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(54) Title:
MOBILE TELEPHONE SYSTEM

(57) Abstract

A power contro} system for a cellular mobile telephone
system in which system users communicate information sig-
nals between one another via at least one cell-site using code
division multiple access spread spectrum communication sig-
nals. The power control system controls transmission signal
power for each cellular mobile telephone (16; 18) in the cellu-
lar mobile telephone system wherein each cellular mobile
telephone (16, 18) has an antenna, transmitter and receiver
and each cell-site (12, 14) also has an antenna, transmitter
and receiver. Cell-site transmitted signal power is measured
as received at the mobile unit. Transmitter power is adjusted
at the mobile unit in an opposite manner with respect to in-
creases and decreases in received signal power. A power con-
trol feedback scheme may also be utilized. At the cell-site
communicating with the mobile unit, the mobile unit trans.
mitted power is measured as received at the cell-site. A com-
mand signal is generated at the cell-site and transmitted to
the mobile unit for further adjusting mobile unit transmitter

‘power corresponding to deviations-in the cell-site received

signal power. The feedback scheme is used to further adjust
the mobile unit transmitter power corresponding to devia-
tions in the cell-site received signal power. The feedback
scheme is used to further adjust the mobile unit transmitter
power so that mobile unit transmitted signals arrive at the
cell-site at a desired power level. In a cell diversity sitvation,
the mobile units transmitter power is adjusted to prevent un-
necessary increases in mobile unit transmitter power level,
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present application relates communication systems. More
specifically, 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 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
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
USS. 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 télephone system users each
having a transceiver communicate through 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 system,
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30 b jons (also known as cell-sites stations, o t
cel l -swczg?}zgijﬁng code division nultiple access (CDWVA) sp}),rcéz s?ggé:ltlsr]um

comuni cation signals. In using COMA comruni cations, the frequency spectrum
can be reused nultiple tines thus permtting an increase in system user
capacity. The use of CDVA results in a nuch higher spectral efficiency than
can be 3 5 achieved using other multipl @ access techniques. In a CDVA
system 2 increases in systemcapacity nay be realized by controlling
the transmi t tincreasewin syfstemaapatity ayuberealizedsby comteolling thet wahamittere to

other syst €M SWEr of each mobile user so as to reduce interference to other system
users.

In the satellite application of the CDMA communication

5 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

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 sensitivity.

15 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

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 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

35 stations systems are the relative distances separating the mobile units and
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In the satellite application of the COMA comunication 5 techniques, the
nmobi | e WMPB2421¥¢scei ver measures the power |evel of a sigrRIT/US®I0E via a
satellite repeater. Using this power neasurenent, along with know edge of
the satellite transponder downlink transmt power |evel and the sensitivity
of the nobile unit receiver, the nobile unit transceiver can estimte the
path | oss of the channel between the 10 3mwbile unit and the satellite.
The nobile unit transceiver then determ nes the appropriate transm' tter
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5 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
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

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
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.
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satellite channel where Rician fading is the dominant fading characteristic.

The Rayleigh fading characteristics in the terrestrial channel signal
is caused by the signal being reflected from many different features of the
physical environment. As a result, a signal arrives almost simultaneously
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 frequency 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 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
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
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rea he transmt power |level so as to maintain
IeveI J93§%é§ control feegback fromthe Hub is general IW?“?P@W due
to round trip delays through the satellite requiring approximately 1/2 of a
second of propagation tinme. One inportant difference between satellite or
terrestrial base 3 5 stations systens are the relative di stances
separating the nobile units and 3 the fatellite or cell-site. Another
i mportant different in the satellite versus the terrestrial systemis the

type of fadi ndntepfereR@Cibin tite tﬂaﬁgﬁl&é}aﬁﬂgltﬁe rébaiger.t hese differences
require various retILhrée“rlrs%néts chfperent freggérg)ca}lrcganfs has significant implications in
the power control of the cell-site and mobile unit transmitters. Use of
different frequency bands causes the multipath fading to be independent
5 processes for the inbound and outbound channels. A mobile unit cannot
simply measure the outbound channel path loss and assume that the
same path loss is present on the inbound channel. One technique related
to the present invention for controlling transmitter power in the
terrestrial environment is disclosed in U.S. Patent No. 5,056,109 issued

10  October 8, 1991 entitted "METHOD AND SYSTEM FOR PROVIDING A
SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR
TELEPHONE SYSTEM", the disclosure of which is incorporated by
reference.

Furthermore, in the terrestrial cellular mobile telephone the mobile

15 phone is capable of communications through multiple cell-sites as
disclosed in U.S. Patent No. 5,101,501 issued March 31, 1992, entitled
"METHOD AND SYSTEM FOR PROVIDING A SOFT HANDOFF IN
COMMUNICATIONS IN A CDMA CELLULAR TELEPHONE SYSTEM",
the disclosure of which is incorporated by reference. In communications

20 with multiple cell-sites the mobile unit and cell-sites include a multiple
receiver scheme as disclosed in the just mentioned patent and further
detailed in U.S. Patent No. 5,109,390 issued April 28, 1992, entitled
"DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM",
the disclosure of which is also incorporated by reference.

25 In the cell diversity environment in which the mobile phone is
communicating with another user through multiple cell-sites, mobile
phone transmitter power must also be controlled so as to avoid adverse:
interference with other communications in all"cells.

It is therefore, an object of the present invention to provide a novel

30 and improved method and apparatus for controlling transmitter power in
the terrestrial channel in a cell diversity environment so as to overcome
deleterious fading without causing unnecessary system interference which
can adversely affect overall system capacity.
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system trol for the terrestrial system 5

sgt el | |%\Aﬁ%ﬁ$g unit channel, i.e. the sa%/el lite channel Pckﬂ‘éggts}g({“éﬂ ite
repeaters are nornmally located in a geosynchronous earth orbit. As such,
the nobile units are all at approximately the same distance fromthe
satellite repeaters and therefore experience nearly the sanme propagation

| oss. Furthernore, the satellite channel has a propagation 10 | oss
characteristic that foll ows approximately the inverse square law, i.e. the

propagation | oss is inver sSIYMNVRARY ORFAHBPINMENTJION of the distance

between the nobile unit and the satellite repeater in use. Accordingly, in
the satellite channel the variation in path |oss due to distance variation
i's typically on thénck defresirianGPM% cedlular mobile telephone systern.o it He

satellite Cha'ﬂl@@i‘rablbhﬁai ﬁfer ©ahdrhitter PWéCotite! m@Bﬁé‘ Rkt Ue &nﬁdl&d SO as
terrestri channe di stance between the, |
to produce at the cell site receiver a nominal recelve&‘| 51gna1 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
10 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

15 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.,

20  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

25 interference ratio from a negative value to a positive value thus allowing
operation within an acceptable bit-error-rate.

In a terrestrial CDMA cellular mobile telephone system it is
extremely desirable to maximize the capacity in terms of the number of
simultaneous telephone calls that may be handled in a given system

30 bandwidth. System capacity can be maximized if the transmitter power of
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-

35 error-rate may be too high to permit high quality communications. On
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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 prppagation |oss characteristic
corresponds to an inverse fourt.h-power law, i.e. the path loss is
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consi sts of a direct one
sumred with a gnalaacteas é@eééﬁ%tﬁ?eﬁﬁ’t Oa‘ﬁ\‘ii’ﬁﬁ ile unit transmitted signals
5  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

10 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

15 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 fadihg is an independent phenomena for the

20 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

25 in a cellular mobile. telephone system is implemented. In such a system
all the cell-sites in a region transmit a “pilot” signal of the same frequency
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

30 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

35 transmitted signals, as received at the mobile unit, are measured. The
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30 Rayl ei gh fading statistics. The power ratio between the direct and
refl ect W Yd#8hent is typically on the order of 6-10 dB, PEEAEII6Lpon
the characteristics of the nobile unit antenna and the environnment about
the nobile unit. 4 Contrasting the satellite channel with the
terrestrial channel, the terrestrial channel experiences signal fading that
typically consists of t he Rayl ei gh faded gonponent w thout a direct
component. Thus, the terrestrial channel presents a nore severe fading

environnent {hapbhgnf i, 3akehlided SRApRS sHRS] Hoe 80 rbadlbd shom B

om nant fadin aracterrstic. :
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

5 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 may be filtered using a
non-linear filter. The purpose of the non-linearity in the estimation

10 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.

15 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

20 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

25 place on the order of a few tens of milliseconds. As the mobile unit drives
out of the shadow, the outbound link signal as received by the mobile unit
will suddenly increase in strength.

The outbound link path loss estimate af the mobile unit is used by
the mobile unit to adjust the mobile unit transmitter power. Thus, the

30 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 stro'ng' signal means that a relatively
smaller mobile unit transmitter power level is required in nominal

35 received power at the cell-site the mobile unit.
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The Rayl eigh fading characteristics in the terrestrial channel signal is

cause signal being reflected frommany differe of the
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physi ronment. As a result, a signal arrives al nost sSimultaneously
at a nobile unit receiver frommany directions with different 10

transm ssi on del ays. At the UHF frequency bands usually enpl oyed for nobile
radi o communi-cations, including those of cellular nobile tel ephone systens,
significant phase differences in si gnal% traveling on different paths may
occur. The possibility for destructive summation of the signals may result,
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phase for eagRsp@itbr pbwer is BResiFBd ! ¥ a8 to! PPohibit an unnecessarily rapid
5 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

10 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

15 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

20 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

25 undesirable because the possibility of sudden improvements and fades
that affect the inbound and outbound channels equally. If the response to
a sudden improvement were to be slowed down by a filter, then there
would be frequent occasions when the mobile unit transmitter power
would be quite excessive and cause interference to all other mobile users.

30 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

35 (receive antenna gain G divided by receiver noise level T) the mobile unit
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probl em of fading. The terrestrial cellular nobile tel ephone system
typical ly requinteana gaih) -addptiee ralmbaeloft callse aptivei atedhisn celi-déte. t oTHek! ow

uch as pr ovi BBy oi MeRGoRY AAICERE, bRdestor fo Hiflel Eipute 16!

ful | -dupl ex ragfereniganpetegoleviet four tixe | lpcal powlen septingi fugnatien.f r hiency

pand for the ge%g&t%giboﬂ dohe by EARURMHR @R@%eﬁr QUbe! &° nfdtile HinkCpower

5  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

10 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

15 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

20 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 one or more cell-sites. Each cell-site receiver

25 measures the strength of the signal, as received at the cell-site, from each
mobile unit to which the cell-site is in communication with. The
measured signal strength is compared to a desired signal strength level for
that particular mobile unit. A power adjustifient command is generated
and sent to the mobile unit in the outbound link data, or voice channel,

30 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, nominally 1 dB. In
the cell diversity situation, power adjustment commands are provided
from both cell sites. The mobile unit acts upon these multiple cell-site

35 provided power control commands, so as to avoid mobile unit transmitter
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receive I.tferent frequency band is utilized for thegj R‘?ﬁi LNk,
I.e. trg@s%ﬁé&%ns fromthe nobile unit transmtters to tﬁg?ce _%51?2
receivers. According, this frequency band separation allows a nobile unit 3
5 transmitter and receiver to be active simultaneously w thout feedback
or 5 interference fromthe transmtter into the receiver. The use of

different frequency bands has significantllinplications in the power control
of the cell-site and nobile unit transmtters. Use of different frequency

bands causes theverlieévelat tha‘taeh atdwebeelynﬁhemfaienmm othepcefsbile fugiitt he

| nbound and oWthound; CRANNG; e celfl-sfesuryntd gle prov1de sufficient power to
support communications between the mobile unit and at least one
cell-site.

5 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

10 outbound link path Rayleigh fading impressed on the inbound link path
signal to be tracked. One command per 1.25 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

15 transmission thereof be minimized so that channel conditions will not
change significantly before the mobile unit receives and responds to the
signal.

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

20 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

25 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

30 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
and corrected by the error correction as decoded in the mobile unit
receiver. Error correction coding on the power adjustment command bits

35 in many cases may not be desirable because of the resulting increased
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sinmply asure fhe outbound channel path |oss and assune tha same path
| oss i SYPP2&314%° on the i nbound channel . One techni que reI%ﬂ%bﬁ%&W&

present invention for controlling transmtter power in the terrestrial
environment is disclosed in U S Patent No. 5,056,109 issued 10 Cctober 8,
1991 entitled "METHOD AND SYSTEM FOR PROVI DI NG A SOFT HANDOFF I N

COVMUNI CATI ONS | N A CDVA CELLULAR TELEPHINNE SYSTEM', the discl osure of
which is incorporated by reference. Furthernore, in the terrestrial

cel I ul ar nobijh@ncpliRRE&Y 'ohhﬁldﬂi&?bﬂselﬁ) tHpoR et SdRABABKE cOthnt@AURIgat | Ons
t hr ough rrultlagl e Cell-sites as disclosed No., 5, 101,501

osued March 450 engigioned, Thel Bt GEHAED ARLUBIERR PEHIGHSBIRGOA theeT
HANDOFF | N Cpdid adjtisahiont bon{dA\bitslhbl Afe isedRrHthdutSyrdifiting user
data channel symbols.

5 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

10 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

15 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 a2 small increase in inbound link power. Such

20 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

25 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

30 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
this mobile is increased, the quality may become unacceptable. An
example of such a location is a point where the path loss to one or two

35 neighboring cells is nearly the same as the path loss to the cell-site
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the disclosure of which is incorporated by reference. In comrunications 20
W th mWoO92d1%el | -sites the nobile unit and cell-sites |RET/MEE2A4H80 ti pl e
recei ver schene as disclosed in the just nmentioned patent and further
detailed in U S. Patent No. 5,109,390 issued April 28, 1992, entitled

"DI VERSI TY RECEI VER IN A CDVA CELLULAR TELEPHONE SYSTEM', the discl osure of
which is also incorporated by reference. 125 In the cell diversity
environnment in which the nobile phone is conmunicating with another user

through ”“'“d%?m%‘i‘ﬁéétﬁ{%%gh% 'rﬁo@ﬁ&'\?m{t.r a'Iﬁ”&%chr RO oA Phe & fal be
controlled so as_to avold adverse interference w & her” corfmini cattons in
all cells. |tintesferpaeemendd beninsrgased byf thuee times over the imterference seenvi de a

novel 30 andyy {HY A¥sfle fiﬁﬁdﬁﬂda gpﬁxt%m{fv@wélgééio fORENAite] T8 ddBASH) fHeC"

power in the terrestrial chann a ce lversity .envirgnment so as to

over come interference coming from 'these neighboring ceEl-sites will not fade in
5 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

10 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,

15 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

20 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
undt transmits a request for a reduction in power.

The cell-site receives the power adjustment requests from each

25 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, typically on the order of 0.5 - 1 dB,
or around 12% more or less. Corresporidingly the other cell-site
transmitted signals are reduced by a factor of the increase divided by n,

30 where n is the number of other channel units communicating to a maobile
telephone. Typically the decrease in power may be on the order of 0.05 dB.
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
second. The dynamic range of the adjustment would also be limited to 4

35 dB less than nominal to about 6 dB greater than nominal. It should be

i
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del eteri wi t hout causing unnecessary systeminterference which
can adve(&g@lg%&g* gct overal | system capacity. 6 SUMVARY PGT/HER2/PAMIENT ON
In a terrestrial CDVA cellular nobile tel ephone system it is desirable
that the transmtter povver of the nobile units be controlled so as 5 to
produce at the cell site receiver a nom nal received signal power from each
and every nobile unit transmtter operatindw thin the cell. Should all of
the nobile unit transmitters within an area of coverage of the cell- site

have transm tt ainders@odCRiR peviee dndfeagé Hrith décidiSe 1N ate F0R!plPMREs of
example and that other levels may be readily selected depending on
system parameters.

The cell-site must also consider the power demands being made on
5 it by all the mobiles in deciding whether to comply with the requests of
any particular mobile. For example, if the cell-site is loaded to capacity,
requests for additional power might be granted but only by 6% or less,
instead of the normal 12%. In this regime, a request for a reduction in

power would still be granted at the normal 12% change.

10
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
15 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
20 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;
25 Figure 5 is a block diagram illustrating in further detail the power
control features of the mobile unit of Figure 4;
Figure 6 is a block diagram illustrating in further detail the power
control features of the cell-site of Figure 3; and
Figure 7 is a block diagram of a cell-site/system controller
30 configuration for cell-site transmitter power control.
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reeei veQygloafigegel | -site woul d be equal to the nom nal reqeiygs2/peger of
10 the mobile unit transmtted signal nultiplied 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 Oﬂirate by converting a w deband
CDMVA signal froma correspondi ng one of t 15 nobile unit transmtters
into a narrowband digital information carryi ng signal. At the sane tineg,

ot her received CDVA S|Eqral S_that_are not selected renmi n_as w deband noi se

signals. The bit-err YETAIBER DESGREBTEONHIFCEHE PREFERREL:r is thus

determ ned by the ratio of the pove NFP DPIMENTSd signal to that of the
undesired signals received at the ce site, 1.e., 20 the received signal

power in the desired signal transmttedﬁgi/ the sel ected nobile unit
transmtter to thatAnfexemplamyctersestrialiggHularpmabileitelephdogisystém in which

5 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

10 techniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1, system controller and switch 10, typically includes
appropriate interface and processing hardware for providing system
control information to the cell-sites. Controller 10 controls the routing of

15 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

20 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

25 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.

30 Cell-sites 12 and 14 are in the typical case are terrestrial base stations
which define cell service areas, however it should be understood that
earth orbit relay satellites, such as satellites 13 and 15, may be used to
provide more complete cellular coverage, particularly for remote areas. In
the satellite case, signals are relayed between the mobile users and the
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signal s t(5 % ed by the other nobile unit transmtters. The bandw dth
reduct i ¥ 3? sing, a correlation process which results RGT/HR82/04161
commonly cal l ed "processing gain", increases the signal to noise 25
interference ratio froma negative value to a positive value thus allow ng
operation within an acceptable bit-error-rate. In a terrestrial CDVA
cellular nobile tel ephone systemit is extd6enely desirable to maxim ze the
capacity in terms of the nunber of sinultaneous tel ephone calls that nay be

handled in a qeﬁegtrﬁyshwstaaonbaaﬁ ﬂtélm%ﬁaeéa&qsa%m &me?ﬁes&m' ' ;ed | f
the transmtter each e is,controlled such that
transmitted S|c§ﬁ rsteglétE gpe s 8 RO eélth@ 3bli {8 compHBication t‘”@ﬁﬁnal
to noise interaf moblieeumahnd orie chirdrk dase amﬁahh&rldbﬁpiermwﬂ_erd bna
stlo\glj\gfl I te\rlglnsrﬁg%%gml%ysggelﬂg%br M%F‘tﬁéren ikl he cell-site receiver at a
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 totdl 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

10 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

15  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.

20 Each of mobile units 16 and 18 uses the resultant measurement,
together with knowledge of the cell-site transmitter power and the mobile
unit antenna gain to estimate the path loss to the closest cell-site. The
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

25 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.

30 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

35 mobile unit transmitter power. The minimization of the mobile unit
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35 errqaf y be too high to permt high quality co | | On
7 the osﬁglﬁiﬁﬁ@aif the nobile unit transmtted signal igwlggé%lﬁv@” evel
that is too high when received at the cell-site receiver, communication
with this particular nmobile unit will be acceptable. However, this high
power signal acts as interference to other nobile unit transmtted signals

5 that are sharing the sanme channel, i.87 bandwidth. This interference
may adversely affect comrunications with other nobile units unless the

total nunber ofranomimied pawerdsiitpdrearitnint 8 COMAdYsRth bébeugeabdrh afsbikf
signals | " the i 2 iaRsYerRA0 tgfe\}er}fr §lerindbile 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
5 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

10. 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,

15 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

20 these multiple paths in random phase and amplitude, resulting in the
characteristic Rayleigh fading. Curve 32, as illustrated in Figure 24,
represents the variation in signal path loss as a result of Rayleigh fading.
The Rayleigh fading is typically independent for the two directions of the
cell-site/mobile unit communication link, i.e. outbound and inbound

25 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,
curve 34 represents the desired average transmit power corresponding to

30 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

35 transmitter power can result in deleterious effects in overall system
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nobi | e tel ephone channel can be characterized by two separate 10
phenomerO 90&%e path | oss and fading. The average path PEEUSIZP4pe
described statistically by a | og-normal distribution whose nean is
proportional to the inverse fourth- power of the path distance, and whose
standard deviation is approximately equal to 8 dB. The second phenonena is
a fadi ng process caused by nultipath propagati on of the 15 si gnal s whi ch
is characterized by a Rayl ei gh distribution. The average path Ioss whi ch

is a | og-nor ti ' ' t he
i nboundgand ga# ﬁ%} #‘?éleqt}g{r%gda afngfsle, ﬁg%'%l&ﬁjEi '{lﬁrét%lc‘)’trllg\}g | ona ?Ioattf{]
nobi | e tel ephomeh rofdineap \fatesto- @@Gﬁin@peﬁm@wévexmmyn&am mo;naseadl ng
is an Independﬁﬂ&raﬁaﬁﬁaﬁgﬁﬁ&r m?tr%emorhnlawp@t%m 191%Rﬁﬁﬂdaﬂsb tilizes

P, 2 lrd T o o e s i e
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

10  unit received signal strength of curve 30 of Figure 2A. Curve 38 illustrates
the transmitter power utilizing the optional 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

15 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

20 adjustment feedback process to be easier to implement and to be more
effective at a much lower control data rate. Transmit power, as indicated
by curve 38, is permitted to decrease at a much greater rate than an
increase.

As distance increases from the points marked D;-Dj, transmitter

25 power decreases rather quickly corresponding to a sudden improvement
in the channel. Between the distance points marked D5-D3 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.

30 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

35 improving. However, as the quality of the channel improves the
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In con e Rayleigh distribution varies relatively flunction
of posf"{’{)l% /2]? the present invention, a CDVA approach tog%u%ffla%logwuse

access 25 in a cellular nobile tel ephone systemis inplenmented. In such a
systemall the cell-sites in a region transmt a "pilot" signal of the same
frequency and code. The use of a pilot signal in CDVA systens is well

known. In this particular application, tR2 pilot signal is used by the
mobil e units for initial synchronization of the nobile unit receiver. The

pi | ot S} gnal ﬂrs?ﬁhsﬂeﬁ ﬁbwew%@ﬁnmea Waﬁ@:eawl a‘trﬁwaﬂﬁximaﬁerram:mntﬂnd a
e o b bSO Sh e O AR aPSahed R Syl (oS
path | oss in siagadls transmtted fromthe cell-site to the nobile unit. In
order to make thi s 5.ghaln RBhRIdQRonfsy bEPGirdtlE BOMRMihECInClpWifd
5 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.

10 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

15 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

20 s therefore a signal of constant average received power level but still with
the Rayleigh fading of the inbound channel impressed thereupon.
Curve 42 represents the Rayleigh fading that occurs on the inbound signal.
In the terrestrial channel a high speed power control process is utilized in
the present invention to compensate for the Rayleigh fading. In the

25 satellite repeater situation the speed at which the open loop control
operates is slowed down.

Additionally, there is the possibility that the mobile unit may come
to rest at a place where the outbound link is n6t faded but yet the inbound
link is severely faded. Such a condition would disrupt communications

30 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

35 the mobxle unit transrrutted sxgnal power as received at the cell-site when
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35 woeemtided signals, as received at the nobil e uni PCTAUSI2ZABHASLI ed.
The 8 nobile unit thus neasures the pilot signal power as received from
the cell-site to which the nobile unit is comrunicating. The nobile unit

al so neasures the power level sumof all cell-cite transmtted signals as
received at the nobile unit. The power Ixgvel sum neasurenent as 5
described in further detail later herein, is necessary to handle cases in

th o e ToBbl oL A SERETA Pl T SuEH! FaBl b ' BRLC

out bound | i ninbaaird hndsoxﬂbbunﬂtcémrmglsbeAtldalnebedeen; imdigure 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.

5 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 or channel units for, extraction

10 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 50N. Thus the
output of receiver 54 is provided to a plurality of these modules including

15 module S50N.

Module 50N 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

20 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.

25 Received power measurement circuitry 60 measures the power
level in the received signal from mobile unit N. Received power
measurement circuitry 60 in response to the measured level of power
generates a power adjustment command which is input to transmit
modulator 62 for transmission to mobile unit N. As previously discussed,

30 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

35 measurement be less than the preset level, the power adjustment
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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 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 via transmit
power control circuitry 63 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
antenna 52 for transmission. Although not illustrated, transmit power
control circuitry may be disposed between sammer 66 and antenna 52.
This circuitry, under control of the cell-site processor, is responsive to
power adjustment command signals transmitted by the mobile unit which
are demodulated at the cell-site receiver and provided to the cell-site
control processor for coupling to the circuitry.

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. Typically antenna 70 is comprised of two
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when a npbile unit is noving through an area that is shadowed b | ar ge
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channel inprovenent, as a result of the vehicle novenent, can take 25

pl ace on the order of a fewtens of mlliseconds. As the nobile unit drives
out of the shadow, the outbound |ink signal as received by the nobile unit

wi || suddenly increase in strength. The oP2bound link path | oss estimte at
the nobile unit is used by the nobile unit to adjust the nobile unit
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5 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
10 circuitry 76 for controlling transmit power.

Digital data receiver system 74 is comprised of multiple digital data
receivers. One digital data receiver, receiver 74a is used to search for pilot
signals that are transmitted by each cell-site. These pilot signals may be
multipath signals of a same cell-site, pilot signals transmitted by different

15 cell-sites, or a combination of both. The different cell-site transmitted pilot
signals are each of a same spreading code but of at a different code phase
offset for identification of the particular cell-site. Receiver 74a provides to
control processor 78 signals indicative of the strongest pilot signals,
whether they be multipath signals of a single cell-site or from different

20 cell-sites. Control processor 78 uses the information provided from
receiver 74a in establishing and maintaining communication with the
cell-site or cell-site.

Digital data receiver system 74 is further comprised of digital data
receivers 74b and 74c. Although only two receivers are illustrated,

25 additional receivers.may be provided. Receivers 74a and 74b are used for
despreading and correlating the received signals addressed to mobile unit
N from one cell-site or from multiple cell-sites for cell diversity mode
communications. Receivers 74b and 74c are assigned to process different
multipath signals from the same cell-site, or signals from different

30 cell-sites when in a cell diversity mode. Under the control of control
processor 78, receivers 74b and 74c process the assigned signal intended for
the mobile user. Typically receivers 74b and 74c are assigned to process the
spread spectrum digital user data signal which correspond to the strongest
pilot signals identified by receiver 74a.
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3 5 regphysappwer at the cell-site the nobile unit. %ﬁuﬁgﬁ’ﬁﬁﬁﬁft .

where theré i's a tenporary but yet sudden degradation in the C
desirable that a much slower increase in nobile unit transmtter power be
permtted. This slowincrease in nobile unit transmtter power is desired

so as to prohibit an unnecessarily rapid 5 I ncrease in nobile unit
transmt power which increases the interf#tence to all other nobile units.
Thus a tenporary degradation in one nobile unit channel will be tolerated

in order to preventRexeileys bt and Bic prévidedbidemodilatedamser| data such as
digitized encoded speech to diversity combiner and decoder circuitry 75.
Circuitry 75 coherently combines the different signals from receivers 74b
and 74, whether they be multipath signals or cell diversity signal so as to
5 provide a single user data signal. Circuitry 75 also performs decoding and
error correction on the user data. The signal output from circuitry is
provided to digital baseband circuitry 82 for interface with the user.
Baseband circuitry 82 includes interface hardware for coupling receiver 74
and transmit modulator 82 to the user handset (not shown).

10 Receivers 74b and 74c also separate the digital user data from the
power adjustment commands generated by the cell-site(s) and transmitted
in the user data signals. The extracted power adjustment command data
bits are sent to control processor 78. Processor 78 analyzes the power
adjustment commands to so as to provide control over the mobile unit

15 transmitter power.

In the single cell situation when either one or more (multipath)
signals are the signals assigned to be processed by receivers 74b or/and 74c,
the power adjustment commands are recognized as originating from a
single cell-site. In this case, processor 78 is responsive to the power

20 adjustment command data bits generates a transmit power control
command that is provided to transmit power control circuitry 80. When
the power adjustment commands indicate that additional mobile unit
transmitter power is required, processor 78 provides a signal to transmit
power control circuitry 76 to increase transmitter power. Similarly, when

25 the power adjustment commands indicate that less mobile unit
transmitter power is required, processor 78 provides a signal to transmit
power control circuitry 76 to decrease transmitter power. However, in the
cell diversity situation additional factors must’be taken into consideration
by processor 78.

30 In the cell diversity situation, the power adjustment commands are
arriving from two different cell-sites. Mobile unit transmitter power as
measured at these different sites may be different, and therefore care must
be taken in controlling the mobile unit transmitter power to avoid
transmitting at a level that would adversely affect communications

35 between the cell-sites and other users. Since the cell-site power
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rate in response to the sudden decrease in signal power in signals received
at the nobile unit. The rate of increase of the nobile unit transmtter
transmt power nust generally be limted to the rate of a closed | oop power
adj ust nrent command transnitted fromthe &4l |-site, as 15 described bel ow,
can reduce the nobile unit transmtter transmt power. Using the cell-site
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5 adjustment commands to the mobile unit requesting additional power,
control processor operates in a logical AND function and generates a
power control signal to transmit power control circuitry 76 indicative of an
increase in transmitter power. In this example a request for a power
increase request corresponds to a logical "1" while a power decrease
10 request corresponds to a logical "0". Transmit power control circuitry 76 is
responsive to this type of power control signal so as to increase the
transmitter power. This situation may occur when the communication
path to both cell-sites is degraded for one or more reasons.
In the case when one cell-site requests an increase in transmitter
15 power but the other one requests a decrease, processor 78 again operates in

the above mentioned logical AND function to generate a power control

signal to transmit power control circuitry 76 indicative of an decrease in

transmitter power. Transmit power control circuitry 76 is responsive to

this type of power control signal so as to decrease the transmitter power.

20 This situation may occur when the communication path to one cell-site is
degraded while the communication path to the other cell-site becomes
improved.

In summary, mobile unit transmitter power is increased only when
all cell-sites in which the mobile unit is in communication with request

25 an increase in power, and is decreased when any one or more of these
cell-sites request a decrease in power. In this scheme, a mobile unit will
not transmit at a power level that would unnecessarily increase the level
of system interference for other users, but yet fnaintain a level that would
facilitate communication with at least one cell-site.

30 Further discussion on the function of receiver system 74 in
communications with multiple cell-sites is provided in previously
mentioned U.S. Patent No. 5,109,350. The function is also further
exemplified in previously mentioned U.S. Patent No. 5,101,501.

Processor 78 also provides a level set command to transmit power

35 control circuitry 76 for use in setting transmitter power level in the with
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separate the fast Rayleigh fading fromthe slow.fading due to distance and
terrain. A slowresponse in the nobile unit transmtter power control is 25
undesi rabl e because the possibility of sudden inprovenents and fades. that
affect the inbound and out bound channels egually. If the response to a
sudden i nprovenent were to be sl owed down a filter, thenthere would be
frequent occasions when the nobile unit transmtter power would be quite
excessive and d8sRectitet ther widekand pawer mensurement &omanalogrecaives e

present i nvent igiherCdetdils \Wir Hd ntePIRMoAbf rB&Qivér m%alﬁ’sl%ﬂft?@%ef kontrol

estimating the path | @ss. addition to neasur|ng.the received, signa

strength in t h&meEHHTY 6Lﬂ‘ﬂ4 304 i @raﬁ%%oa@i%rauieégaﬂbﬁfmg‘uﬁhs&%@? Witht he
nobi l e unit to rkfegendetd Fighte 5ite transmtter power and antenna gain

(EIRF), hescel sl tﬁatg t 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
assigned spreading code. The spread spectrum signals are output from
transmit modulator 84 to transmit power control circuitry 80. The signal

10 power is adjusted in accordance with the transmit power control
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

15 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.

20 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

25 which the rate of increase transmitter power is limited by an optional
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.

30 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

35 frequency components are removed from the signals.

This Sheet Has Been Replaced

HIHA




35 (r ' tenna gain G divided by receiver noise | he . mobi | e
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This information allows the nobile unit processor to properly conpute the
ref erence power |level for the | ocal power setting function. This
conputation is done by calculating the cell site to nobile |ink power 5
budget, solving for the path loss. This #ath loss estimate is then used in
the nobile cell-site |ink budget equation, solving for the nobile unit
transmt power redihe fiteterd sigrdls are aleput drbrmi filtat Metoelvaridbies gapdBi l ity
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output from amplifier 94 to an analog to digital (A/D) converter (not
shown) for digital signal processing operations on the signals. The output
S 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
coupled to a gain control input of amplifier 94. This gain control signal is
used to control the gain of the amplifier 94 so as to maintain a constant

10 average power level as output from amplifier 94 to the A/D converter.

AGC detector circuit 96 also provides an output to one input of
comparator 98. The other input of comparator 98 is 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

15 input signals are compared by comparator 98 with the comparison signal
provided to an optional 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

20 circuit. For example, the input to the circuit 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

25 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.

30 AGC detector circuit 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.
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corres the size of the cells. For exanple, a small [ need
ngt%é}ggﬂ?? with as high a power |evel m;s a |large ra%&?/s‘@éfq‘"m
However when the nobile unit is a certain distance froma | ow power cell,
it woul d recei ve a weaker signal than froma high power cell. The nobile
unit would respond with a higher transmt power than woul d be necessary for
the short range. Hence, the desirability &7 having each cell-site transmt
15 information as to its characteristics for power control. The cell-site
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5 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
power-up and power-down commands that are accumulated in the mobile
10  unit processor. The mobile unit control processor starts with the gain
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
15 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
20 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
25 (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
30 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.
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the nmobile unit at the time the nobile unit is installed in the vehicle. As
ment i ondO P2/@¥1%usly, nobile unit transmitter power is al PCTEERIB4162d by a
signal fromone or nore cell-sites. Each cell-site receiver 25 nmeasur es

the strength of the signal, as received at the cell-site, fromeach nobile
unit to which the cell-site is in communication with. The neasured signal

strength is conpared to a desired signal ggrength level for that particular
nmobil e unit. A power adjustment command is generat ed and sent to the nobile
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mobi | e unit i reellesiteess diusirated as dSgutee3.mdhi ]Fxgumﬁt atmahﬂmumtertrammtte&y a
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unit acts uporrelltsitecanalog irmeevctreand gell-site corresponding to mobile unit N
5 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.
10  The output of PN correlator 112 is provided to a fast Hadamard transform
digital filter 114 where the signal is filtered. The output of filter 114 is
provided to a user data decoder circuit 116 which provides user data to the
user digital baseband circuitry. Decoder 116 provides the largest transform
filter symbols to power averager circuit 118. Power averager circuit 118
15 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
20 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
25 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. T
If the received power at the cell-site is higher than that desired of
30 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 800 commands per second in the exemplary embodiment. At
35 one bit per command, the overhead of the power command is
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35  proyisdpdqeever control commands, so as to avoid nobiperiRiot/o4161
‘transmt er 11 power levels that may adversely interfere wth other
nobile unit comrunications with the cell-sites, and yet provide sufficient
power to support conmunications between the m)bi le unit and at | east one
cell-site. 5 The power adjustnment conmmand is transmtted by the
cell-site transmtter at a relatively higﬁ? rate, typically on the order of
about one conmand every mllisecond. The rate of transm ssion of the power

adj ust nent coinsigmificast cdmpared toehe bifrrate op erhigh qRalibye digital adicegsignal.

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

5 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

10 channel path losses that do not exist in the outbound channel.

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

15 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. '

As mentioned previously, it is also desirable to control the cell-site

20 transmission power in response to requests from the mobile unit.
Figure 7 illustrates the typical cell-site configuration in which multiple
modules 50A - 50Z are included. Modules 50A - 50Z are each identical in
construction with that of module S0N of Figure 3. In Figure 7, mobile unit
N is considered to be in communication with module S5ON for purposes of

25 illustration. :

Each of modules 50A - 50Z are coupled to system controller 10 as
was discussed with reference to Figure 1. Through the link to system
controller 10, each module 50A - 50Z demodulates and relays the mobile
unit power requests to system controller 10. System controller 10 in

30 response to a mobile unit request for an increase in module transmitter

' power may reduce all transmitter power for some or all other module
transmitters by a small increment. System controller 10 would transmit a
power control command to a cell-site, typically to the cell-site control
processor. The cell-site control processor in response thereto reduces
35 transmitter power of the cell-site other modules. The reduction in power
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the inbound link path to be tracked. It is further desirable for the 10

out boun¥WQ PHR1M4t h Rayl ei gh fading i npressed on the i nbouﬁﬁ"rwwlwﬁh
signal to be tracked. One command per 1.25 mllisecond is adequate to track
the fading processes for vehicle speeds in the range of 25-50 mles per
hour for 850 MHz band nobile communications. It is inmportant that the

| atency in determning the power adjustnm&® command and the 15

transm ssion thereof be mnimzed so that channel conditions will not :
change si gni f ip¢ apd 'oYhé}exanEiﬁiés ?EPéJhirﬁléM'é tanrlﬁgféa!@?nm od@ié he
signal. In sunmmar, Bg account tor the iIn enc e two Ie| .gh
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cell-site recey yers TRAs rneg% 1}1%@ "t5tat I’c?’a%gm% o | o%\;erreor}gc}:e cell‘site moguireo l?' e
5 ie. no change in the sum of the individual module transmitter power.
Referring back to Figure 3, module 50N transmits at 2 nominal
power level as discussed above. The power level is set by a command
from the cell-site control processor, with this command modified at the
cell-site control processor by a command from the system controller. The
10 command input to transmit power control circuitry 63 is used typically to
decrease transmitter power. Transmit power control circuitry 63 may be
configured as a variable gain amplifier as was discussed with reference to
Figure 5. |
Referring to Figure 4, at the mobile unit the quality of the received
15 data signal is measured in the form of data frame errors. From this
measurment the level of adequacy of the signal power is determined,
where execessive frame errors are an indication insufficient signal power.
Frame error information may be generated from the known error
correction circuitry such as through the normalization rate of a Viterbi
20 decoder or Cyclic Redundancy Check/Code (CRC), or a combination
thereof. Various other techniques that are well known in the art may be
used for indirectly or directly measuring signal power. Other techniques
include re-encoding the data and comparing with the originally
transmitted data for an indication of errors. It should further be
25 understood that the power of the data signal itself may be measured and
used as an indication of link quality.
The frame error information is provided to processor 78. Processor
78 in response to a frame error rate exceeding a predetermined threshold
level over a certain number of frames, such as 5 frames, generates a power
30 increase request message that is output to transmit modulator 84.
Transmit modulator 84 modulates the power request message for
transmission to the cell-site.
It should be understood that the system controller through the
cell-site modules may solicit a power level measurement at the mobile
35 units. Each mobile unit communicates its power level measurement to
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unit. The neasured signal strength is conpared to the desired signal
strengtWOM3f21iMat nobile unit and a power adjustnent conmfirid USS2/8aHd; at ed.
The power adjustment command is sent to the nobile unit in 25 the outbound
data or voice channel addressed to that nobile unit. This power adjustnent
command is conbined with the nobile unit one way estimate to obtain the
final value of the nobi | e uni-t transmitte3l power. The power adjustnent
command signal is transnitted,.- in an exenplary enbodi ment, by overwiting
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ggfagte ?relntn Egemﬂmm 3 &et % rxl'le‘tnoru%c ecfe\égztlptl%rnr Oof gﬁ)er rpercetflexprre]dC %%bgm%]ergtge a g wer

5 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

10 limited to the embodiments shown herein, but is to be accorded the widest
sc0pe consistent with the principals and novel features disclosed herein.
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| | ased
12 latency” I n reception and response to the power adjustnen /ggﬁggﬁgﬁ It is
al so envisioned that tine division multiplexing for transm ssion of the
power adjustnent conmand bits nmay be used w thout overwiting user_data
channel synbols. 5 The cell-site controller oy r e
used to determine the desired signal stredyth, as reaeumgmy@’mnmr
cell-site, for signals transmtted by each nobile units khe.desi gha

strength level values are provided to ERAYMS the cell-site receivers. The
desired signal strength value is used

35 in WY ARRS My not be desirabl e because of the reSlpcttrl

1. In a cellular mobile telephone system in which system users
2 communicate information signals between one another via multiple
cell-sites using code division multiple access (CDMA) spread spectrum
4 communication signals, a power control system for controlling
transmission signal power for each mobile telephone in said cellular
6 mobile telephone system, wherein each mobile telephone has an antenna,
transmitter and a receiver system and each cell-site has an antenna, at least
8 one transmitter and at least one receiver, said power control system
comprising:
10 first power measurement means, coupled to a mobile telephone
receiver system, for measuring signal power in CDMA communication
12  signals received by said mobile telephone receiver system;
first power adjustment means, coupled to a mobile telephone
14 transmitter and corresponding mobile telephone first power
measurement means, said first power adjustment means responsive to
16 decreases and increases in power measurements of said corresponding first
power measurement means with respect to a first predetermined power
18 level, for respectively increasing and decreasing transmission signal power
of said corresponding mobile telephone transmitter;
20 a plurality of second power measurement means, each coupled to a
respective cell-site receiver, for measuring signal power in each COMA
22 communication signal directed to said respective cell-site receiver from a
corresponding mobile telephone transmitter in communication
24 therewith;
a plurality of power adjustment command generator means, each
26 coupled to a respective cell-site transmitter-and corresponding second
power measurement means for, generating power adjustment commands
28 corresponding to deviations in power measurements of said
corresponding second power measurement means from a second
30 predetermined power level, said respective cell-site transmitter
transmitting said power adjustment commands, wherein said power
32 adjustment commands are indicative of a request for at an increase in
mobile telephone transmitter power when said second power
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for conparing with a neasured signal strength value for generatln the 10
power n‘gY ’2\‘3’(?@ command. A systemcontroller is utili zedPEd 'é%%ﬁ‘gﬂ Teach

cell-site processor as to the value of desired S|gnal Stren . The
nom nal power |evel can be adjusted up or down to ﬁﬂmj ﬁmEl ons in
t he average conditions of the cell. For exanple, ned in

an unusual ly 15 noi sy | ocati on or geogrdphic reglon n1ght be allowed to
use a hi gher than nor mal inbound power |evel. However, such a hi gher power

|l e eI forai t f
o et A5 SRR i o s B A NS LIRS
for by all owi ngnd Aadicatiye 9br é@qrﬁgseamsmhﬂel telaphwse transmitien RPWemkhedver .

Such 20 3@ Igveﬁaeﬁe%ananpwbpwhsa?ment InédsoHeas g ESWe? 14048V eD8aid
smal | er than t?eactonf twher fe‘r}glrggae given to the nobile Users comunicating
in the high po
38 second power adjustment means, coupled to said mobile telephone
receiver system and corresponding transmitter, said second power
40 adjustment means responsive to said power adjustment commands
directed to said respective mobile telephone receiver system, for
42 decreasing transmission signal power of said mobile telephone transmitter
when said power adjustment commands as as transmitted by at least one
44  of said cell-site and received at said mobile telephone receiver system is
indicative of a decrease in transmission signal power of said mobile
46 telephone transmitter and for increasing transmission signal power of said
mobile telephone transmitter when said transmitted power adjustment
48 commands as transmitted by all of said cell-sites and received at said
mobile telephone receiver system are indicative of an increase in

50 transmission signal power of said mobile telephone transmitter.

2.  The power control system of Claim 1 wherein said first power

2 measurement means power measurements correspond to a sum of all
contemporaneously received CDMA communication signals within a
4  predetermined frequency band, and said first power measurement means
is further for generating and providing a corresponding first power

6 measurement signal to said corresponding first power adjustment means.

3. The power control system of Claim 2 wherein said first power

2 adjustment means comprises:
comparator means for receiving said first power measurement
4 signal and a first power level set signal, said first power level set signal
corresponding to a desired mobile telephone transmitter power level, for
6 comparing said first power measurement signal with said first power level

set signal, and for providing a corresponding comparator output signal;
8 and
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noi se ea,ﬂgﬁmggnt cel |. It is further understood that th?gfﬁé%? gdg used by

processor may nonitor the average bit-error-rate: -Thi-s.da

the systemcontroller to cormmand the cell-site pr an 25
appropriate inbound |link power |evel to assure aciﬂmgm}am» Im
comuni cations. It is also desirable to provide a means I1ing the
rel ati ve power used in each data signal Hansni tted by the cell -site in
response to control information transmtted by each nobile unit. The

primary reason 30 vafiablepgeir dimplificatior aneans operativatyc etot bexd‘ act

the. nobi e unFOoiRy iké@?@%sﬁgﬁ%@%"%&s%@%&jLalen%%faﬁé SR erh”
transmtted tand rﬂesponszwhethesetmémxe&aeﬂngt trangmassion signabpowrer of saxd
unaccept alt% &c&%ﬁsmhg ﬁBbﬁ&?Qeﬁth&i’Hxﬂﬂu{tﬁr.a point where the path |oss

to one or

4. The power control system of Claim 1 wherein said cell-sites
2  are terrestrially located and define a corresponding service area.

5. The power control system of Claim 1 wherein said cell-sites
2 communicate with said mobile telephones through at least one earth orbit
relay satellites.

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

16 control commands, said apparatus comprising:”
measurement means for, operatively coupling to said receiver,
18 measuring combined signal power in contemporaneously received COMA
communication signals and providing a measurement signal indicative of

20 ' measured signal power;

adjustment means for, operatively coupling to said transmitter,
22 receiving said measurement signal, varying transmitter signal power in
' opposite correspondence to variations in measured signal power about a
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35 ne%@yﬁm cells is nearly the sane as the path IOS?’C‘I‘%U&%E??&I%III -site
the tota .

13 conmuni catfing with the nobile unit. In such a | ocation,
interference woul d be increased by three tines over the interference seen
by the nobile unit at a point relatively close to-+ts cetT=Site

=
addition, the interference conmng fromthese nei ghbommumu Hu ﬁ“*m |
not fade in 5 uni son with the desired s?isgnal as wo \ «1 O
interference conmng fromthe desired cell-site. This 8&i tbation may required
3 - 4 dB Z%4di predeterminpdapowentavel;@rakhi eve adequate performance. In
another situation, ,4ag; SR A&udBhbniMets 'fBF 2bPE WG SSYPHAL to said
26 receiver and transmitter, receiving said power adjustment commands,
decreasing transmitter signal power when at least one of said at least two
28  cell-site station transmitted power adjustment commands as received at
said receiver is indicative of a decrease in transmitter signal power, and for
30 increasing transmitter signal power when all of said at least two cell-site
transmitted power adjustment commands as received at said receiver are
32 indicative of an increase in transmitter signal power.

7.  The apparatus of Claim 6 wherein each of said at least two
2 cell-site stations measures signal power of said cellular mobile telephone
transmitted CDMA communication signals and generates for
4  transmission said power adjustment commands indicative of at least one
of an increase and a decrease in said cellular mobile telephone signal
6 power so -as to maintain a predetermined power level in CDMA
commaunication signals from said cellular mobile telephone received by at

8  least one of said at least two cell-site stations.

8. The apparatus of Claim 6 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 variable gain amplification means, operatively coupled to said
transmitter, for receiving said comparator output signal and responsive
10 thereto for varying signal power of said transmitter.

9. The apparatus of Claim 8 wherein said additional adjustment

2  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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strongwm¥/2ripet h signals arrive, resulting in larger thpgr/egerds140
interference. In such a situation, increasing the power_of_the desued
signal relative to the i nterference may al | ow accep

other times, the nobile unit nmay be | ocated where tﬂmﬂg ‘
interference ratio i s unusually good. \IA/@ such a cas Lceu -site coul d
transmt the desired signal using a lo ? than normal transmtter power,

reduci ng |nt%ference to ot hgr signals being transmtted by the system To
achi eve Phe 3HH¥EneM; ¥8naly@8d the preferred enbodi ment includes a

signal -to-interf ei@dl@x@nﬁ?@SﬂaBmegimcaﬁ%ﬂiﬂdaWanbﬁlm dpEeativbly eov.lz'ﬂeﬁ
receiver héﬂs ge surene erfo

desired 3ign éﬂr' HF e‘reFS’rVéﬂSeséﬂdpﬁ 3 n%b\ﬁg?‘eg :‘Igéﬁa

measur ed ratrespoﬁsﬂve&heﬂetcafbravaryﬁtgamgmm pedreimfmamd trhnsmdtberl e transm ts a
request to the cell-site for additional power in cell-site

10.  The power control system of Claim 6 wherein at least one of
2 said two cell-site stations are terrestrially located and define a
corresponding service area.

11.  The power control system of Claim 6 wherein at least one of
2 said two said cell-site stations communicate with said mobile telephone
through at least one earth orbit relay satellite.

12.  In a cellular mobile telephone system in which system users
2 communicate information signals between one another via at least one
cell-site using code division multiple access (CDMA) spread spectrum
4 communication signals, a method for controlling transmission signal
power of a mobile telephone in said cellular mobile telephone system,
6 wherein said mobile telephone has an antenna, transmitter and receiver,
and each cell-site has an antenna, at least one transmitter and at least one
8 receiver, and said mobile telephone communicates CDMA
communication signals with at least two of said cell-sites, said method
10 comprising the steps of:
measuring signal power in COMA communication signals received
12 by said mobile telephone receiver;
varying transmission signal power of each corresponding mobile
14 telephone transmitter in opposite correspondence to variations in
corresponding mobile telephone power measutements with respect to a
16 first predetermined power level;
measuring signal power in each CDMA communication signal
18 received at said at least two cell-site receivers as transmitted from said
mobile telephone transmitter;
20 generating power adjustment commands corresponding to
deviations in said at least two cell-site power measurements from a second
22 predetermined power level, wherein said power adjustment commands
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transm swo®g2115§ the ratio exceeds the predeterm ned val ugcffgsonmaiée unit
transmts a request for a reduction in power. The cell-site receives th

power adjustnent requests fromeach 25 nobile and réesponds—by—adj usting
the power allocated to the corresponding cell-si lﬂ'ﬂuﬁuﬁum"ﬁrumgnal b
predet er mi ned anount. The adj ustnent woul usual I cally

t he order of O.

5 -1 dB, or around 12% nor 7or less. Eort eshoridi figly t he

e

y a
on

other cell-site transmtted signals are reduced by a factor of the increase

di vi ded by n,
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10

power is above said second power level;

transmitting by said at least two cell-sites said respective power
adjustment commands along with said information signals to said mobile
telephone;

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

decreasing transmission signal power of said mobile telephone

transmitter when said power adjustment commands as as transmitted by

at least one of said at least two cell-site and received at said mobile
telephone receiver system is indicative of a decrease in transmission
signal power of said mobile telephone transmitter; and

for increasing transmission signal power of said mobile telephone
transmitter when said transmitted power adjustment commands as
transmitted by all of said at least two cell-site and received at said mobile
telephone receiver system are indicative of an increase in transmission
signal power of said mobile telephone transmitter.

13. The method of Claim 12 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 o

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

14.  The method of Claim 12 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
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35 dBy|,§93/ifgsn nom nal to about 6 dB greater than nom nedyp,sh2Rlfeil d be
14 understood the power increase and decrease |evels are for purposes of

exanpl e and that other levels may be readily sele dependi ng o system
paranmeters. The cell-site nmust al so consider the F ng nade

on 5 it by all the nobiles in deciding, whet her " the
requests of any particular nobile. For e:iaolrrpl e, if the cell-site is |oaded
to capacity, requests for additional power mght be granted but only by 6%
or less, #nstofaall gontemporaneausly2®rceivad tGDMA expinnenuracatinyu signaisowithin .

reduction in, predetermined frequency band.

15. The method of Claim 14 further comprising the step of
2 generating a first power measurement signal corresponding to said

measured signal power in CDMA communication signals received by said
4 mobile telephone receiver.

16. The method of Claim 15 wherein said step of varying
2 transmission signal power of said mobile telephone transmitter in
opposite correspondence to variations in corresponding mobile telephone
4 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.

17. A method for controlling transmission signal power in a

2 cellular mobile telephone in communications with at least two 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

6 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 from at least two of
said cell-site stations and spread spectrum processing said received CDMA

10 communication signals according to an assigned spreading function so as
to recover a mobile user output information signal intended for a user of

12 'said cellular mobile telephone, said from at least two of said cell-site
stations communicating power control commands in CDMA
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power would still be granted at the nornmal 12% change. 10 BRI EF DESCRI PTI ON
OF TWME BH#WPAGS The features and advantages of the preBERMUSRIHEI on will
becone nmore apparent fromthe detailed description set forth-bel ow when

taken 15 in conjunction with the draw ngs |n lnmmumu" ] nce
characters correspond throughout and wherein: '”mﬁematlc
overview of an exenplary nobile cellulgg tefl ephone syst®&ms Fi*gures 2A-2D
illustrate, in a series of graphs, nobile uhit received 20 signal strength

N e g L My R e
t he presentsalch\/rsﬁeluV@n processing saxd received power control commands and
16 providing an output of said power control commands, said method
comprising the steps of:
18 measuring combined signal power in contemporaneously received
CDMA communication signals;
20 varying transmitter signal power in opposite correspondence to
variations in measured signal power about a predetermined power level;
22 and
varying transmitter signal power in correspondence to received
24 power adjustment commands by, decreasing transmitter signal power
when at least one of said at least two cell-site station transmitted power
26 adjustment commands as received at said receiver is indicative of a
decrease in transmitter signal power, and increasing transmitter signal
28 power when all of said at least two cell-site transmitted power adjustment
commands as received at said receiver are indicative of an increase in
30 transmitter signal power..

18. The method of Claim 17 wherein said at least two cell-site
2 stations measures signal power of said cellular mobile telephone
transmitted CDMA communication signals and generates for
4 transmission said power adjustment commands indicative of one of an
increase and a decrease in said cellular mobile telephone signal power so
6 as to maintain a predetermined power level in CDMA communication
signals from said cellular mobile telephone received by at least one of said

8  atleast two cell-site stations.

19.  The apparatus of Claim 17 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: |
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Fi gur e woiga/a116¢ ock di agram of the nobile unit with part imt/msnmfwﬂence to

the power control features of the present invention; Fl gure 5 is
a block diagramillustrating in further detail tlheu atures
of the nmobile unit of Figure 4; Figure6isab|oc , ating in
further detail the power control feat ure of the cetl-xsi tLe o e 3; and
Figure 7 is.a block diagram of a cell- e/ system controller 30
configuratjon for cell-si teDg.r?nsm tter ower nﬁnt r ol 15 DETAI LED
DESCRI PTI OF THEBER&IgRRg@Iirst power level set signal corresponding to a desired
cellular mobile telephone transmitter power level;
10 comparing said first power measurement signal with said first
power level set signal;
12 providing a comparator output signal corresponding to a difference

between said desired cellular mobile telephone transmitter power level
14 and said measured signal power;
providing a corresponding limited comparator output signal; and
16 varying signal power of said transmitter in response to said limited
comparator output signal.

20. The apparatus of Claim 19 wherein said step of varying

2  transmitter signal power in correspondence to received power adjustment
commands comprises the steps of:

4 processing said power adjustment commands so as to provide a

power increase power adjustment command if contemporaneously

6 received power adjustment commands from all of said at least two cell-site

stations are indicative of an increase in transmitter signal power, and

8 provide a power decrease power adjustment command if

contemporaneously received power adjustment commands from at least

10 one of said at least two cell-site stations are indicative of an increase in

transmitter signal power;

12 accumulating said power increase and power decrease power
adjustment commands with respect to a predetermined gain control level
14  setting;

providing a power adjustment signal corresponding to said
16 accumulation of said processed power adjustment commands with said
predetermined gain control level setting; and -
18 varying signal power of said transmitter in response to said power
adjustment signal.

21. In a cellular mobile telephone system in which system users

2 communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple

4  access (CDMA) spread spectrum communication signals between said
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EMBCDI MEGI2Am196enpl ary terrestrial cellular nobile tel ephofsyyakesn i n
which 5 the present invention is enmbodied is illustrated in Fi gure 1. The

systemillustrated in Figure 1 utilizes CDVA m)du
comuni cati ons between the system nobil e user, bg‘ i %‘LEHEZL Cel | ul ar
systens in large cities may have hundreds ?f ceII- Vi ng

hundreds of .thousands of mobile telephone The use of CDMA 10 t echni ques
et b o CotRieRieL AR SAarin eBhomms: Senvih ndy SN hah bty of
syst em cont§ ol irydudes! fori dorhmithicd titbg O/aithymcrbiwdere ﬁé@ﬁhl aam Ic@llﬁ!éhxace
a0, Process! 1S IBUNBLELAL PN Shdy AR TGS mb B Y S L8 0P,
the public 85vm eadhednt edmptumieatien waith @PEIlRreara tiobile telephone, a power
. control system for adjusting cell-site module transmission signal power in
10 response to a power adjustment request from a mobile telephone, wherein
each mobile telephone has an antenna, transmitter and receiver and each
12 cell-site has an antenna, at least one transmitter and at least one receiver,
said pdwe_r control system comprising:
14 means for determining transmission signal quality, at a mobile
telephone for CDMA communication signals intended for said mobile
16 telephone as transmitted from a cell-site module, with respect to a desired
signal quality level, for generating a power adjustment request when said
18 determined transmission signal quality is below said desired signal quality
| level, and for communicating said power adjustment request to said
20 module;
‘means at said module for communicating said power adjustment
22 request to a system controller;
means at said system controller responsive to said power
24 adjustment request for generating and communicating a power
adjustment command to each module of said cell-site; -
26 means at each cell-site module for receiving said power adjustment
command, said cell-site module responsive thereto for increasing
28 transmission signal power in CDMA communication signals to said
mobile telephone by a predetermined increment, and each other cell-site
30 module responsive thereto for reducing transmission signal power in
CDMA communication signals as communicated therefrom to a
32 corresponding mobile telephone in commrunication therewith by a
predetermined increment.
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appr opr site for transm ssion to the appropri-ate | LE .
ngtrgd’@r&fgﬁg?so controls the routing of calls fromthepﬁ.ﬁj#gg/ﬁ‘ﬂpfs vi a
at least one cell-site to the PSTN. Contr ol O may direct calls betwe

nmobi | e users via the appropriate cell-site statlilwlé uﬁm,awtﬂ)t!ﬂbl l e unlts
20 do not typically comrunicate directly with roller 10
may be coupled to the cell-sites by vari otls neans such as de di cat ed

t el ephone lines, optical fiber links or by radio frequency conmunications.

In Figure 1, two eazrrpl The P&Wbr 8bAtesl s;iszemr@t @;ﬂamamrwmem shith caxgfte! ary
mobil e units 16 @;ﬁ Gons whi ch i nclude ce€l hones, are

i || ustrat efl. %1%818?-2 P?Wrr%?lmge}n §5n@~‘t¢}§ 935685 %6| e
gorm}ml Icat ion abbnka aBtm&maghldﬂxat txﬁ%déﬂegggnﬂmmi@:t\ lstgrltaﬂ B taﬂ@e&&ase
imlarly,,arrows arLows .26a- ective efin
possi bl e c%mrﬁﬂ?rfﬁqrgnlﬁ Pﬁ‘kgheo&r% % of CSAld 1m0 Fé‘?ﬁg" K‘? tE°Y§r
increase increment divided by n, where n is the number of other modules
6 in communication with a corresponding mobile telephone.

23. The pdwer control system of Claim 21 wherein upon
2 adjustment of said module and other module transmission power, the

sum of cell-site module transmission power remains substantially the
4 same.

24. The power control system of Claim 21 wherein said system

2  controller communicates a control message via at least one of said cell-site
modules to corresponding mobile telephones, each mobile telephone

4 means for determining transmission signal quality receiving said control
message and responsive thereto for generating a signal quality response

6 message and communicating said signal quality response message to each
corresponding module, said means at said module for communicating

8 also communicating said signal quality response message to said system
controller, said system controller responsive to received signal quality

10 response messages for generating and communicating a second power
adjustment command command to each module of said cell-site and

12 wherein said means at each cell-site module for receiving said power
adjustment command also receives said second power adjustment

14 command and is responsive thereto for adjusting transmission signal

power in CDMA communication signals to each mobile telephone by a
16 predetermined increment.
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and 16. l-spbtes 12 and 14 normally transmt using equapcppuédz/of81
o231 g PP

Cel | -si 14 are in the typidalzcase are terrestrial base stations
whi ch define cell service areas, however it should be understood that earth
orbit relay satellites, such as satellites 13 and 15, may be used to

provi de nore conplete cellular coverage, particularly for renote areas. In
the satellite case, signals are rel ayed between the nobile users and the
16 terrestrial base stations using satellites 13 and 15. As in the
terrestrial only case, the satellite case also provides the ability for
conmmuni cation between_a nobile unit and one or nore ba ' ]

nmul tipl e transpondd& sFBAM 10 Pritm YR

PSTN W~ /'0 CELL-SITES
SYSTEM
CONTROLLER
& SWITCH

24a
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t he sarrem;gh“*e or through different satellites. 5 Mobi | e unit
16 measures the total received powera-# n pilot signals tranfi@WU882/84161
cell-sites 12 and 14 upon path 20a d’ 26a. Sinilarl y, nmobile unit 18
nmeasures the total received power in pilot signal as transmtted by
cell-sites 12 and 14 upon paths 22a and 24a. In each of nobile units 16 and
18, pilot signal power is neasured in the receiver 10 where the signal is
a wi deband signal. Accordingly, this power nmeasurenent is rmade prior to
correlation of the received signal wth a pseudonoi se (PN) spectrum

spreadi ng signal. Wen nobile unit 16 is closer to cell-site 12, the
recei ved signal power will be dom nated by the signal traveling path 20a.
When nobile 15 unit 16 is nearer to cell-site 14, the received power will
be dom nated by the signal traveling on path 26a. Simlarly, when nobile
unit 18 is cl oser *

32

MOBILE
UNIT
RECEIVED
SIGNAL
POWER

DISTANCE .

FIG.2A

MOBILE
UNIT
TRANSMIT
POWER

DISTANCE _ .

FIG. 2B
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to cell-sybss 198 he recei ved power will be dom nated by the signal on path
24a. \Wen nobiTe unit 18 is closer togcell-site 12, the recBCTEAERRMEE wi | |
be domi nated by the signal traveling (§r<7path 22a. 20 Each of nobile
units 16 and 18 uses the resultant measurenent, together with know edge of
the cell-site transmtter power and the nobile unit antenna gain to
estimate the path loss to the closest cell-site. The estimted path | oss,

t oget her with knowl edge of the nobile antenna gain and the cell-site GTis
used to determne the nomnal transmtter power 25 required to obtain the
desired carrier-to-noise ratio in the cell-site receiver. The know edge by
the nobile units of the cell-site paraneters may be either fixed in nenory
or transmtted in cell-site informati on broadcast signals, setup channel,
to indicate other than nom nal conditions for a particular cell-site.
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be hel d twomarpjibgum thus all ow ng additional nobile users fﬁgﬁ/ﬁ“ t6t£e 5
frequency band. Accordingly, system capacity and spectral e li

maxi m zed. Figure 2A illustrates the effect of both Rayleigh fading as a
function of distance on the strength of the cell-site transmtted signal as
received at a nobile unit. The average pﬁﬂvloss, I ndi cated by curve 30, is
determned 10 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 increases between the nobile unit and the cell-site,
signal power decreases as received_at_the_mobile unit for a constant power

transmtted cell-site signal. The, average path loss Is the sane for both
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30 the“ngygﬂg path | oss of curve 30 of Figure 2A. Simlarl curve 36
corresponds to tﬁe nmobile unit transmtter power respondin& °ﬁ59le|gh
fading as represented by curve 32 of Figure 2A. As the Raylelgh f aded
si'gnal, curve 32 of Figure 2A, decreases in signal strength, rapid

I ncreases in transmtter power result. se rapid upward excursions of 3 5
transmtter power can result in deleterious effects in overall system 18
performance. Therefore, the present invention envisions the use of an
optional nonlinear filter to control rapid upward excursions, or increases,
in transmtter power. Furthernore, the present invention also utilizes
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cl osed | oop power adjustnent feedback fromthe cell:site to adjust mobile 5

unit transmtter power. Figure 2C illustrates the
power corresponding to Figure 2A wthout taking i

cell-site closed | oop power adjustnent feedback.

average transmt power, as represented by curve 3
nobi l €. 10 wunit received signal strength of curve
illustrates the transmitter power utilizijng the o
in power cantrol of the present invention. The ra
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BACKGROUND OF THE INVENTION

I. Field of the Invention _

The present application relates communication systems. More
specifically, 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. |

IL Descnptxon of the Related Art
The use of code division multzple access (CDMA) modulatxon
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

'amphtude companded smgle sideband (ACSSB) are known, CDMA has
‘sxgmfxcant advantages over these other techmques The use of CDMA

techniques in a mulhple access communication system is disclosed in
US. 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 mventxon,
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 through. satellite repeaters or terrestrial
base stations (also known as cell-sites stations, or for short cell-sites) using
code division multiple access (CDMA) spread spec&um 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 'a_'gcé_ss techniques. In a CDMA system,

RMOBILE i cantly



transmt power to a fixed value. The resulting variation in transmtter
power relative to the desired transmt power is both fi ' '
range and in rate of change. This limtation allows t
20 adj ust nrent feedback process to be easier to inpl |
effective at a much lower control data rate. Transm t} power, A%g ﬁgﬁi atjed
by curve 38, is permitted to decrease at a much greatjerf rate than an
i ncrease. As distance increases fromthe points nmarkdd D1-DZ, tger
25 power decreases rather quickly corrgsponding to dden i nprovenept in
t he channel. Between the di stance points marked D2-D3 the chann

Wi th a corrgsponding s'w@ghﬁ??gaéig(t k{sﬁé%%&redpw@anﬁnﬁ\eg;p@gﬁnmmer |

degradation I s not, so-sl Tica t he ng&-éll ter maxi mum
rate |imtspewer qfi eacks makilenser po as, ih E9F e ntgpigeence to other system

users.
In the satellite application of the CDMA communication

5 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

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 sensitivity.

15 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

20 desired communications. Preferably the desired power level is a

 minimum powef 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 i.'eceiv_er power
measurement and the p_dwer 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 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

35 stations systems are the relative distances separating the mobile units and




30 As distance increases as fromthe distanc

Derr]-Derr], the channel degrades nuch nore rapi Iﬁ PLACEMENT BHEF*]T ear
filter will permt an increase in transmtter powery. Por+hg—thi-s.perijod,
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the satellite or cell-site. Another important different in the satellite versus
the terrestrial system is the type of fading that occurs in these channels.
Thus, these differences require various refinements in the approach to
system power control for the terrestrial system.

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
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/ mobzle 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, ie. 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.



In certain conditions may be desirabe to elininate the upward 5
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terrestrial channel presents a more severe fading environment than the
satellite channel where Rician fading is the dominant fading characteristic.

The Rayleigh fading characteristics in the terrestrial channel signal
is caused by the signal being reflected from many different features of the
physical environment. As a result, a signal arrives almost simultaneously
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 pos.'sibility for destructive summation of
the signals may result, with on occasion deep fades occurring.

t he

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 frequency 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 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
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



Rayl eigh fading in the cell-site transmtted signal. The nobile unit
transmtted signal experiences Rayl eigh fadi ng before-art+vwng--at..the
cell-site receiver. The signal received at the ceflBEi ﬁ@‘f“ﬂﬁ“ﬁ Slﬁs’-t'h refore

a signal of constant average received power |eveljb@tstt+t—wi-thth
Rayl ei gh fading of the inbound channel i npressed th=r?u.pg‘|?? 5;3 2
represents the Rayl eigh fading that occurs on the ipboun $

present invention to conpensate for thegRayleighijfading. In the 25
satellite repeater situation the speed at which the opefi Toop—e

operates isygbe o%ye ﬂ@tﬁb@%t&'mtﬁ A rechﬁ}epe possibility that t he
0 res

nobil e unit nay COITE ace ere € ‘out bound link is not
faded but yet thd&heritseuefadiffesrny &eqeemyebynda&ea sighifinant iwoplicatians imoul d

di srupt comEipeRkdroBsntrol of the cell-site and mobile unit transmitters. Use of
different frequency bands causes the multipatﬁ.féd'ih’gifo‘be independent
5  processes for the inbound and outbound channels. A mobile unit cannot
simply measure the outbound channel path loss and assume that the
same path loss is present on the inbound channel. One technique related
to the present invention for controlling transmitter power in the
terrestrial environment is disclosed in U.S. Patent No. 5,056,109 issued
10  October 8, 1991 entitled "METHOD AND SYSTEM FOR PROVIDING A
SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR
TELEPHONE SYSTEM", the disclosure of whxch is incorporated by
reference.
, Furthermore, in the terrestrial cellular mobile telephone the mobile
15 phone is capable of communications through multiple cell-sites as
disclosed in U.S. Patent No. 5,101,501 issued March 31, 1992, entitled
"METHOD AND SYSTEM FOR PROVIDING A SOFT HANDOFF IN
COMMUNICATIONS IN A CDMA CELLULAR TELEPHONE SYSTEM
the disclosure of which is mcorporated by reference. In communications
20 with multiple cell-sites the mobile unit and cell-sites include a multiple
i-ece_iv'er scheme as disclosed in the just mentioned patent and further’
detailed in U.S. Patent No. 5,109,390 issued April 28, 1992, entitled
_"DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM"
the disclosure of which is also incorporated by reference.

.25 In the cell diversity environment in which the mobile phone is
communicating with another user th.rotlgh multiple cell-sites, mobile _
phone transmitter power must also be controlled so as to avoid adverse
interference with other communications in all cells.

It is therefore, an object of the present invention to provide a novel
30 and improved method and apparatus for controlling transmitter power in
the terrestrial channel in a cell diversity environment so as to overcome
deleterious fading without causing unnecessary system interference which

can adversely affect overall system capacity.

aI lin t he
terrestrial channel a high speed power control prjocéss™is d{l n the




30 unl ess an additional nmechanism is enployed to conpensate for the

I nbound channel Rayl ei gh fading. The cl osed | oop power adjustnment command
process enployed at the cell-site is such a mechanismf ' L.hg the
nobile unit transmtter power, so as to conpensate for th&‘:’%@ﬂm% )
on the inbound channel. In Figure 2D, curve 44 illustrate
unit transmtted signal power as received at the cell-sit é‘anﬁp? 30

conpensating for average path | oss and yl ei gh fadi ng ngb t'h 4t §3bdun

and out bound channels. As can be seen i Figure 2D curv -ows_cl gs
to curve 40 except for instances I[zf severe fading V\,heref_._t he
SUMMARY OF THE INVENTION ™

In a terrestrial CDMA cellular mobile telephone system, it is

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

5  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 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

10 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

15 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 imdesi;ed signals received at the cell-site; ie.,

20 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

25 - interference ratio from a negative value to a positive value thus allowing
operation within an acceptable bit-error-rate.

In-a terrestrial CDMA cellular mobile telephone system it is .
extremely desirable to maximize the capacity in terms of the number of
simultaneous telephone calls that may be handled in a given system

30 bandwidth. System capacity can be maximized if the transmitter power of
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-

35 error-rate may be too high to permit high quality communications. On
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with this particular mobile unit will be acceptable. However, this high
power signal acts as interference to other mobile unit trarismitted 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
proporhonal to the inverse fourth- power of the path distance, and whose

standard deviation is approxunately 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 phenozhena 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 Ray1e1gh distribution varies relatively fast as a function of
position.

In the present invention, a CDMA approach to multiple user access
in a cellular mobile telephone system is implemented. In such a system
all the cell-sites in a region transmit a “pilot” signal of the same frequency
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.

I Ses

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
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measures the power level sum of all cell-site transmitted signals as
received at the mobile unit. The power level suml 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 may be 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 mcrease in power causes additional
interference to all signals sharing the same wideband channel. A rapid

' response to the sudden unprovement 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

out of the shadow, the outbound link signal as received by the mobile unit
will suddenly increase in strength.

The outbound link path loss estunate at the mobile unit is used by
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 refatively
smaller mobile unit transmitter power level is required in nominal
received power at the cell-site the mobile unit.



30 the data bits in the power adjustnent command are used by nmobile unit N
in adjusting nobile unit transmtter power. Wen the received power
measurement is greater than the preset |evel provi[dgd by o Tett=sityg
processor (not shown), an appropriate power adjust né’ﬁffl-'c’)éﬁﬁiﬁ&ﬁdgr’ﬁ?

generated. Should the received power 35 neasurererfi be Tess~ttrap {he

preset |evel, the power adjustnent 21 command datia {pit gPRrGIMehef at ed
and indicate that an increase in nobile unit trangmijtter power is
necessary. Sinmlarly, if the received megsurenent is greater than {he
preset |evel, the power adjustnent

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 unnevessarily rapid

5 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

10 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
15 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 o¢curs in only the
20 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
25 undesirable because the possibility of sudden improvements and fades
that affect the inbound and outbound channels equally. If the response to
a sudden improvement were to be slowed down by a filter, then there
would be frequent occasions when the mobile unit transmitter power
would be quite excessive and cause interference to all other mobile users.
30 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

35 (receive antenna'gain G divided by receiver noise level T) the mobile unit



command i s generated such that the nobile unit transn L. is 5
reduced. The power adjustment command is utilized to nﬁEPﬂ:@E&fé@?Tn@mé}z?
recei ved power level at the cell-site. The signal out pl{HMmJ.fi_g‘I;t“ﬁ

receiver 56 is provided to user digital baseband cir ¢uiit ry, 5__,__;(\@;3re7[t S

interfaced for coupling to the intended recipient vi éh '%J%%n@%on roller

and switch. Simlarly, 10 baseband circuitry 58 recgi vestsesrinf I on

signals intended for nobile unit N and provides thempto transmt nodulfator
|l e

62. Transmt nodul ator 62 spread spectr&lﬁr%rmdul ates thHe ]
information signals for transm ssion to*nobile unit N. Transmt nodul ator
62 al so recei ves the_power adjustnent command 15 data bits fromreceived

power neasufBifEW Gaiupndy tied numRbepferallsljassivecat thémegHsiteat aThists are
al so spreadirgpeehtion EROWsafRIndbile 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
5 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
10 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
15 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
20 originated within the public telephone switching network intended for
| ihe 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 one or more cell-sites. Each cell-site receiver -
25 measures the strength of the signal, as received at the cell-site, from each
- mobile unit to which the cell-site is in communication with. The
measured signal strength is compared to a desired signal strength level for
that particular mobile unit. A power adjustment command is_generated
and sent to the mobile unit in the outbound link data, or voice channel,
30 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, nominally 1 dB. In
the cell diversity situation, power adjustment commands are provided
from both cell sites. The mobile unit acts upon these multiple cell-site
35 provided power control commands, so as to avoid mobile unit transmitter



transmt nodul ator 62 for transmssion to nobile unit N. Transmt nodul ator
62 provides the spread spectrum nodul ated signal via tfansnrt—power-contr ol
circuitry 63 to summer 64 where conbined with spread 2{) EEBACRIMENT SHarmlls
fromother nodule transmt nodul ators also |ocated at t hg Ter=site~-Thg
conbi ned spread spectrumsignals are input to summer g6 vm?gge&me%@%ﬁrﬁ !
res8. T

conbined with a pilot signal provided by pilot signal {generator’ !es,e

conbi ned signals are then provided to circuitry (not 35 Showr)—for
frequency upconversion fromthe IF freq ﬁncy band to tthe RF frequency band
and anplified. The RF signals are then g ovided to antenna 52 TOr

transm ssion. Al though not illustrated, transmt power control circuitry
may be di spop@depcleweln thatmmaycedyamsedyit itanfese. with sothier coiabile umitier

control of tdgnkfiricatidfs WiltfeRe Qell-sites] 8RACPS PFovile sufficient power to
support communications between the mobile unit and at least one
cell-site. '

5 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

10 outbound link path Rayleigh fading impressed on the inbound link path
signal to be tracked. One command per 1.25 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

15" transmission thereof be minimized so that channel conditions will not
change significantly before the mobile unit receives and responds to the
signal. ' -

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

20 is controlled by the bower 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 mobil_é unit in

25 the outbound data or voice channel addressed to that mobile unit. This
power adjustment command is 'comb_ine'd 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

30 millisecond. The modulation system exri.ployed 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
and corrected by the error correction as decoded in the mobile unit
receiver. Error correction coding on the power adjustment command bits

35 in many cases may not be desirable because of the resulting increased




30 power adjustnment conmand signals transmtted by the nobile un|t whi ch
are denodul ated at the cell-site receiver and g %VEEI@?A,‘];S}J&W hl -site

control processor for coupling to the circuitr

tkhd nobil e

unit, such as nobile unit N, includes an antenna 70 for colT&cting cell
site transmitted signals and radiating nobile 35} uhiit A§Rrigégat &d | CDVA
signals. Typically antenna 70 is conprised of tiwd 22 separ af e{ant ennas,
one for transm ssion and another for reception Mbile unit Nre¢eives the

pi |l ot signal,

setup channel signals and the nobile_unit N addre3>ed signal s

usi ng antenna 70, anal og receiver 72 andl2ligital data

10

15
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35

latency in reception and response to the power adjustment command. It is
also envisioned that time division multiplexing for transmission of the
power adjustment command bits may be used without gverwriting 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
power adjusfmer_xt 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
ﬁqisy 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 quahty '
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.
this mobile is increased, the quality may become unacceptable. An
example of such a location is a point where the path loss to one or two
neighboring cells is nearly the same as the path loss to the cell-site
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si{the 5

receiver system 74. Receiver 72 anplifies and frequeney—downe
received RF CDMVA signals to IF, and filters the IF |sign Igsﬁ-;l; %F sifgnal s
are output to digital data receiver 74 for digital ockssfhg. - i jyer 72

al so includes circuitry for perform ng an anal og as‘ur-ereft—of—

conbi ned power of the received signals. This power |measurenent is used to
generate a feedback signal that is provided to tra ' —conttot 10
circuitry 76 for controlling transmt power. Digital data receiver system
74 is conprised of nultiple digital datg3receivers. One digital data
receiver, receiver 74a I's used to search for pilot signals that are

transnitted eht- FAAP and BRI Lok S| BNURNTEY 108 H LirR2ihat! 0N S

of a sane ce |te ot. sig trgnsﬁg}tte ferent 15
cell -sites, igter reaﬁe).weelﬂobﬁ éﬁlcrséﬁ yrbres FlfreqSewerc@w indenference seem t t ed

pil ot si gnalb?y tHeempbile it at apoinsRlatilpeiosede ibstelRbitat Ik adifda, e code
phase interference coming from these neighboring cell-sites will not fade in
5 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

' 10 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,

15 ' reducing interference to other signals being transmitted by the system.

To achieve the above objectives, the preferred embodiment
includes a sigﬁal-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

20 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

25  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, typically on the order of 0.5 - 1 dB,
or around 12% more or less. Cogreépondingly the othe; cell-site
transmitted signals are reduced by a factor of the increase divided by n,
30 where n is the number of other channel units communicating to a mobile
telephone. Typically the decrease in power may be on the order of 0.05 dB.
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
second. The dynamic range of the adjustment would also be limited to 4
35 dB less than nominal to about 6 dB greater than nominal. It should be




offset for identification of the particular cell-site. Receiver 74a
provides to control processor 78 signals indicative df rongest | ot
signals, whether they be nultipath signals of a singlje RE@M@H‘QHQHLHF(m
different 20 cell-sites. Control processor 78 useg tjhe Thformatto
provided fromreceiver 74a in establishing and maintairfi nigs cappninarali on
with the cell-site or cell-site. Digital data receivér Jsystem 74 is fufther
conprised of digital data receivers 74b and 74c. Al §hough onl'y TWo
receivers are illustrated, 25 addltloq | receiversinay_be provided.
Receivers 74a and 74b are used for despreading and correlating theé recel ved
S|gnals addreged to, nobile unjt N from,one ceII-mq&g or fromnmultip

cel | -sites fHideaiqod ithe POWsr IRsIRRE ARG MRSV éé?\ferP“iszSS%ﬁw@ch
are assi gnecéﬁamgsireomastldltfdmeerlhvmsl mpatie segliby selected tdepeairting on

cell-site, %rys@ng$%r§me{e%g1 di fferent
The cell-site must also consider the power demands ‘being made on
5 it by all the mobiles in deciding whether to comply with the requests of
any particular mobile. For example, if the cell-site is loaded to capacity,
requests for additional power might be granted but only by 6% or less,
instead of the normal 12%. In this regime, a request for a reduction in
power would still be granted at the normal 12% change.

10 : .
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
15 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 111ustrate, m a series of graphs mobile unit received
20 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;
25 Figure 5 is a block diagram illustrating in further detail the power
control features of the mobile unit of Figure 4;

Figure 6 is a block diagram illustrating in further detail the power

control features of the cell-site of Figure 3; and

Figure 7 is a block diagram of a cell-site/system controller
30 configuration for cell-site transmitter power control.
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30 cell-sites when in a cell diversity node. Under the control of contro
processor 78, receivers 74b-and 74c process the assigned signal intended

for the nobile user. Typically receivers 74b an "7zrcl‘~a1=e~ to
process the spread spectrumdigital user data sidHallAGRIAENRT apmeespond to
e]

the strongest pilot signals identified by recei Vel 74da: 23-Recjei vers 74b
and 74c provi des denodul at ed user data such as digi guzg@{smenﬁﬁd d {speech to
diversity conbiner and decoder circuitry 75. Gprclitry 75 toheqjently

conbines the different signals fromreceivers 74b an
mul ti path signals or cell diversity sigigl so ds_to

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An exemplary terrestrial cellular mobile t'elephone system in which

5  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

10 techniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1,_' system controller and switch 10, typically includes
appropriate interface and processing hardware for providing system
control information to the cell-sites. Controller 10 controls the routing of

15 telephone calls from the p_uBlic switched telephone network (PSTN) to the
appropriéte 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

20 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 exemplé_ry mobile units 16 and 18 which include cellular

25 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.

30 Cell-sites 12 and 14 are in the typical case are terrestrial base stations
which define cell service areas, however it should be understood that
earth orbit relay satellites, such as satellites 13 and 15, may be used to
provide more complete cellular coverage, particularly for remote areas. In
the satellite case, signals are relayed between the mobile users and the



5 provide a single user data signal. Grcuitry 75 also perforns decodi ng
and error correction on the user data. The signal output fromcircuitry is
provided to digital baseband circuitry 82 for int i.th the user.
Baseband circuitry 82 includes interface hardwar e MPs ﬂ;\hﬂg“gg}c iver 74
and transmt nodul ator 82 to the user handset (n
Recei vers 74b and 74c al so separate the digital Yser tq,,,j)rg t he {power
adj ust rent commands generated by the cell-site(s)] gnd r BhE e F itn the
user data signals. The extracted power adjustnen t$ are
sent to control processor 78. Processorlé/8 anal yies the power adjuftnent
commands to so as to provide control over the nobrte—tr-t—i5-transintter
pover. In t{eresiril!tase Stdtidtist ikihj ateltites 18idritP15.026 @ tH¥Defreb HH4] lnippt h)
spanals arekhed dhdlite 53 05§ AAE RE 36835 W Wl RGRIAEOR betlredn/ 2™

a mobile unit and one or more base stations via multiple transponders on

the same satellite or through different satellites.

S 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 ar_td 18, pilot signal power is measured in the receiver

10 where the signal is a _widéband 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

15  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.

20 * Each..of mobile units 16 and 18 uses the resultant measurement,

' together with knowledge of the cell-site transmitter power and the mobile
unit antenna gain to estimate the path loss to the closest cell-site. The
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

25 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 condit_ions for a
particular cell-site. .

30 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
35 mobile unit transmitter power. The minimization of the mobile unit



t he power adjustnment commands are recogni zed as originating froma single

cell-site. In this case, processor 78 is responsive to the power 20

adj ust mrent comuand data bits generates a transm-—powerTOmt ﬁ'_ nmand
I

that is provided to transnit power control circui BrpLdEMu¥e power
adj ust rent commands i ndicate that additional noBi UNTTtTransnmjt jer power
i's required, processor 78 provides a signal to tyranspyut sAPRVBET contr ol
circuitry 76 to increase transmtter power. Simijarly, when 25 he power
adj ust nent conmmands indicate that |ess rﬁbi le unit transmtter power is
required, processor 78 provides a signal”“to transmt power control
circuitry 76 to decrease transmtter ., However, 1 n the cell gtipilsrsity

, pOwer..
si tuation adeAnSTRtEd Pawesis IRPArta inak &DMA Systami kreaase G_ﬁdb;m essor
78. 30 unit lAub&P ifRirfereh¥ensidversi éthat | MobileN@nitoue tha diyddniENin

commands ar eminimizing the mobile unit transmitter power, system interference will

be held to a minimum, thus allowing additiondl mobile users to share the

5 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

10 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,

15 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
- 20 these multiple paths in random phase and amplitude, resulting in the
~ characteristic Rayleigh fading. Curve 32, as illustrated in Figure 24,
represents the variation in signal path loss as a result of Rayleigh fading.
 The Rayleigh fading is typically independent for the two directions of the
~ cell-site/mobile unit communication link, i.e. outbound and inbound

25 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,
curve 34 represents the desired average transmit power corresponding to
30 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

35 transmitter power can result in deleterious effects in overall system




arriving fromtwo different cell-sites. Mbile yrt—transr-tter—power as
measured at these different sites nmay be differenﬂhaﬂﬁﬁ?thér@ﬁ%ﬂé care mnust
be taken in controlling the nobile unit transm tit g—power—t-o—avoi @
transmtting at a |level that woul d adversely affiedt t @w@gglnns 35
between the cell-sites and other users. Since tihd cell&&Ft poyel 24
adj ust nrent conmand generation process is independent—fronreach-ot her
cell-site, the nobile unit nust respond to the recelved comands tn a
manner that does not affect other users. In the cett=drversity situation
shoul d both cell sites provide power

performance. Therefore, the present invention envisions the use of an

optional 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
5 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

10 unit received signal strength of curve 30 of Figure 2A. Curve 38 illustrates
the transmitter power utilizing the optional non-linear filter in power
control of the present invention. '

The rapid upward excursions in transmitter power, as indicated by
the dashed lines offFigure 2C and correspond to the upward excursions in

15 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
rangé and in rate of change. This limitation allows the closed loop power

20 adjustment feedback process to be easier to implement and to be more
effective at a much lower control data rate. Transmit power, as indicated
by curve 38, is pernutted to decrease at a much greater rate than an
increase. ' :

As distance increases from the points marked Dl—Dz, transmitter

25 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 signifiéaht' such that the non-linear filter
maximum rate limits the rate of increase in transmitter power.

30 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 Dy4-Dj, the channel begins

35 improving. However, as the quality of the channel improves the



5 adj ustmrent commands to the nobile unit requesting additional power,
control processor operates in a |ogical AND functign gaﬂgqﬁ;@@ a{;ﬁ% power

control signal to transmit power control circuitry ;7 an
increase in transmtter power. In this exanple a rgquest for agg,g

I ncrease request corresponds to a logical "1" whil € alrp"’oﬁ/ef Paed af 10
request corresponds to a logical "O'. Transmt powdr cantrol circuitry 76
is responsive to this type of power control signal iso as to increaseithe
transmtter power. This situation nmay ocggir when then.canm;m_ga-t,-l—gn—péth to
both cell-sites is degraded for one or nore reasons In the case when one
cell-site requests,an increase in tr nsmtt @2 ower but the ot her, one
requests a dH@RETUEer pP%‘ﬁ’§§s%9m’7‘§“‘%§g Pn”bcﬁg?%ﬁ HIf dRaxImBTe ratsh 4BHed

| ogi cal AND fransmiitter tpowendsaseffirigrawto ment rtble desjmed lewel rsamhnas gtower
control ci rCH{atrl’<>D57.6 indicative of an decrease in

In certain conditions may be desirable~to elimfinate the upward

5 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.

10 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

15 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

20 is therefore a signal of constant average received power level but still with
the Rayleigh fading of the inbound channel impressed thereupon. -

- Curve 42 represents the Rayleigh fading that occurs on the inbound signal.

In the terrestrial channel a high speéd power control process is utilized in

the present invention to compensate for the Rayleigh fading. In the

25 satellite repeater situation the speed at which the open loop control
operates is slowed down.

Additionally, there is the possibility that the mobile unit may come
to rest at a place where the outbound link is not faded but yet the inbound
link is severely faded. Such a condition would disrupt communications

30 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

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



transmtter power. Transmt power control circuitry 76 is responsive to
this type of power control signal so as to decreas‘ﬁkgg L Lansm Trer—pover .
20 This situation may occur when the communi cati ﬁ&@hﬁﬁgﬁbﬁkﬁéél -site
i s degraded while the conmunication path to the otphef CElT-SiTé bacones

i nproved. In summary, nobile unit transmtter powey [s{itn@@aged dnlly when
all cell-sites in which the nobile unit is in co nfcation wth riequest 25
an increase in power, and is decreased when any onge or nore of thes
cell-sites request a decrease in power. by this schene, a nobile unijt will
not transmt at a power |evel that woul d"unnecessarily increase the | evel
of systeminterference f
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di scussi on oinlidund andt outhoahndr eltarineds. Astamberdednnin Figure 2D curve 44
follows close to curve 40 except for instancgs of severe fading where the
fading process is minimized by the closed loop control.”

5 ‘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 or channel units for, extraction

10 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 50N. Thus the

~ output of receiver 54 is provided to a plurality of these modules including

15 module 50N. : _ . .

Module 50N comprises digital data receiver 56, user digital baseband
circuit 58, received power measu;ement: circuitry 60 and transmit
modulator 62. Digital data receiver 56 receives the wideband spread

" spectrum signals for correliting and despreading the mobile unit N

20 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 measuremhent circuitry 60. '

25 Received power measurement circuitry 60 measures the power
level in the received signal from mobile unit N. Received power
measurement circuitry 60 in response to the measured level of power
generates a power adjustment command which is input to. transmit
modulator 62 for transmission to mobile unit N. As previously discussed,

30 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

35 measurement be less than the preset level, the power adjustment
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U S. Patent No. 5,109,390. The function is also fucther exenplified
previously mentioned U S. Patent No. 5,101, 501. Frg;pg_mpg?\ﬁ g;%%% rovi des

a level set conmand to transmt power 3 5 cont rjol mrrm'trv
setting transmtter power level in the with 25

r

-

| R A
power mneasurenent from anal og receiver 72. Further de 4i FER ORI he |

interaction of receiver 72, transmt power contrd

chrcuitry 76 an¢g 8

processor 78 are described in further dehail with reference to Figpre

10

15

20
* the cell-site.

25"

30

35

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 mobilé 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 épectfum modulates the user
addressable information signals for transmission to mobile unit Nk
Transmit modulator 62 also receives the power adjustment command
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 via transmit

power control circuitry 63 to summer 64 where combined with spread
spectrum signals from other module transmit modulators also located at

The combined spread spectrum signals are input. to summier 66

.'wher'e 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
frequehcy band and amplified. The RF signals are then provided to
antenna 52 for transmission. Although not illustrated, transmit power
control circuitry may be disposed between summer 66 and antenna 52.
This circuitry, under control of the cell—sxte processor, is responsive to
power adjustment command signals transmitted by the mobile unit which
are demodulated at the cell-site receiver and provided to the cell-site
control processor for coupling to the circuitry.

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. Typically antenna 70 is comprised of two

in

use in
band

0, and
5.
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receiver system 74. Receiver 72 amplifies and frequency dwnconverts the
5  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

10 circuitry 76 for controlling transmit power.

Digital data receiver system 74 is comprised of multiple digital data
receivers. One digital data receiver, receiver 74a is used to search for pilot
signals that are transmitted by each cell-site. These pilot signals may be
multipath signals of a same cell-site, pilot signals transmitted by different

15 cell-sites, or a combination of both. The different cell-site transmitted pilot
| signals are each of a same spreading code but of at a different code phase
offset for identification of the particular cell-site. Receiver 74a provides to
control processor 78 szgnals indicative of the strongest pxlot signals,
_ whether they be multipath signals of a single cell-site or from different
20 ce11-51tes Control processor 78 uses the information provided from
receiver 74a in estabhshmg and maintaining communication with the
cell-site or cell-site. .
- Digital data receiver system 74 is further compriséd of digital data
receivers 74b and 74c. Although only two receivers are illustrated,
25 - additional receivers may be provided. Receivers 74a and 74b are used for
despreading and correlating the received signals addressed to mobile unit
N from one cell-site or from muitiple cell-sites for cell diversity mode
communications. Receivers 74b and 74¢ are assigned to procéés different
multipath signals from the same ceil-site, or signals from different
30 cell-sites when in a cell diversity mode.” Under the control of control
processor 78, receivers 74b and 74c process the assigned signal intended for
the mobile user. Typically receivers 74b and 74c are assigned to process the
spread spectrum digital user data signal which correspond to the strongest
pilot signals identified by receiver 74a.



the illustrated exenplary enbodi nent the two cont rpot—functrons—areshown as

separate el enents. 20 In the operation of |t REFMIENToRtEDI
circuitry illustrated in Figure 4, receiver 72 neds ‘T'h‘é‘"CUbe"l“hec power

| evel of all signals received fromall cell-sites.{ The e gf@epﬁye el
measurenent results are used in controlling the pdwe evel as se Ry
transmt power control circuitry 76. Transmt powdr CONtToOl Circuitry 76
includes circuitry in 25 which the rate of increagse transmtter power is
limted by an optional non-linear filtep3as previ oGSTYy discussed. The rate
of increase is set to be no faster than the rate at which transmt pomer
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power

downward co nds fromt e ce -sﬁ rocesse receiver 74 a
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control asp€itcudfry 75 coherently combines the different t signals from receivers 74b

and 74, whether they be multipath signals or cell d1ve$1tf signal so as to

5  provide a single user data signal. Circuitry 75 also performs decoding and
error correction on the user data. The signal output from circuitry is
provided to digital baseband circuitry 82 for interface with the user.
Baseband circuitry 82 includes interface hardware for coupling receiver 74
and transzmt modulator 82 to the user handset (not shown).

10~ Receivers 74b and 74c also separate the digital user data from the ’

' power ad]ustment commands generated by the cell-site(s) and transmitted
in the user data signals. The extracted power adjustment ¢command data
bits are sent to control processor 78. Processor 78 analyzes the power
adjustment commands to so as to provide control over the mobile unit

15 transmitter power.

. In the single cell sxtuahon when either one or more (multxpath)
_signals are the szgnals assigned to be processed by receivers 74b or/and 74c,
‘the power ad]ustment commands are recognized as originating from a
single cell-site. In this case, ‘processor 78 is responsive to the power

20 adjustment ‘command data bits generates a transmit powar control

~ command that is provided to transmit power control circuitry 80. When'
the power adjustment commands indicate that additional mobile unit
" transmitter pbv‘ver is required, processor 78 provides a signal to transmit
power control circuitry 76 to increase transmitter power. Similarly, when

25 ° the power adjustment commands indicate that less mobile unit

. transmitter pdwer is required, processor 78 provides a signal to transmit
power control cu:cuxtry 76 to decrease transmitter power. However, in the
cell diversity situation addmonal factors must be taken into consxderahon
by processor 78.

30 In the cell diversity situation, the power adjustment commands are
arriving from two different cell-sites. Mobile unit transmitter power as
measured at these different sites may be different, and therefore care must
be taken in controlling the mobile unit transmitter power to avoid
transmitting at a level that would adversely affect communications

35 between the cell-sites and other users. Since the cell-site power.



nmobile unit N discussed with reference to Figure 4. 1ln Figure 5, received
RF signals fromthe antenna are provided to frequen Rcﬁﬂﬂﬂ$u- -390
where the received RF signals are converted to an IjF frpqﬁgﬁgvéggﬁérlF

frequency signals are coupled to bandpass filter 9 ere out of B?n( 35

frequency conponents are removed fromthe signals. 264 TRBR8YT ef e
signals are output fromfilter 92 to variable gainjl plifier 94fwhere
the signals are anplified. The anplified signals ar{e out put from anplifier
94 to an analog to digital (A/D) converter (not showy—for.digital sjgnal
processing operations on the signals. Th&output

adjustment command generation process is independent from each other

cell-site, the mobile unit must respond to the received commands in a
manner that does not affect other users.

In the cell-diversity situation should both cell-s¥es*provide power

5 adjustment commands to the mobile unit requesting additional power,

control processor operates in a logical AND function and generates a

power control signal to transmit power control circuitry 76 indicative of an

increase in transmitter power. In this example a request for a power

increase request corresponds to a logical "1" while a power decrease

10 request corresponds to a logical "0". Transmit power control circuitry 76 is
responsive to this type of power control signal so as to increase the
transmitter power. This situation may occur when the communication
path to both cell-sites is degraded for one or more reasons. .

In the case when one cell-site requests an increase in transmitter

15 power but the other one requests a deéreasg, processor 78 again operates in
the above mentioned logical AND function to generate a power control
signal to transmit power control circuitry 76 indicative of an decrease in
transmitter poWer. Transmit power control circuitry 76 is responsive to
this type of power: control signal so as to decrease the transmitter power.

20 This situation may occur when the communication path to one cell-site is
degraded while the communication path to the other cell-site becomes
improved. '

~ In summary, mobile unit transmitter power is increased only when
. all cell-sites in which the mobile unit is in communication with request

25 an increase in power, and is decreased when any one or more of these
cell-sites request a decrease in power. In this scheme, a mobile unit will
not transmit at a power level that would unnecessarily increase the level
of system interference for other users, but yet maintain a level that would

_ facilitate communication with at least one cell-site.

30 Further discussion on the function of receiver system 74 in
communications with multiple cell-sites is provided in previously
mentioned U.S. Patent No. 5,109,390. The function is also further
exemplified in previously mentioned U.S. Patent No. 5,101,501.

Processor 78 also provides a level set command to transmit power

35 control circuitry 76 for use in setting transmitter power level in the with



5 of anplifier 94 is also coupled to automatic gaRBpCARFENT §§

detector circuit 96. AGC detector circuit 96 generjatgs..a gain hE T gl

signal which is coupled to a gain control input off anplifier 94. Thils gain
control signal is used to control the gain of the janplifi &PRd4980(ag to

mai ntain a constant 10 average power |evel as oytpw-fromanplifiér 94 to

the A/D converter. AGC detector circuit 96 al so prlovides an output fo one

i nput of conparator 98. The other input of conparate~88-is_pravidefl with a
| evel set signal fromthe nobile unit pr2icessor (not shown). This |evel set
signal is indicative of a desired transmtter reference power |evel. These
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circuitry 76 and 80, and processor 78 are described in further detail with
reference to Figure 5. a
5 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
assigned spreading code. The spread spectrum signals are output from
transmit modulator 84 to transmit power control circuitry 80. The signal
10 power is adjusted in accordance with the transmit power control
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
15 units for cohtrolling 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. : _
20 In the operation of the power qontrol circuitry ilhistratgd 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
25 which the rate of increase transmitter power is limited by an optional
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.
30 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
35 frequency components are removed from the signals.




froma desired nobile unit transmtter power level . Filter 100 nmay be
configured as a sinple resistor-di ode-capacitor

the input to the circuit is a conmon node shared
ot her end of each resistor is coupled to a respe
reversed in their connection to the resistors an
di ode coupl ed together at a commbn node as an outp
capacitor is coupled between the di ode conmon no
filter circuit is designed to limt the2eate of

1 dB per mllisecond. The rate of power decrease is typically sé
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mllisecond. The out put
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0 ACGutpue ke &hiplifidr 96 tocaRMaid®to 9igind (A DEoAPErtes (haRt €
shown) for digital signal processing operatiof\s on the sigrals. The output
5 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
coupled to a gain control input of amplifier 94. This gain control signal is
used to control the gain of the amplifier 94 so as to maintain a constant

10 average power level as output from amplifier 94 to the A/D converter.

- AGC detector circuit 96 also provides an output to one input of
comparator 98. The other input of comparator 98 is 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

15 input signals are compared by comparator 98 with the comparison signal
provided to an optional 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. :

Fllter 100 may be conﬁgured as a simple resistor-diode-capacitor

20 circuit. For example, the input o the dircuit is a common node shared by
two resistors. The other end of each resistor is coupled to a respec’ave_

- 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

25 " 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, ie. 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.

30 AGC detector circuit 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.




received nobile unit signal power and the power correction necessary for
the nobile unit transmtter. This correction is us to maintain a desired
transmtter power level in conditions of fading on tﬁﬁp%%%b
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an input of variable gain IF anplifier 104. Amplifje i(fﬂﬁ%‘%m?
sor._78 (Figyr
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controlled by a power |evel control signal from prpc
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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 levél control signal is

5 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
power-up and power-dowﬁ commands that are accumulated in the mobile
10 unit processor. The mobile unit control processor starts with the gain
control level set to a nominal value. Each power-up command increases
the value of a gain control command corresponding to a resultant
appronmate 1 dB increase in amplifier gain. Each power-down command
decreases the value of the gain control command, corresponding to a
15 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
20 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
25 (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 amphﬁer
with the gain determined according to the power level control signal
output from filter 100. The signal for transmission is thus amplified in

30 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.




transmtted by the cell-site and processed by the rmbi l e unit as di scussed
with reference to Figure 4. The power adjustment comfd-stynat—consi-sts of
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gital to anal og (D/A) converter

ﬁgalel 8 as?trgtn? Iulm fﬁl.xretixe} %taehs tﬁeh;eao&%\xl'vecsranUOY schecu?g to%? e

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 mobfle 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
digital filter 114 where the signal is filtered. The output of filter 114 is
provided to a user data decoder circuit 116 which provides user data to the
user digital baseband circuitry. Decoder 116 provides the largest transform
filter symbols to power averager 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 i is set by the control processor for the cell-site.
Comparator 120 compares the two mput sxgnals 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 desxred 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 800 commands per second in the exemplary embodiment. At
one bit per command, the overhead of the power command is



The nobile unit reference power |evel may be stored in the 20 menory of
the control processor. In the alternative, the nDblle uni t reference power
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These independent inbound channel changes~are not nfeasured in the

5 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 .

10 channel path losses that do not exist in the outbound channel.

In using a closed loop control process it is highly desirable for the
command to arrive at the mobile unit before conditions change
sxgmﬁcantly The present invention provides a novel and unique power
control circuitry at the cell-site for minimizing delay and latency of

15 measurement and transmission. The power control circuitry at the
mobile unit, analog control and digital command response, provides a
vastly 1mproved power control process in the cellular mobile telephone
system. . : _
. As mentioned previously, it is also desirable to control the cell-site .
. 20 transmission power in response to requests from the mobile unit.
' Figure 7 illustrates the typical cell-site configuration in which multiple
" modules 50A - 50Z are included. Modules 50A - 50Z are each identical in
construction with that of module 50N of Figure 3. In Figure 7, mobile unit
_ N is considered to be in communication with module 50N for purposes of
25 illustration.

Each of modules S0A - 50Z are coupled to system controller 10 as
was discussed with reference to Figure 1. Through the link to system
controller 10, each module 50A - 50Z demodulates'and relays the mobile
unit power requests to system controller 10. System controller 10 in

30 response to a mobile unit request for an increase in module transmitter
power may reduce all transmitter power for some or all other module
transmitters by a small increment. System controller 10 would transmit a
power control command to a cell-site, typically to the cell-site control
processor. The cell-site control processor in response thereto reduces

35 transmitter power of the cell-site other modules. The reduction in power




frequency translated to the RF frequency for tra s W‘Fh I gnal
then fed to the antenna for transmi ssion. 28 f’@‘f‘ | L@T&E&?FSW n
further detail the power control scheme of the c; II-s_lte as Tttust

In Figure 6, a nobile unit transmttedistghal ARR t@Peijved at the

The received signal is processed by thejcell-site a{lj| g
I the

Fi gure 3.

cell-site.
receiver and cell-site corresponding to nobile

nit N. 5

i's

ated in

digital data receiver, receiver 56 of Figure 3, #he received anal g signal
is converted fromanalog to digital forgpby A/D converter 1I0.The digital
signal output from A/D converter is proVrded
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of the other modules makes available an increase in power to the module
servicing the requesting mobile user by n times the increment, where n is
the number of modules reducing transmitter power. Using this technique
there is no change in the total transmission power ot the c#ll-site modules,
i.e. no change in the sum of the individual module transmitter power.
Referring back to Figure 3, module 50N transmits at a nominal
power level as discussed above. The power level is set by a command
from the cell-site control processor, with this command modified at the
cell-site control processor by a command from the system controller. The
command input to transmit power control circuitry 63 is used typically to
decrease transmitter power. Transmit péwer control circuitry 63 may be

configured as a vanable gain amplifier as was discussed with reference to

Figure 5.

Referring to Figure 4, at the mobile unit the quality of the received
data signal is measured in the form of data frame errors. From this
measurment the level of adequacy of the signal power is determined,
where execessive frame errors are an indication insufficient signal power.
Frame error information may be generated from the known error
correction circuitry such as through the normalization rate of a Viterbi
decoder or Cyclic Redundancy Check/Code (CRC), or a combination
thereof. Various other techniques that are well known in the art may be
used for indirectly or directly measuring signal power. Other techniques
include re-encoding the data and comparing with the originally
transmitted data for an indication of errors. It should further be
understood that the power of the data signal itself may be measured and
used as an indication of link quality. .

The frame error information is provided to processor 78. Processor

78 in response to a frame error rate eéxceeding a predetermined ."threshold

level over a certain number of frames, such as 5 frames, generates a power
increase request message that is outpuf to transmit modulator 84.
Transmit modulator 84 modulates the power request message for
transmission to the cell-site.

It should be understood that the system controller through the
cell-site modules may solicit a power level measurement at the mobile
units. Each mobile unit communicates its power level measurement to



t o pseudorandom noi se (PN) correlator 112 where trh&&gﬁﬁ%nwﬁ%mgbes a
correl ation process with a PN signal provided fro,§n N gc..\,rutef 14. 10
The output of PN correlator 112 is provided to a fapt¢ha w 7 rjansform
digital filter 114 where the signal is filtered. The ?)u‘tgh Bt il ter 114
is provided to a user data decoder circuit 116 whi ch—provides—useér [data to
the user digital baseband circuitry. Decoder 116 iprovides the |argést
transformfilter symbols to power averager circuit 118 —Power—averdger
circuit 118 15 averages the |argest tr#nsform outputs over a one
mllisecond interval using well known digital techniques. A signal

i ndicative He epstaraventgtlepovwin respehse sheretputhef syntemmntraﬂer agey 118 to

ndl cat 1 ve #%h?%@%‘?%‘ér gl 9&%&2‘?*%‘2@%%991%2% s 36t S HAL oo
power | evel optimggation. t he control processor for t_he.‘cel | -site.
The previous description of the preferred “enfbodiments are
5 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 inve_ntion is not intended to be
10 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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Conpar at or

120 conpares the two i nput signals and provides an out put

I ndi cative of the deviation of the average power |evel fromthe desi
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1. In a cellular mobile telephone system in which system users
communicate information signals between dne another via multiple
cell-sites using code division multiple access (CDMA) spread spectrum
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 a receiver system and each cell-site has an antenna, at least
one transmitter and at least one recewer, said power control system
compnsmg

~ first power measurement means, coupled to a mobile telephone
receiver system, for measuring signal power in CDMA communication
signais received by said mobile telephone reeeiyer system;

first power adjustment' means, coupled to a mobile telephone
transmitter and corresponding mobile telephone first power
measurement means, said first power adjustment means responsive to
decreases and increases in power measurements of said corresponding first
power measurenient'means with respect to a first predetermined power
level, for respectively increasing and decreasing transmission signal poweér

of said corresponding mobile telephone transmitter;

a plurality of 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

correspondmg mobile telephone transmitter in communication
therewith; . _

a plurality of 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, wherein said power
adjustment commands are indicative of a request for at an increase in
mobile telephone transmitter power when said second power
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nomi nal Iy 800 commands per second in the exenpl apy--enbadinent. At

35 one

bit per command, the overhead of the power commafid:il8: sren@Qel HS1L
conpared to the bit rate of a high quality digital velce.SIgnaf—T
adj ust nent command feedback conpensates for chanpeg in, t ,%lnbouﬁd
that are independent of the outbound channel. Thgesg iinel pdh e 5n
channel changes are not neasured in the 5 outb
Therefore the path | oss estimate based upon then

' out bound channel
t~+-eftoeithe. cha

uné~ehannel..sigralf
land t he

ficant

e power
channel
pound

corresponding transm tter power adjustmegd do n
t he i nbound channel. Thus, the

34 measurement means measured power is below said second power |

lges in

evel

and indicative of a decrease in mobile telephone transmitter power when

36 said second power measurement means measured power is above said
second power level; and
38 second power adjustment means, coupled to said mobile telephone

receiver system and corresponding transmitter, said second po

wer

40 adjustment means responsive to said power adjustment commands

directed to said respective mobile telephone receiver system,

for

42  decreasing transmission signal power of said mobile telephone transmitter.

when said power adjustment commands as as transmitted by at least

one

44  of said cell-site and received at said mobile telephone receiver system is
indicative of a decrease in transrmssxon signal power of said mobile
46 telephone transmitter and for increasing transmission signal power of said
mobile telephone transmitter when said transmitted power adjustment
48 commands as transmitted by all of said cell-sites and received at said
mobile telephonie receiver system are indicative of an increase in

50 transmission signal power of said mobile telephone transmitter.

. 2. The power control system of Claim 1 wherein said ﬁrst power
2 'measurement means power measurements correspond to a sum of all
_ contemporaneously received CDMA commumcanon signals within a .
. 4 predetermmed frequency band and said ﬁrst power measurement means
is further for generating and providing a corresponding first power
6 measurement signal to saxd corresponding fn-st power ad}ustment means.

3. 'I'he power control sysfern of Claim 2 wherein said ﬁrst power

2  adjustment means comprises:

comparator means for receiving said first power measurement
4 signal and a first power level set signal, said first power level set signal

corresponding to a desired mobile telephone transmitter power level,

for

6 comparing said first power measurement signal with said first power level
set signal, and for providing a corresponding comparator output signal;

8 and

Iy |



power adjustnment command feedback is used to cory r*agpustnents I n
the nobile unit transmtter power based on the iiInBEHRACEMENTc RERRE pat h

| osses that do not exist in the outbound channely A USTNAg~a cdsgd | oop
control process it is highly desirable for the c nTa$Q BeRapfve at the
nobi | e unit before conditions change significant]y he present linqvention
provi des a novel and uni que power control circuitry at the cell-sijte for

m nim zing delay and | atency of 15 nmeasurenent ‘and transmn ssion. {The power
control circuitry at the nobile unit, anglog control and digital command
response, provides a vastly i nproved power control process in the cellular

bile tel eph t t d I t
Control the col | PIS0EaR Ran BERieR BkaRs  opsratiyshl RPled ot oot fr om

the robille umbbile telephone transmitter for receiving said comparator output signal
and responsive thereto for varying transmission signal power of said
12 corresponding mobile telephone transmitter.

4, The power control system of Claim 1 wherein said cell-sites
2 are terrestrially located and define a corresponding service area.

5. The power control system of Claim 1 wherein said cell-sites
2  communicate with said mobile telephones through at least one earth orbit
relay satellites.

6. An apparatus for controlling transmission signal power in a
2 cellular mobile telephone in communications having a plurality of
cell-site stations using code division multxple access (CDMA) spread
4  spectrum communication signals, said cellular mobile telephone having .
an antenna coupled to a transmitter and a receiver, said transmitter for
6 generating' and transmitting a CDMA carrier signal according to an
' assigned spreading function modulated by a mobile user input
. 8 information signal, said receiver for feceiving CDMA communicatien
' signals from at least two of said cell-site stations and spread. spectrum
10 processing said received CDMA communication signals according to an’
assigned spreading function so as to récover a mobile user output’
12  information signal intended for a user of said cellular mobile telephone,
" said at least two cell-site stations communicating power control
14 commands in CDMA communication signals intended for said cellular
mobile felephone with said receiver providing an output of said power
16 control commands, said apparatus comprising:
_ measurement means for, operatively coupling to sa1d receiver,
18 measuring combined signal power in contemporaneously received CDMA
communication signals and providing a measurement signal indicative of
20 measured signal power; -
adjustment means for, operatively coupling to said transmitter,
22 receiving said measurement signal, varying transmitter signal power in
opp051te correspondence to variations in measured signal power about a

N T |
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Figure 7 illustrates the typical cell-site configur
nodul es 50A - 50Z are included. Modul es 50A - 50Z ar
construction with that of nodule 50N of Figure 3. In
N is considered to be in comrunication with nodule 5
illustration. Each of nodul es 50A - 50Z are coupled

o] <3 % BRRCBRET o)

as was discussed with reference to Figure 1. Through: t mTe=tTrk—to—s¥yst g
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Froure--f—mebt-he

rel ays the nobi l

controller 10, each nodul e 50A - 50Z denodul ates and
power requests to systemcontroller 10. System controlTer 10T 36

response to a nobile unit request for an increase in nodule transmtter
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25
er 10
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uni t

power WM%&'@&@M&M@P&W&H@MPMF for some or all other nodule
transmtters” by ﬁﬂagal,l ncr.enent . gx_‘stem ontroller 10 would transmt
power control co tienaly adpystment meaps; for, | 9prgtiviely «Quplnng docsaidr
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26 receiver and transmitter, receiving said power adjustment commands,
decreasing transmitter signal power when at least one #f aid at least two
28 cell-site station transmitted power adjustment commands as received at
said receiver is indicative of a decrease in transmitter signal power, and for
30 increasing transmitter signal power when all of said at least two cell-site
~ transmitted power adjustment commands as received at said receiver are
32 indicative of an increase in transmitter signal power.
: 7. The apparatus of Claim 6 wherein each of said at least two
2 cell-site stations measures signal power of said cellular mobile telephone
transmitted CDMA communication signals and generates for
4 transmission said power adjustment commands indicative of at least one
of an increase and a decrease in said cellular mobile telephone signal
6 power so as to maintain a predetermined power level in CDMA
- communication signals from said cellular mobile telephone received by at
8 least one of said at least two cell-site stations.
8. The apparatus of Claim 6 wherein said adjusment means .'
2 comprises: | | o
K ' 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 'measuremenf signal with said first power level set signal, -
and for providing a corresponding comparator output signal;
8 ~ variable gain amplification means, operatively coupled to said
transmitter, for receiving said comparator output signal and responsive
10 thereto for varying signal power of said transmitter.
9. The apparatus of Claim 8 wherein said additional adjustment
2 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

.' [ I"mc””,!'"!””'l' I”m~ l THIS SHEET HAS BEEN
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processor. The cell-site control processor in response fhﬂLﬂ&FEdUCGS 35

o sgvcrre,
Ot 4t

transmtter power of the cell-site other nodul es. The rieggef AR T
30 of the other nodul es nmakes avail able an increase inip éA%}&t‘\ﬁeg%%
[

servicing the requesting nobile user by n times the ingrgnent, where n

the nunber of nodul es reducing transmitter power. Using thhik#t8ERiB%ie

there is no change in the total transm ssion power ot t;;‘hd cell-site

nodul es, 5 i.e. no change in the sumof the individual nodul e

transmitter power. Referring back to Figud& 3, nodul e 50N-transnmifs at

nom nal power |evel as discussed above. The power level is set by a command
6 adjustment signal; and

additional variable gain amplification means, operatively coupled
8 to said transmitter, for receiving said power adjustment signal and
responsive thereto for varying signal power of $aid tran@mmter.

10.  The power control system of Claim 6 wherein at least one of
2 said two cell-site stations are terrestrially located and define a -
corresponding service area.

11. The power control system of ‘Claim 6 wherein at least one of
2 said two said cell-site stations communicate with said mobile telephone
through at least one éarth orbit relay satellite.

12. In a cellular mobile telephone system in which system users
2 communicate information signals between one another via at least one
cell-site using code division multiple access (CDMA) spread spectrum
4 communication sigrials, a method for controlling transmission signal
‘power of a mobile telephone in said cellular mobile telephorie system,
6 wherein said mobile .ielephone has an antenna, transmitter and receiver,
' and each cell-site has an antenna, at least one transmitter and at least one
'8 receiver, and said mobile telephone communicates CDMA
' communication signals with at least two of said cell-sites, said method
10 comprising the steps of: |
measuring signal power in CDMA communication signals received
12 by said mobile telephone receiver; . '
' varying transmission signal power of each corresponding mobile
14 telephone transmitter in opposite correspondence to variations in
corresponding mobile telephone power measurements with respect to a
16. first predetermined power level; ‘
measuring signal power in each CDMA communication signal
18 received at said at least two cell-site receivers as transmitted from said
mobile telephone transmitter; .
20 generating power adjustment commands corresponding to
deviations in said at least two cell-site power measurements from a second
22 predetermined power level, wherein said power adjustment commands




fromthe cell-site control processor, with this command nodi fied at the
cell-site control processor by a comand fromthe system-conttToll
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Figure 5. Referring to Figure 4, at the nobile unit th uality of the

recei ved 15

®

data signal is measured in the formof data Trane errors
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below said second power level and indicative of a decrease in mobile
telephone transmitter power when each said fespective cefl-site measured
power is above said second power level; '

transmitting by said at least two cell-sites said respective power
adjustment commands along with said information signals to said mobile
telephone;

) receiving at each respective mobile telephone receiver said power

adjustment commands corresponding thereto;

decreasing transmission signal power of said mobile telephone
transmitter when said power adjustment commands as as transmitted by
at least one of said at least two cell-site and received at said mobile
telephone receiver system is indicative of a decrease in transmission
signal power of said mobile telephone transmitter; and |

for increasing transmission signal power of said mobile telephone
transmitter when said transmitted power adjustment commands as
transmitted by all of said at least two cell-site and received at said mobile
telephone receiver system are indicative of an increase in transmission
signal power of said mobile telephone transmitter. = ' '

13.  The method of Claim 12 wherein said step of generating
power adjustment commands corresponding to deviations in
corres_ponding 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 . X

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

14. The method of Claim 12 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

T
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t hereof. Various other techniques that are well known in the art may Db

used for indirectly or directly neasuring signal power LEpds
i ncl ude re-encoding the data and conparing with the F‘Eﬁ‘l%ﬁrm ;?CQESQP t ed
unde%t?om t hat

data for an indication of errors. It should further b
the power of the data signal itself may be nmeasured a d &édﬁﬁ?
I ndication of link quality. The frame error informatipnjis. provided.tio
processor 78. Processor 78 in response to a frane errpr rate exceeding ja
predeterm ned threshold | evel over a certan nunber of_franes . such-as-i5
frames, generates a power 30 i ncrease request nessage that i s output to
transmt mgdulgitqr csﬁteﬂ;s&aaabtnst eéx%ercﬁmmﬂmwc tioR &

s W
nmessage for transrgﬁiﬁrl an é? L c§|te It should be undegstood&t at the
syst em cont r ol3 B¢ f {eguency an

15. The method of Claim 14 furtlles comprisihg the step of
2 generating a first power measurement signal corresponding to said
measured signal power in CDMA communication signals received by said

4 mobile telephone receiver.

16. The method of Claim 15 wherein said step of varying
2 transmission signal power of said mobile telephone transmitter in
opposite cdrrespondence to variations in corresponding mobile telephone
4 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 correspondmg to a desired
8 mobile telephone transmitter power level;
providing a comparator output signal corresponding to a difference
10 between sa1d first power measurement signal and said first power. level set
sxgnal and . T
12 varying mobile telephone transrmtter gain according to said
' comparator. output sxgnal.

17. - A method for controlling trans:mssxon s1gnal power in a

2 cellular mobile telephone in communications with at least two 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
6 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 from at least two of
said cell-site stations and spread spectrum processing said received CDMA

10 communication signals according to an assigned spreading function so as
to recover a mobile user output information signal intended for a user of

12 said cellular mobile telephone, said from at least two of said cell-site
stations communicating power control commands in CDMA
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cell-site nodules may solicit a power |evel measurene al._the nmobile 35

units. Each nobile unit conmunicates its power |evel WB@W ?2“5.5 31
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the systemcontroller. In response thereto the system cpnt.Lo
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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 contemporaneously received
CDMA communication signals;

varying transmitter signal power in opposite correspondence to
variations in measured signal power about a predetermined power level;
and .' .

varying transmitter signal power in correspondence to received
power adjustment comman_ds by, decreasing transmitter signal power
when at least one of said at least two cell-site station transmitted power
adjustment commands as received at said receiver is indicative of a

decrease in transmitter signal power, and increasing transmitter signal

power when all of said at least two cell-site transmitted power adjustment
commands as received at said receiver are indicative of an increase in
transmitter signal power..

18.  The method of Claim 17 wherein said at least two cell-site
stations measures signal powerl 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 in CDMA communication
signals from said cellular mobile telephone received by at least one of said
at least two cell-site stations.

19. The apparatus of Claim 17 wherein said step of i_neasuring
combined signal power in contemporaneously received CDMA
communication signals further comprisés 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:
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herein may be applied to other enbodi nents w thout t

—+he-tnventive

he-use—of
faculty. Thus, the present invention is not intended FEPACEMENT SHERT tled to

t he enbodi nents shown herein, but is to be accorded tge-vvrdes 2
consistent with the princi pal s and novel features di Qd-’ab - 32
- CLAI M5 1. In a cellular nobile tel ephone system I'c eg]u ers
communi cate i nformation signals between one anot her v[]'a‘rm'l‘r-r‘m—e~ | {sites

usi ng code division nultiple access (CDVA) spread spectrum comuni cat fon

signals, a power control systemfor contd8l!ing

8 generating a first power level set signal corresponding to a desired
cellular mobile telephone transmitter power level;
10 comparing said first power measurement signal with said first
. power level set signal; '
12 providing a comparator output signal corresponding to a difference
between said desired cellular mobile telephone transmitter power level
14  and said measured signal power;
providing a corresponding limited comparator output signal; and
16 varying signal power of said transmitter in response to said limited
| comparator output signal. :
20. The apparatus of Claim 19 wherein said step of varying
2 transmitter signal power in correspondence to recexved power adjustment
commands comprises the steps of:
4 processing said power adjustment commands so as to provide a
power increase power adjustment command if contemporaneously
6 received power adjustment commands from all of said at least two cell-site
stations are mdxcatwe of an increase in transmitter signal power, and
_'8 provide a power decrease power adjustment command . if
contemporaneously received power adjustment commands from at least
10 oneof said at least two cell-sxte stat:ons are indicative of an increase in
* transmitter sxgnal power; '
12 ~accumulating said power increase and power decrease power
' adjustment'commands with respect to a predetermined gaiﬁ control level
14  setting; '
providing a power adjustment signal corresponding to said
16 accumulation of said processed power adjustment.commands with said
predetermined gain control level setting; and ' '
18 varying signal power of said transnutter in response to sa1d power
adjustment signal.
21.  In a cellular mobile telephone system in which system users
2 communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple
4

access (CDMA) spread spectrum communication signals between said
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transm ssi on signal power for each nobile tel epho
t el ephone system wherein each nobile tel ephone h sR&p{_Wﬂaquﬁars
and a receiver systemand each cell-site has an art apra—at..least “one

transm tter
conpri si ng:

recei ver system for neasuring signal power in
recei ved by said nobile tel ephone receiver syste
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mobile telephone system and at least two cell-site modules of a cell-site are
each in communication with a different rhebile ‘tetephione, a power
control system for adjusting cell-site module transmission signal power in
response to a power adjustment request from a mobile telephone, 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:

means for determining transmission signal quality, at a mobile

of

mobi | e
mtter

one
nal s
nment
bile
nmeans

telephone for CDMA communication signals intended for said mobile

telephone as transmitted from a cell-site module, with respect to a desired
signal quality level, for generating a power adjustment request when said
determined transmission signal quality is below said desired signal quality

level, and for communicating said power ad;ustment request to said

module;
means at said module for cbmmunicating said power adjustment
request to a system controller;

ineans at said system controller responswe to saxd power

a'djustment request for generating and communicating a power
adjustment _cdmxxiand to each module of said cell-site;

means at each cell-site module for receiving said power adjustment
command, said cell-site module responsive thereto for increasing
transmission signal power in CDMA communication signals to said
mobile telephone by a predetermined increment, and each other cell-site
module responsive thereto for reducing transmission signal power in
CDMA communication signals as communicated therefrom to a
corresponding mobile telephone in communication therewith by a
predetermined increment. '

e,
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| evel , for respectively increasing and decreasing transm ssi on Si gnal
of said corresponding nobile tel ephone transmtter; E%@A S é
power measurenment neans, each coupled to a respectlve C: ‘S ét

for measuring signal power in each CDMA communicatidn gnal d| rected
said respective cell-site receiver froma correspondi ng héb;i’%ﬁé 1587 eghc
transmtter in conmmunication therewth; a plurality jof{ power adjuster

power
dond
ver,
to

ne

t

command generator means, each coupled to a respectivie cell-site transtfitter

and correspondi ng second power mneasurened2 neans for
adj ust mrent commands corresponding to deviations in power neasurenents

sai d correspondi nggEecorth pawRE cﬁﬁﬁ%!”s?&’é rft?aﬁnfzﬁ%@re‘iﬁ%awceu-sue
predetermznedmp et | evel,, " said eis e cell-site tr

odule transmission signal power Increase increment 1s on the order of

about 1 dB and each other module transmission signal power decrease

4 increment is on the order of said module “transmissioft signal power

increase increment divided by n, where n is the number of other modules

6 in communication with a corresponding mobile telephone.

23. The power control system of Claim 21 wherein upon
2 adjustment of said module and other module transmission power, the
sum of cell-site module transmission power remains substannally the

4  same.

24.  The power control system of Claim 21 wherein said system
2 controller communicates a control message via at least one of said cell-site
modules to corresponding mobile telephones, each mobile telephone
4 means for determining transmission signal quality receiving said control
~ message and responsive thereto for generating a signal quality response
6 message and communicating said signal quality response message to each
corresponding module, said means at said module for communicé.ting
8 élso .communicating said signal quality response message to said system
- . controller, said system controller responsive to received signal quality
10 ' response messages for generating and communicating a second power
adjustment command command to each module of said cell-site and
- 12 wherein said means at each cell-sxte module for receiving said power
. adjustment command also receives said second power adjustment
14 command and is responsive thereto for adjusting transmission signal
power in CDMA communication signals to each mobile telephone by a

16 predetermined increment.
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transmtting said power adjustnent conmands, wherein said
commands are indicative or a request for at an increase in
transmtter power when said second power - 33 - neasurene
nmeasured power is bel ow said second power |evel and indicg
decrease in nobile tel ephone transmtter power when said g
measur enment neans neasured power isS QQ‘ye sai d second pows
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e
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e

t nmeans
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eciond pomer

r |evel; and

second power adjustnent nmeans, coupled to said nobile tel

one receiver

system and corresponding transnmtter, said second power
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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 site using -

code division multiple acess spread spectrum communication signals. The power control

system controls the transmission signal power for each cellular mobile telephone (16, 18)

in the cellular mobile telephone system wherein each cellular mobile telephone (16, 18)

. has an antenna, transmitter and receiver and each cellsite (12, 14) also has an antenna,

'~ transmitter and receiver. Cell-site transmitted signal power is measured as received at the

mobile unit. Transmitter power is adjusted at the mobile unit in an opposite manner with

respect to increases and decreases in received signal power. A power control feedback
scheme 'may also be utilized. At the cell-site communicating with the mobile unit, the
mobile unit transmitted power is measured as received a cell-site. A command signal is

generated at the cell-site and transmitted to the mobile unit for further adjusting mobile

unit transmitter power corresponding to deviations in the cell site received signal power. -

The feedback scheme is used to further adjust mobile unit transmitter power so that mobile

unit transmittted signals arrive at the cell-site at a desired power is adjusted to prevent

unnecessary increases in mobile unit transmitter power level.

FIGURE 1.




adj ust ment, neans responsive to said power adjustnent commands directed to
sai d respectl ve nobile tel ephone receiver system for decreasing
tansm ssion signal power of said nobile tel ephone t mmﬂ;,@m-\/\/@;@ﬁ ali d
power adjustnment conmands as transnmitted by at |eas said E li-site
and received at said nobile tel ephone receiver systgenjis indicativd gf a
decrease in transm ssion signal power of said nobil eﬁé!ptﬁt?ﬁe?ﬁg}'arsnitter
and for increasing transm ssion signal power of saiid hmhile telephdne
transmtter when said transmtted power adjustment jicommands as transrfitted
by all of said cell-sites and received at said nobi ile”t—ei_ephaae_.r.ec.m ver
systemare indicative of an increase in transm ssion signal power of said
nobi |l e tel ephone_transnmitter. 2. The power control systemof Caiml
wherein said fird@ g"o‘@\@M measurement nRans power nmeasle MRAMOTYERespond to

a sum of all P TN\ / CELL-SITES
SYSTEM
CONTROLLER
& SWITCH

2
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cont enpor aneously recei ved CDVMA conmuni cation signals within a
predeterm ned frequency band, and said first power neasurenent neans is
further for generating and providing a corresponding first power
measurenent signal to said corresponding first power adjustnent neans. 3.
The power control systemof Claim2 wherein said first power adjustnent
means conprises: conparator neans for receiving said first power
measurenent signal and.a first power |evel set signal, said first power

| evel set signal correspondlng to a desi2red mobile telephone transmtter
power |level, for conparing said first power neasurenent signal with said
first power |evel set signal, and for providing a corr di ng conpar at or

out put signal: and | REPLAGEMENT SL';:‘“

"“-----«.‘...-».-—.,.
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-34- variable gain anplification neans operatively coupled to said nobile
tel ephone transmtter for receiving said conparator output signal and
responsi ve thereto for varying transm ssion signal power of said

correspondi ng nobil e tel ephone transmtter. 4. The power control system
of Caiml wherein said cell-sites are terrestrially | ocated and define a
correspondi ng service area. 5. The power control systemof Caiml
wherein said cell-sites conmunicate with said nobil e_tel ephones through at
| east one earth orbit relay satellite. 6. An appar ~-l-L..ng
transm ssion signal power in a 3 /W‘:ENE Q‘*@Ef‘:}“ t

I

; 14 APR 1997

MOBILE
UNIT

TRANSMIT
POWER

DISTANCE = ' ~— —

CELL-SITE |
RECEIVED
SIGNAL
POWER

DISTANCE —

FIG.2D



cel | ul ar
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nobi | e tel ephone with said receiver providing an output of said power
control commands, said apparatus conprising: measurenment neans for,
operatively coupllng to said receiver, measuring conbin al pomer in
cont enpor aneously recei ved CDVA connunlcatlon signals a dREp@ymgﬁ&g

nmeasurenent signal indicative of neasured signal power;
"""""-'-\-«-.......,_._
receivin a|d neasur ement

for, operatively coupling to said transmtter,
signal, varying transmtter signal power %n opposite cofres dhd ﬁbéﬁ?o
variations in measured signal power about“a -35 -
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predet er mi ned power | evel;

and addi ti onal

adj ust rent neans for,

operatively

coupling to said receiver and transmitter, receiving sai ¢—paower _adj ust ment

conmands,

power ,

decreasing transnmtter signa
| east two cell-site station transmtted power adjustnent
received at said receiver is indicative of a decrease injt
and for increasing transmtter signal
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of an fncrease and a decrease in said cellular nobile tel ephone signal

power so as to mamintain a predeterm ned power |evel in CDMA conmunication
signals fromsaid cellular nobile tel ephone received by at |east one of
said at least two cell-site stations. 8. The apparatus of Claim6 wherein
sai d adjustnment neans conprises: conparator mnmeans for fafe) ~enent
signal and'a first power |evel set signal, said first ig ¥?§§EE?I
corresponding to a desired cellular nobile tel gphpne Tra
power |evel, for conparing said first power.,reasurenent S|gaa§?Qﬂg§ns [
first power level set signal, and for provialng a corregpondi ng conpaf afor
out put signal; variable gain anplification neans, opegatively CO
said transmitter, for receiving said conparator output_sj

responsi ve

si gnal
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thereto for varying signal power of said transmtter. 9. The appar at us
of :Cl ai‘'m 8 wherein said additional adjustnent nmeans conprises: processor
means for, receiving said power adjustnment comuand ccunul ating said
power adjustnment commands with a predeterm ned gai [
and pfoviding a corresponding power - 36- adj ust
addi ti onal—variabl e gain anplificatizn. means, operptfvely cou

transm tter ”I" ii“é"l’"‘\‘n ng-sai d -power adj ust ment di ghal BaBQT 1997

CLAIMS

L. In a cellular mobile telephone system in which system users
communicate information signals between one another via multiple
cell-sites using code division multiple access (CDMA) spread spectrum
communication signals, a power control system for controlling
transmission signal power for each mobile telephene in said celludar

| mobile telephone svstem. wherein each mobile teiephone has an antenna,
transmitter and 2 receiver system and each ceil-site has an antenna, at least
one transmitter and at least one receiver, said power control svstem
comprising: .

first power measurement means, coupled to a mobile telephone
receiver system, for measuring signal power in CDMA communication
:signals received by said mobile telephone receiver system;

first power adjustment means, coupled to a mobile telephone
transmitter and corresponding mobile telephone first power
measurement means, said first power adjustment means responsive to
decreasas 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 transmissior signal power
of said corresponding mobile telephone transmitter;

a plurality of 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;

a plurality of power adjustment command generator means, each
coupled to a respective cell-site transmitter and corresponding second
power measurement means for, generating power adjustment commands
co'rreSponding 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 adjusiment commands. wherein said power
adjustment commands are indicative o¢ a request {or at an increase in
mobile telephone transmitter power when said second power



responsi ve thereto for varying signal power of said transmtter. 10. The
power control systemof Claim6 wherein at | east one of .said two cell-site
stations are terrestrially |ocated and define a correspondi ng service area.
11. The power control systemof Claim6 wherein at |east one of said two
said cell-site stations communicate with said nobile tel ephone t hrough at
| east one earth orbit relay satellite. 12. 1In a cel nobi | e tel ephone

systemin which system users comunj gate infornmation W ne
anot her wi-a-at-l-east—one-cell-site ug?ng code di vi si OREQB?‘J{ gﬁ%‘:{
(CDVR) spr m uni cation signals, a nethod for control
transm ssi 3 u“mﬂﬁlnumwm a nobil e tel ephone in $aild k&lﬂ.’aﬂ 49570 | e
t el ephone systém Lwhtr €i n *sai d nobil e tel ephone has aAu.an.L_e,,rmg___ transpmtter
and recei ver, L

measurement means measured power is below said second power level
and indicative of a decrease in mobile telephone transmitter power when
said second power measurement means measured power is above said
second power level; and
second power adjustment means, coupled to said mobile telephone
receiver system and corresponding transmitter, said second power
adjustment means responsive to said power adjustment commands
directed to said respective mobile telephone receiver system, for
decreasing transmission signal power of said mobile telephone transmitter
when said power adjustment commands as transmitted by at least one of
_said cell-site and received at said mobile te!.ephone receiver system is
~ indicative of a decrease in transmission signal power of said mobile
telephone transmitter and for increasing transmission signal power of said
mobile telephone transmitter when said transmitted power adjustment
commands as transmitted by all of said cell-sites and received at said
mobile telephone receiver system are indicative of an increase in
transmission signal power of said mobile telephone transmitter.

2.  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 me'asurement means
is further for generating and providing a corresponding first power

" measurement signal to said corresponding first power adjustment means.

3.  The power control system of Claim 2 wherein said first power
‘adjustment means comprises:

comparator means for receiving said first power measurement
signal 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 ourput signal;
and



and each cell-site has an antenna, at
one receiver,

| east one transmtter

and at
and said nobile tel ephone comuni cates CDMA communi cati on

| east

signal’'s with at |east two of said cell-sites, Sad-ethod-compr+sing the
steps of: neasuring signal power in CDVA com‘runi REPLADEMENGNGHIEETr ¢cei ved by
said nobil e tel ephone receiver; varying transmijssg ' ~poyerl of each
correspondi ng-+mbil-e-tel ephone transmtter in gp os%& e?rggppd)nﬂence to
variations in bile I _ephone pgweyr agﬁ'rement $ Wth
respect to a mﬂmmﬁmﬂaumm‘ged po | evel ; neastri+ng-sitgrat— power in
each CDMA conmmuni taty om ssgnal recei ved at said at least two cellj-site

receivers as transmtted fromsaid nobile tel ephome~transnitTer;

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

4. The power control system of Claim 1 wherein said cell-sites
are terrestrially located and define a corresponding service area.

3. The power control system of Claim 1 wherein said cell-sites
cormunicate with said mobile telephones through at least one 2arth orbit
relay satellite.

6. An apparatus for controlling transmission signal power in a
" cellular mobile telephone in communications having a plurality of
cell-site stations using code division multiple access (CDMA) spread
spectrum communication signals, said cellular mobile telephone having
an antenna coupled to a fransmitter 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 from at least two of said cell-site stations .and spread 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 at least two cell-sité~stations 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 recewen

measuring combined signal power in contemporaneously received CDMA,

communication signals and providing a measurement signal indigaﬁve of
measured signal power;

adjustment means for, operatively coupling to said transmitter,
receiving said measurement signal, varying ansmitter signal power in
opposite correspondence to variadons in measured signai power abour a



generati ng power adjustment conmmands corresponding to deviations in said at
| east two cell-site power neasurenents froma second predeterm ned power

| evel . wherein said power adjustnment commands Eér‘r are—nti-eati ve of a
request for-at -an-i ncrease i-n-nobile tel ephone traﬁ AQEME ofBEETMien each
sai d respecti l mlﬁumﬂnured power is bel ow gal d secondpoyern | evel
and i ndicati ngmu!lm n nobile tel ephone t rjank g gg@rgc@pww when
each said respectitvetcell -5it'e meas%%ed power i s falove said secmd power

| evel ; transmitting by said at |easttwo cell-sifes said respec VE power

predetermined power level; and

additional adjustment means for, operatively coupling to said
receiver and transmitter, receiving said power adjustment commands,
decreasing transmitter signal power when at feast one &f #uid at least two -
cell-site station transmitted power adjustment commands as received at’
said receiver is indicative of a decrease in transmitter signal power, and for
increasing transmitter signal power when all of said at least two cell-site
transmitted power adjustment commands as received at said receiver are
indicative of an increase in transmitter signal power.

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

8. The apparatus of Claim 6 wherein said adjus®ment 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;

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

9. The apparatus of Claim 8 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



adj ust mrent commands along with said information signals to said nobile
t el ephone; receiving at each respective nobile tel ephone receiver said
power adj ustnment comands correspondi ng thereto; decreasing transm ssion
signal power of said nobile tel ephone transmtter when said power

adj ust ment conmands as as transmtted by at |eas (5@@&)@ dat: 'r}east t wo

cel | -site-and-recei ved at said nobil e tel ephone ¢ M%@E%&T

i ndi cati ve ease—in transm on signal pojer of Said bijl e

t el ephone JM@m iﬁﬂﬂmm i ncreasing transnissijon] si gn8LTpi8Rr jofl said
nmobi | e tel ephenes er when said transm ttjed,_power adj ust grent

commands as transnitted By: al | of said at |east jtwo cell-sité and|recei ved

at said nobile tel ephone receiver systemare indigcative of an | Nclease in

transm SSI on.

adjustment signal; and

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

10.  The power control system of Claim 6 wherein at least one of
said two cell-site stations are terrestrially located and défine a
corresponding service area.

11.  The power control system of Claim & wherein at least one of
said two said cell-site stations communicate with said mobile telephone
through at least one earth orbit relay satellite.

12, 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 of a mobile telephone in said cellular mobile telephone system,
wherein said mobile telephohé has an antenna, transmitter and receiver,
+ and each cell-site'has an antenna, at least one transmitter and at least one
receiver, and said mobile telephone communicates CDMA
communication signals with at least two of said cell-sites, said method
comprising the steps of:

measuring signal power in CDMA communication signals received
by said 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 said at least two cell-site receivers as transmitted from said
mobile telephone transmitter;

generating power adjustment commands correspondmg to
deviations in said at least two cell-site power measurements from a second
predetermined power levei, wherein said power adinstment commands



signal power of said nobile tel ephone transmitter. 13. The nmethod of Caim
12 wherein said step of generating power adjustnent conmands correspondi ng
to deviations in corresponding cell-site power N [odm a
second predeterm ned power |evel corprises the &Eﬁigéﬁ%‘\én@gﬁ g a
power -up conmmand in.response to a decrease in a pofresponding cegllf-site

power rreasur econd predet er m ned] ppwéig 1§dietds7and
generating a {w m;m &&ﬂ;'nd i n_r@sponse to a ncrease in a
correspondi ng <ce measur ement from shi d second pr edet gr m ned
power |evel. 14. The nethod of Claim 12 wherein{in said step of rneasuring

signal power in CDMA conmmuni cation signals received by each respective

=

are indicative of a request for at an increase in mobile telephone
transmitter power when each said respective cell-site measured power is
below said second power level and indicative of a decrease in mobile
telephone transmitter power when each said respective cell-site measured
power is above said second power level;
transmitting by said at least two cell-sites said respective power
adjustment commands along with said information signals to said mobile
telephone;
- receiving at each respective mobile teiephone receiver said power
adjustment commands corresponding thereto;
decreasing transmission signal power of said mobile telephone
transmitter when said power adjustment commands as as transmitted by
‘at least one of said at least two cell-site and received at said mobile .
 telephone receiver system is indicative of a decrease in transmission
signal power of said mobile telephone transmitter; and
increasing transmission signal power of said mobile telephone
transmitter when said transmitted power adjustment commands as
transmitted by all of said at least two cell-site and received at said mobile
telephone receiver system are indicative of an increase in transmission
signal power of said mobile telephone transmitter.

13. The method of Claim 12 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.

14. The method of Claim 12 wherein in said step of measuring
signal power in CDMA communication signals received by each respective
mabile telephone receiver, measured signal power corresponds to a sum



nobi | e tel ephone receiver, measured signal power corresponds to a sum
-38 - of all conterrporaneousl y received CDMA communi cation signals within a

predeterm ned frequency band. 15. The net hod of
ONTHHAL-Ca [
e t afm 15
@fﬁgéﬁgé?m) ie

conprising the step of generating a first power
corresponding to said neasured signal power in
recei ved by--sai-d-nobite-telephone receiver. 16.

i S s = o

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

15. The method of Claim 14 further comprising the step of
generating a first power measurement signal corresponding to said
measured signal power in CDMA communication signals received by said
mobile telephone receiver.

1. The method of Claim 15 wherein said step of varying
transmission signal power of said 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 gam according to said
comparator output signal.

17. A method for controlling transmission signal power in a
cellular mobile telephone in communications with at least two 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 from at least two of
said cell-site stations and spread spectrum processing said received COMA"
communication signals according to an assigned spreading function so as
to recover a mobile user output information signai intended for a user of
said cellular mobile telephone, said from at least two of said cell-site
stations communicatine nower control ecammande in CIMA



opposite correspondence to variations in correspondi ng nobile tel ephone

nmeasurenments with respect to a first predeterm ned power |evel

conprises the steps of: conparing said first power neasurenent signal
a first power |evel set signal, said first power |evel set signal

corresponding to a desired nobile tel ephone tr

itter power |evel;

providing a conparator output signal correspongi A g Ffere
sai d first_power neasurenment--si gnal \nd said f AEp @6\@1’5 T&EETS
and varying transm tter gain
Si gnaﬂm"}m“ n!!ﬂg['mﬂ for controlling tj §|§‘Qn§a? ponal
cel l ul ar nobi ke teliepMoné i h conmuni cati ons wijt | east Twofcell-site

communication signals intended for said cellular mabile 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 contemporaneously received
CDMA communication signals;
varying transmitter signal power in opposite correspondence to
variations in-measured signal power about a predetermined power level;
and

varying transmitter signal power in correspondence to received
power adjustment commands by, decreasing fransmitter signal power
when at least one of said at least two cell-site station transmitted power
| adjustment commands as received at said receiver is indicative of a
decrease in transmitter signal power, and increasing transmitter signal
power when all of said at least two cell-site transmitted power ad;ustmeqt

commands as received at said receiver are indicative of an increase in
transmitter signal power.

18. The method of Claim 17 wherein said at least two cell-site
stations 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 sa
as to maintain a predetermined i:ower level in CDMA. commurication
signals from said cellular mobile telephone received by at least one of said
at least two cell-site stations.-

19. The method of Claim 17 wherein said step of measuring
combined signal power in contemporaneously received CDMA
communication signals further comprises the step of generating 2
measurement signal indicative of measured signal power, and whaerein
said step of varying transmitter signal power in opposite cor.espondence
to variations in measured signal power about a predetermined power
level comprises the steps of:

e bet ween
t signal;
Hd jconpar at or
power i



station using code division multiple access (CDVA) spread spectrum
communi:cation signals, said cellular nobile tel eph an_ant enna
coupled to a transmtter and a receiver, said tran nﬁERMCEWN,

and transmtting a CDVA carrier signal accor di ng t
function nodtt-ated-by—-a-mobil.e_user input informatfo

for receiving mlm n signals fromat |
cell-site stat ’mmmg @Hmpectr processi ng sal
15

comuni cati on sifgn&al st acic

recover

cellular nobile tel ephone, said fromat |least two of said cell-site

a nobil e user output information signal intendé

stations Comnérr]t'e?aauné) 1 ﬁrs‘@epovsgrnfevei sgé’?&?&’ co'r:rrzasggming to a desired

cellular mobile telephone transmitter power level;

comparing said first power measurement signal with said first
power level set signal;

providing a comparator output signal corresponding to a difference
between said desired cellular mobile telephone transmitter power level
and said measured signal power;

providing a corresponding limited comparator output signal; and

varying signal power of said transmitter in response to said limited
comparator output signal.

20. The method of Claim 19 wherein said step of varying
transmitter signal power in correspondence. to recewed power adjustment

commands comprises the steps of:

processing said power adjustment commands so as to provide a
power increase power adjustment command if contemporaneously
received power adjustment commands from all of said at least two cell-site
stations are indicative of an increase in transmitter signal power, and
provide a power decrease power adjustment command if
contemporaneously received power adjustment commands from at least
one of said at least two cell-site stations are indicative of an increase in
transmitter signal power;

accumulating said power increase and power decrease power
adjustment commands with respect to a predetermined gain control level

setting;

providing a power adjustment signal corresponding to said
accumulation 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.

21.  In a cellular mobile telephone system in which system users
communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple
access (CDMA) spread spectrum communication signals between said

IAg to a aSS|gned spiieadi ng function s¢ as to



-39- communication signals intended for said cellular nobile tel ephone with
sai d recei ver processing said received power control commands and providing
an output of said power control conmands, sai ¢g~#ethod conpr|5|ng t he steps
of : measuring conbined signal power in conte uoﬁﬁnggg S ed CDVA

comuni cation signals; varying transmtter sign fb'O| te
correspondence.to variations in neasured sign p pr edet er m ned
power |evel; and, yar rﬁgixansmtte S|gnal * ‘%3?%3[3 ndence to
recei ved power ;m,,’ m}n]fnds decr egsi 4i gnhal power

22.  The power control system of Claim 21 wherein said cell-site
module transmission signal power increase increment is on the order of
about 1 dB and each other module transmission signal power decrease
increment is on the order of said module transmission signal power
increase increment divided by n, where n is the number of other modules
in communication with a corresponding mobile telephone.

23. The power control system of Claim 21 wherein upon
aa;ustmeﬂt of said module and other module transmission power, the

sum of cell-site module transmission power remains substantially the
same. ' '

| 24 The power control system 6f Claim 21 wherein said system

.. controller communicates a control message via at least one of said cell-site
modules to correspondmg mobile telephones, each mabile telephone
means for determining transmission signal quality receiving said control
message and responsive thereto for generating a signal quality response
message and communicating said signal quality response message to each
corresponding module, said means at said module for communicating
also communicating said signal quality response message to said system
controller, said system controller responsive to received sigmal quality
response messages for generating -ahd communicating a second power
adjustment command command to each module of said cell-site and

- wherein said means at each cell-site module for receiving said power
adjustment command also réceives said second power adjustment
command and is responsive thereto for adjusting transmission signal
power in CDMA communication signals to each mobile telephone by a
predetermined increment.

25. In a cellular mobile telephone system in which system users

' .communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple
access (CDMA) spread spectrum communication signals between said
cell-sites and mobile telephones. wherein each cell-site has a plurality of
modules for communicating with mobile telephones in said cellular



adj ust.nent commands as received at said receiver
decrease in transmtter signal power, and increasj Tter st
power when all of said at |east two cell-site tr %%FM@%\NSHE
commands as regej_ueci at. 5ai_d .Leceiver are indicatfive of an 1NcCrTea se
transmtter The met hod of C aijm17{ g¢h8L8i B3P aid
two cell-sit ﬂm}Hm mies sign power of gaild cel |l ular nobil
t el ephone transm

transm ssion said power adjustnent comrands indi datve of one of an
and a decrease in said cellular nobile tel ephone signal power so as to

mai nt ai n &(edeterm ned power |evel in CDVMA. comrunication signals from
said cePt

| east one or said at least two cell-site station transmtted power

is indicative of a

comuni cat? on signal s jJand generat es tor

telaphoae tsystgsnone powteri cardrdly spstefredeor adilestistg selldite
module transmission signal power in response to a power adjustment
request from a mobile telephone, 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:
means for determining transmission signal quality, at a mobile

telephone for CDMA communication signals intended for said mobile
telephone as transmitted from a cell-site module, with respect to a desired
signal quality level, for generating a power ad;ustment request when said
determined transmission signal quahty is below said desired signal quality
level, and for communicating said power adjustment request to said
module; and ]
' means for increasing module transmission signal power in CDMA

communication signals transmitted to said mobile telephone by a
predetermined increment in response to said power adjustment request.

26. The power control system of Claim 21 wherein said module

transmission signal power increase increment is on the order of about
1dB.

gnal

ust nent
in

at | east

e

i Nncr ease



at least two cell-site stations. 19. The nethod of Caim 17 wherein said
step.of neasuring conbined signal power in contenporaneously received CDVA
comuni cation signals further conprises the step of generating a

measur enent signal indicative of neasured signal power, and wherein said
step of varying transmtter signal power in oppqsite correspondence to

variations in nmeasured signal power _agout a prede ' vel
conprises the steps of: - 40 - generating a flfmllm IIWWH“ ﬁet si gnal
* c L M s *

corresponding to a desired

CLAIMS

L. Ina cellular mobile telephone system in which system users
communicate information signals between one another via multiple
cell-sites using code division multiple access (CDMA) spread spectrum
communication signals, a power control system for coatrolling
transmission signal power for each mobile telephcne in said cellular
mobile telephone system. wherein each mobile telephone has an antenna,
transmitter and 2 receiver system and each cail-site has an antenna, at least
one transmitter and at least one receiver, said power control svstem
comprising: .

first power measurement means, coupled to a mobile telephone
receiver system, for measuring signal power in CDMA communication
'signals received by said mobile telephone receiver system;

first power adjustment means, coupled to a mobile telephone
transmitter and corresponding mobile telephone 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;

a plurality of 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;

a plurality of 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 respectivé cell-site transmitter
transmitting said power adjustment commands. wherein said power
adjustment commands are indicative of a request for at an increase in
mobile telephone transmitter power when said second power



cellular nobile tel ephone transmtter power |evel; conparing said first
power neasurenent signal with said first power |evel set signal; providing
a conparator output signal corresponding to a difference between said
desired cellular nobile tel ephone transmtter power |evel and said neasured
signal power; providing a corresponding limted conparator output signal;
and varying signal power of said transmtter in response. to.saké-1-irmted

conpar ator output signal. 20. The ogghod of daim ' MLstep of
varying transmtter signal power in correspondence.“@‘ﬁmgﬂmmﬁ r
adj ust mrent commands conprises the steps of: process said powkr ¥

adj ust nent commands so as to provide a

measurement means measured power is below said second power level
and indicative of a decrease in mobile telephone transmitter power when -
said second power measurement means measured power is above said
second power level; and

second power adjustment means, coupled to said mobile telephone
receiver system and corresponding transmitter, said second power
adjustment, means responsive to said power adjustment commands
directed to said respective mobile telephone receiver system, for
decreasing ransmission signal power of said mobile telephone transmitter
when said power adjustment commands as transmitted by at least one of
_said cell-site and received at said mobile telephone receiver system is
indicative of a decrease in transmission signal power of said mobile
telephone transmitter and for increasing transmission signal power of said
mobile telephone transmitter when said transmitted power adjustment
commands as transmitted by all of said cell-sites and received at said
mobile telephone receiver system are indicative of an increase in
transmission signal power of said mobile telephone transmitter.

2. 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.

3.  The power control system of Claim 2 wherein said first pawer
‘adjustment means comprises:

comparator means for receiving said first power measurement
signal 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
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power increase power adjustnent comrand if contenporaneously received power
adj ust nrent commands fromall of said at |east two cell-site stations are

i ndicative of an increase in transmitter signal power, and provide a power
decrease power adjustment command if contenporaneously received power

adj ust rent commands from at | east one of said "'?5| te
stations are indicative of an increase in tran:raﬂngmmglﬁm
accunul ating said power increase andygpower decrease po

commands with respect to a predetermned gain control |evel setti ng,
provi di ng a power adjustment signal corresponding to said accunul ati on of

sai d processed power adjustnent commands with said predeterm ned gain
control level setting; and

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

4. The power control system of Claim 1 wherein said cell-sites
are terrestrially located and define a corresponding service area.

3. The power control system of Claim 1 wherein said cell-sites
communicate with said mobile telephones through at least one earth orbit
relay satellite.

_ 6. An apparatus for controlling transmission signal power in a
" ‘cellular mobile telephone in communications having a plurality of
cell-site stations 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 from at least two of said cell-site stations .and spread 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 at least two cell-sité~stations 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 indigative 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 abour a



varying signal power of said transmitter in response to said power
adjustnent signal. 21. In a cellular nobile tel ephone systemin which
system users comruni cate i nformation signals between one another via a
system control |l er and through at | east one cell-site_using.-coede- division

mul ti ple access (CDMA) spread spectrum conmuni t ween said
-41- 22.  The power control systemof Caim lemm‘a“mﬂgﬂ“ﬂm | -site
nodul e transm ssion signal power |n03rease i ncr Ntc 1's on tshe *order of
about 1 dB and each ot her nodul e transm ssion signal power decrease

predetermined power level; and

additional adjustment means for, operatively coupling to said
receiver and transmitter, receiving said power adjustment commands,
decreasing transmitter signal power when at least one of #aid at least two -
cell-site station transmitted power adjustment commands as received at’
said receiver is indicative of a decrease in transmitter signal power, and for
increasing transmitter signal power when all of said at least two cell-site
transmitted power adjustment commands as received at said receiver are
indicative of an increase in transmitter signal power.

7. The apparatus of Claim 6 wherein each of said at least two
cell-site stations measures signal power of said cellular mobile telephone
transmitted CDMA communication signals and generate§ for
transmission said power adjustment commands indicative of at least one
of an increase and a decrease in said cellular mobile telephone signal
power so as to maintain a predetermined power level in CDMA
communication signals from said cellular mobile telephone received by at
least one of said at least two cell-site stations.

8.  The apparatus of Claim 6 wherein said adjus“ment 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;

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

9. The apparatus of Claim 8 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



I's on the order of said nodule transm ssion signal power increase
I ncrenment divided by n, where n is the nunber of other nodules in

comuni cation with a correspondi ng nobil e tel ephone. 23. The power control
system of Claim 21 wherein upon adjustnment of said nodule and other
modul e transm ssion power, the sumof cell-site nodule T ansn ssiqn power
remai ns substantially the sane. 24. The power contro‘ m t“ ﬂhﬁlﬁ 21
wherein said systemcontroll er commupizgates a contr ol sal 1 east
one of said cell-site nodules to correspondi ng nobile tel ephones, each

nobi | e tel ephone means for determning transm ssion signal quality
receiving said control nmessage and responsive thereto for generating a
signal quality response nessage and communi cating said signal quality

response naeabjﬂagnemosigﬁﬁf} and
ad 1y . « . pe
o e tchtmna.l variable gain amplificaon means, operatively coupled
. . ransmitter, for receiving said power adjustment signal and
ponsive thereto for varying signal power of said transmitter, '-

i ncr ement

10. i
cid The .power control system of Claim 6 wherein at least one of
. wo .cell-sxte stations are terrestrially located and défine 1
corresponding service area,

11.
caid o 'The power control system of Claim 6 wherein at Jeast one of
= © said cell-site stations communicate with said mabile telephone
ough at least one earth orbit relay satellite.

12: In a cellular mobile telephone system in which system users
comn:mmcate information signals between one another via a;t least or;e
cell-site Tzsing code division multiple access (CDMA) spread spectrum
commurication signals, a method for controlling transmission signal

: power. of a mobile telephone in said cellular mobile telephone system
wherein said mobile telephone has an antenna, transmitter and receiver’

- and .each cell-site'has an antenna, at least one transtitter and at least 'one’
recelver‘, and said mobile telephone communicates CDMA
commfn.ur:ation signals with at least two of said: cell-sites, said method
comprising the steps of:

- measuring signal power in CDMA communication signals received
by said mobile telephone receiver; ‘
te1eph;r:;y::rint:;nis:ﬁssfonﬂ'éignal. power of each corresponding mobile

€f In opposite correspondence to variations in
c-orresponding mobile telephone power measurements with respect to a
first predetermined power level;

_ measuring signal power in each CDMA communication signal
received at said at least two cell-site receivers as transmitted from said
mobile telephone transmitter:

. .gene.rating power adjustment commands coz'-respor'tding to
deviations in said at least two cell-site power measurements from a second
predetermined power levei, wherein said power adijustment commands
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correspondi ng nodul e, said neans at said nodul e for conmunicating al so
comuni cating said signal quality response nessage to said system
controller, said systemcontroller responsive to received signal quality
response nmessages for generating and conmmuni cating a second power

adj ust mrent command conmand to each nodul e of sai.d..cell--si-te-and wherein

said neans at each cell-site nodule for receivi 'M“Mﬁmust ment
comand al so receives said second poger adjust n’&“\m‘u LY s
responsive thereto for adjusting transm ssion signafF power i'n CDVA

comuni cation signals to each nobile tel ephone by a predeterm ned
increment. 25. In a cellular nobile tel ephone systemin which system users
comuni cate i nformation signals between one another via a systemcontroller

and throygn j3lyid 8R%" 4§ ?gcllﬁéssti £ YUY 99 62925 Vi AT ttcialglpﬁone

transmitter power when each said respective cell-site measured power is
below said second power level and indicative of a decrease in mobile
telephone transmitter power when each said respective cell-site measured
power is above said second power level;

transmitting by said at least two cell-sites said respective power
adjustment commands along with said information signals ta said mobile
telephone;

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

decreasing transmission signal power of said mobile telephone
transmitter when said power adjustment commands as as transmitted by
at least one of said at least two cell-site and received at said mobile
telephone receiver system is indicative of a decrease in transmission
signal power of said mobile telephone transmitter; and

increasing transmission signal power of said mobile telephone
transmitter when said transmitted power adjustment commands as
transmitted by all of said at least two cell-site and received at said mobile
telephone receiver system are indicative of an increase in transmission.
signal power of said mobile telephone transmitter.

13. The method of Claim 12 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.

4. The method of Claim 12 wherein in said step of measuring
signal power in CDMA communication signals received bv each respective
mobile telephone receiver, measured signal power corresponds to a sum



access (CDVA) spread spectrum commruni cation signals between said cell-sites
and nobil e tel ephones. wherein each cell-site has a plurality of nodul es
for conmunicating with nobile tel ephones in said cellular -42 - nobile

t el ephone system a power control system for adjusting.cell:site nodule

transm ssion signal power in response to a power froma
nobi | e tel ephone, wherein each nobile tel ephone has”m“gm Hgﬂgzﬂm%m tter
and receiver and each cell-site has_gg _antenna, at |east anestrt
and at |east one receiver, said powel control system conprising:

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

15.  The method of Claim 14 further comprising the step of
generating a first power measurement signal corresponding to said
measured signal power in CDMA communication signals received by said
mobile telephone receiver.

1. The method of Claim 15 wherein said step of varying
transmission signal power of said mobile telephone transmitter in
opposite correspondence to variations in corresf:onding 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 accordmg to said
comparator output signal.

17. A method for controlling transmission signal power in a
cellular mobile telephone in communications with at least two cell-site
station using code division.multiple access (CDMA) spread spectrum
communication signals, said cellular mobile telephone having an anterna
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 from at least two of
said cell-site stations and spread 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 from at least two of said cell-site
stations communicating opower control commande in CNMA



means for determ ning transm ssion signal quality, at a nobile tel ephone
for CDVA conmuni cation signals intended for said nobile tel ephone as

transmtted froma cell-site nodul e,

-quality level, for generating a power adjustnent request when said
determ ned transm ssion signal qualiy is bel ew-sar¢e-destred-si-gnal

| evel
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communi cation signals transmtted 1

sai d nobil e*t €l ephohe by "a

with respect to a desired signal

qual ity
nodul e;

predeterm ned increment in response to said power adjustment request. 26.

The power control

si gnal

power increase increnent is on the order of about 1 dB.

commurnication 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 contemporaneously received
CDMA comununication signals;

varying transmitter signal power in opposite correspandence to
variations in- measured signal power about a predetarmined power level;
and

varying transmitter signal power in correspondence to received
power adjustment commands by, decreasing fransmitter signal power
‘when at least one of said at least two cell-site station transmitted power
adjustment commands as received at said receiver is indicative of a
decrease in transmitter signal power, and increasing transmitter signal
power when all of said at least two cell-site transmitted power ad;ustmefxt
commands as received at said receiver are indicative of an increase in
transmitter signal power.

18. The method of Claim 17 wherein said at least two cell-site
stations 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 in CDMA communication
signals from said cellular mobile telephone received by at least one of said
at least two cell-site stations." '

19. The method of Claim 17 wherein said step of measuring
combined signal power in contemporaneously receivad CDMA
communication signals further comprises the step of generatma’ a
measurement signal indicaive of measured signal power, and whereint
said step of varvxng transmitter signal power in opposite corr espondence
to variations in measured signal power about a predetermmed power
level comprises the steps of:

systemof Claim21 wherein said nodule transm ssion
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generating a first power level set signal corresponding to a desired
cellular mobile telephone transmitter power level;

comparing said first power measurement signal with said first
power level set signal;

providing a comparator output signal corresponding to a difference
between said desired cellular mobile telephone transmitter power level
and said measured signal power;

providing a corresponding limited comparator output signal; and

© varying signal power of said transmitter in response to said limited

comparator output signal.

20. The method of Claim 19 wherein said step of varying
transmitter signal power in correspondence. to recexved power adjustment
; commands comprises the steps of:
' processing said power adjustment commands so as to provide a
power increase power adjustment command if contemporaneously
received power adjustment commands from all of said at least two cell-site
stations are indicative of an increase in transmitter signal power, and
provide a power decrease power adjustment. command if
contemporanecusly received power adjustment commands from at least
one of said at least two cell-site stations are indicative of an increase in
transmitter signal power;

accumulating said power increase and power decrease power
adjustment commands with respect to a predetermined gain control level
setting;
' providing a power adjustment signal corresponding to said
accumulation 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.

21, In a cellular mobile telephone system in which system users
communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple
access (CDMA) spread spectrum communication signals between said
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22.  The power control system of Claim 21 wherein said cell-site
module transmission signal power increase increment is on the order of
about 1 dB and each other module transmission signal power decrease
increment is on the order of said module transmission signal power
increase increment divided by n, where n is the number of other modules
in communication with a corresponding mobile telephone.

23. The power control system of Claim 21 wherein upon
adjustment of said module and other module transmission power, the

sum of cell-site module transmission power remains substantially the
same. '

24.  The power control system 6f Claim 21 wherein said system
.. controller communicates a control message via at least one of said cell-site
modules to correspbnding mobile telephones, each mobile telephone
means for determining transmission signal quality receiving said control
message and responsive thereto for generating a signal quality response
message and communicating said signal quality response message to each
corresponding module, said means at said module for communicating
also communicating said signal quality response message to said system
controller, said system controller responsive to received signal quality
response messages for generating -ahd communicating a second power
adjustment command command to each module of said cell-site and
wherein said means at each cell-site module for receiving said power
adjustment command also réceives said second power adjustment
command and is responsive thereto for adjusting transmission signal
power in COMA communication signals to each mobile telephone by a
predetermined increment.

25. In a cellular mobile telephone system in which system users
' communicate information signals between one another via a system
controller and through at least one cell-site using code division multiple
access (CDMA) spread spectrum communication signals between said
cell-sites and mobile telephones. wherein each cell-site has a plurality of
modules for communicating with mobile telephones in said cellular
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mobile telephone system, a power control system for adjusting cell-site
module transmission signal power in response to a power adjustment
request from a mobile telephone, 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: .

means for determining transmission signal quality, at a mobile
telephone for CDMA communication signals intended for said mobile
telephone as transmitted from a cell-site module, with respect to a desired
signal quality level, for generating a power ad;ustment request when said
determined transmission signal quality is below said desired signal quality
level, and for communicating said power adjustment request to said
module; and )

means for increasing module transmission signal power in CDMA
* communication signals transmitted to said mobile telephone by a
predetermined increment in response to said power adjustment request.

26. The power control system of Claim 21 wherein said module

transmission .signal power increase increment is on the order of about
1dB.
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 the system controller. In response thereto the system controller may

adjust transmission power for the various cell-site modules for system
optimization.

The previous description of the pteferred “entbodiments 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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