predetermined power level; and

generating a power-down command in response to an increase in a
corresponding cell-site power measurement from said second
predetermined power level.

39. The method of Claim 38 wherein said step of adjusting
transmission signal power of each corresponding mobile telephone
transmitter in correspondence to said power adjustment commands
directed to said respective mobile telephone receiver comprises the steps

L




signal power in CDVA communi cation signals received hy.£ach. respective
‘nmobi | e tel ephone receiver, neasured signal power corrgg‘wwwﬁg%;gmgﬁhfof
al | contenporaneously recei ved CDMA communi cati on sifg i thinTas
predet erm ned frequency band. 43. The nethod of C gqi ﬁgpfp;;nﬁﬁ
conprising the step of generating a first power neagurerfeRt? & gnad
corresponding to said 41 neasuredﬁ%%gnal power i nnMnLQgiibn
signal s received by each respective ile tel ephong receiver. 44. The
met hod of Claim 43 wherein said step of varying tramstssien—signal_jpower
of each Qggresponding nobi |l e tel ephone transmtter in opposite
correspondence to variations in correspondi ng nobil e tel ephone power -
measur enent s WETRSEY &edile telephpne thRBittehFigad! iBVRESPPESRIO E36Pr i ses

the steppdber-up command; and
decreasing mobile telephone transmitter signal in response to each

power-down command.

40. The method of Claim 37 wherein said step of generating
power adjustment commands corresponding to deviations in
corresponding cell-site power measurements from a second
predetermined power level comprises the steps of:

generating a power-up command in response to a decrease in a
corresponding cell-site power measurement from said second
predetermined power level; and

generating a power-down command in response to an increase in a
corresponding cell-site power measurement from said second
predetermined power level.

41. The method of Claim 40 wherein said ste.p of adjusting
transmission signal power of each corresponding mobile telephone
transmitter in correspondence to said power adjustment commands
directed to said respective mobile telephone receiver comprises the steps
of: .

increasing mobile telephone transmitter signal in response to each
power-up command; and )

decreasing mobile telephone transmitter signal in response to each
power-down command.

42. The method of Claim 35 wherein in said step of measuring
signal power in CDMA communication signals received by each respective
mobile telephone receiver, measured signal power corresponds to a sum
of all contemporaneously received CDMA communication signals within
a predetermined frequency band.

43. The method of Claim 35 further comprising the step of
generating a first power measurement signal corresponding to said
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conparing said first power neasurenent signal wthra raterrY
signal, said first power |evel set signal correspohz\"ﬁ%ﬁ@é{"*‘a‘\”dé's
tel ephone transnitter power |evel; providing a conpafator output Si

~Leviel set
a

- mobi | e
nal

corresponding to a difference between said first power 2nedif 8fnt| sj gnal

and said

transmtter gain according to said co

first power |evel set signal; and varyingjnmpbile tel ephone

arator outpbt signal. 45 A jnethod

for controlling transm ssion signal p r in a cellular nobile tel ephone in
communi cations with at | east one cell-site station using code division

mul tiple

nmobile te
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recei ver, respactive mokiie telephboe mgeeigeat i ng and transnitting a COVA carri er
signal according to an assigned spreading function nodul ated by a nobile
user input information signal, said receiver for receiving CDVA

communi cat i on $%-gnalbeamethpdctofufilpimcéd sibgrein dsaidc etepedfChbrying
communi catrhAB8m5£184! %ig”r%loﬁv@'v?& g} @8ch corresponding mobile telephone

transmitter in opposite correspondence to variations in corresponding
mobile telephone power measurements with respect to a first
predetermined power level comprises the steps of:

comparing said first power measurement signal with a first power
level set signal, said first power level set signal corresponding to a desired
mobile telephone transmitter power level;

providing a comparator output signal corresponding to a difference
between said first power measurement signal and said first power level set
signal; and

varying mobile telephone transmitter gain according to said
comparator output signal.

45. A method for controlling transmission signal power in a
cellular mobile telephone in communications with at least one cell-site
station using code division multiple access (CDMA) spread spectrum
communication signals, said cellular mobile telephone having an antenna
coupled to a transmitter and a receiver, said transmitter for generating and
transmitting a CDMA carrier signal according to an assigned spreading
function modulated by a mobile user input information signal, said
receiver for receiving CDMA communication signals' and spectrum
processing said received CDMA communication signals according to an
assigned spreading function so as to recover a mobile user output
information signal intended for a user of said cellular mobile telephone,
said cell-site station communicating power control commands in CDMA
communication signals intended for said cellular mobile telephone with
said receiver processing said received power control commands and
providing an output of said power control commands, said method
comprising the steps of:

measuring combined signal power in contempdraneously received
CDMA communication signals;
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assigned spreading function so as to recover a nobile user output

. information signal intended for a user of said cell prar—obit- -
said cell-site station communicating power control pdibPhAGSHERT CDVA

conmmruni cation signals intended for said cellular nopifetetephone-with said
recei ver processing said received power control confrand$ @rekprmyg di ng an
out put of said power control conmands, said method fofprising the gteps of
measuri ng conbi ned signal power in codfenporaneously

comuni cati on signals; 42 varying transmtter sipnal power in opposite
correspondence _to.varjations in.neasured signal power U redet er m ned
power |evel; aﬁﬁry\}ﬂgy%rﬁﬂswgﬁgrﬁlgf‘gf PQi"b?faI“gp‘?}?/%&lf% Cegﬁﬁggﬂaﬁg‘éﬁc@ to

recei ved variations in measured signal power about a predetermined power level;

and
varying transmitter signal power in correspondence to received
power adjustment commands.

46. The method of Claim 45 wherein said step of varying
transmitter signal power in opposite correspondence to variations in
measured signal power about a predetermined power level comprises the
steps of:

increasing transmitter signal power in response to decreases in
measured signal power with respect to said predetermined power level;
and

decreasing transmitter signal power in response to increases in
measured signal power with respect to said predetermined power level.

47. The method of Claim 46 wherein increases. in transmitter
signal power are at a rate less than decreases in transmitter signal power.

48. The method of Claim 45 wherein said cell-site station
measures signal power of said cellular mobile telephone transmitted
CDMA communication signals and generates for transmission said power
adjustment commands indicative of one of an increase and a decrease in
said cellular mobile telephone signal power so as to maintain a
predetermined power level for cell-site station received CDMA
communication signals from said cellular mobile telephone.

45. The apparatus of Claim 45 wherein said step of measuring
combined signal power in contemporaneously received CDMA
communication signals further comprises the step of generating a
measurement signal indicative of measured signal power, and wherein
said step of varying transmitter signal power in opposite correspondence
to variations in measured signal power about a predetermined power
level comprises the steps of:

generating a first power level set signal corresponding to a desired

R R D P




power adjustnment commands. 46. The nethod of O aim45 wherein said step of
varying transmtter signal power in opposite corrg&ondenee--ta yariations
i n measured signal power about a predeterm ned po F}ﬂéﬁeﬁ’tﬁ@mgﬁe§ t he

o

steps of: increasing transmtter signal power in fegp t-o~decreases in
measured signal power with respect to said predetgrii pegl mveg?qj ; and
decreasing transmtter signal power in response tp fncreases ¢ asur ed

signal power with respect to said predeterm ned power" :
met hod of Cl aim 46 wherein increases g transmttjer signal power are at a
rate | ess than decreases in transmtter signal power. 48 Fe—He
Claim45 wherein said cell-site station neasures signal power of said.
cel | ul ar calbilae rhebitpheinphonatsansmi¢tr GRdker develni cati on si gnal s and

o1 an i nor ease O e R oL I0F POURE ACAHRHIRhe SRR b B R "
power so pewes lewélrsehisigral;
providing a comparator output signal corresponding to a difference
between said desired cellular mobile telephone transmitter power level
and said measured signal power;
limiting a rate of change in variations in said comparator output
signal;
providing a corresponding limited comparator output signal; and
varying signal power of said transmitter in response to said limited
comparator output signal. '

50. The apparatus of Claim 49 wherein said step of varying
transmitter signal power in correspondence to received power adjustment
commands comprises the steps of: _

accumulating said processed power adjustment commands with a
predetermined gain control level setting;

providing a power adjustment signal corresponding to said
accumnulation of said processed power adjustment commands with said
predetermined gain control level setting; and’

varying signal power of said transmitter in response to said power
adjustment signal.
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predeterm ned power |evel for cell-site station receive
'signals fromsaid cellular nobile tel ephone. 49. The|a
wherein said step of measuring conbi ned signa
recei ved CDMA communi cation signals further conprises t'ezsﬁegggﬁwg? ]
generating a neasurenent signal indicative of neasure i gnal powet’,
wherein said step of varying transrd t44er- si gnal power
correspondence to variations in neasured signal power
conprises the steps of: generating a first power TE&Ve

power | evel

par at-hENGT St
power ifn [cont&npor-aneausly

i N OppOST e~
out a predeter

tion

45

i ned

si gnal corr S§RHGN ndNDo APPARATES FORCeCONTROLLING | SRANSUIISSTONt r ansmi tter
power | evel ;PQEHHEN g COMAJ CELLYLABOMEBIRE JTEREPHONE SSYFEBM with said first
power |evel set signal; providing a conparator output signal corresponding
to a difference '

ABSTRACT

A power control system for a cellular mobile
telephone system in which system users communicate
information signals between one another via at least
one cell-gite using code division multiple access
spread spectrum communication signals. The power
control system controls transmission signal power for
each cellular mobile telephone system wherein each
cellular mobile telephone has an antenna (70), a
transmitter (84), and a receiver (72, 74) and each
cell-site also has an antenna (52), a transmitter
(62), and a receiver (54, 56). Cell-site transmitted

signal power is measured as received at the mobile

unit. Transmitted power at the mobile unit is,

adjusted by transmit power control units (76, 80) in
an opposite manner with respect to increases and
decreases in received signal power. A power control
feedback scheme may also by utilized. At the cell-
site comunivcating with the mobile unit, the mobile
unit transmitted power is measured by the received
power measurement unit (60) at the cell-site. A
command signal is generated at the cell-site and
transmitter power corresponding to deviations in the
cell-sgite received signal power. The feedback scheme
ig used to further adjust the mobile unit transmitter
power so that mobile unit transmitter signals arrive
at the cell-site at a desired power level.

FIGURE 3 AND 4



bet ween sai d desired cellular nobile tel ephone transmtt.g&.power.l.evel..
'sai d nmeasured signal power; limting a rate of change irf wasia
conmparator output signal; providing a corresponding |im tec[ )
out put signal; and varying signal power of said transm {ter ;;n ;e§g psezt
said imted conparator output signal. 50. The apparat §is jof Bl armidy | i
wherein said step of varying transm-tfler signal power i d-ou-espond&ncg,:té
recei ved power adjustment commands conprises the steps .pf: accunul ating i
sai d processed power adjustnent commands with a predete i W a)
| evel setting; providing a power adjustnment signal corresponding to sai d

accunul ati on of said processed power adjustnment conmands with said :
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In using a closed loop control process it is highly desirable for the
command to arrive at the mobile unit before conditions change
significantly. The present invention provides a novel and unique power
control circuitry at the cell-site for minimizing delay and latency of
measurement and transmission. The power control circuitry at the
mobile unit, analog control and digital command response, provides a
vastly improved power control process in the cellular mobile telephone
system.

The previous description of the preferred embodiments are
provided to enable any person skilled in the art to make or use the present
invention. -Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principals defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be
limited to the embodiments shown herein, but is to be accorded the widest
scope consistent with the principals and novel features disclosed herein.
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