I

. US005257283A
United States Patent [19] [11; Patent Number: 5,257,283
Gilhousen et al. [45] Date of Patent:  Oct. 26, 1993
[54] SPREAD SPECTRUM TRANSMITTER 4,672,658 6/1987 Kavehrad et al. ..........ccoue. 379/63
POWER CONTROL METHOD AND SYSTEM 4,765,753 8/1988 SChmMidl ...ooeoevercvressssreveeeere 379/60
4,777,653 10/1988 Bonnerot et al. ......cceueiennnn. 455/69
[75] Inventors: Klein S. Gilhousen; Roberto 4,811,421 3/1989 Havel et al. wcoovveecrmeerrreens 455/69
Padovani, both of San Diego; Charles 4,868,795 9/1989 McDavid et al. .. 455/69 X
E. Wheatley, III, Del Mar, all of 4,870,698 9/1989 Katsuyama et al. .............. 455/69 X
(73] Assignee: Qualcomm Incorporated, San Diego, 4,901,307 2/1990 Gilhousen et al. ..........u..e.. 375/1X
Calif. Primary Examiner—Bernarr E. Gregory
[21] Appl. No.: 749,249 Attorney, Agent, or Firm—Russell B. Miller
[22] Filed: Aug. 23, 1991 [57] ABSTRACT
A power control system for a cellular mobile telephone
Related U.S. Application Data system in which system users communicate information
63 . signals between one another via at least one cell site
[63] gommuatlon of Ser. No. 433,031, Nov. 7, 1989, Pat. using code division multiple access spread spectrum
0. 5,056,109. .. .
communication signals. The power control system con-
[51] Int. CLS oo, HO4L 27/30; HO4J 13/00; trols transmission signal power for each cellular mobile
HO04B 7/204 telephone in the cellular mobile telephone system
[52] US.CL e 375/1; 370/18,; wherein each cellular mobile telephone has an antenna,
379/59; 455/33.1; 455/38.3; 455/54.1; 455/69; transmitter and receiver and each cell-site also has an
380/34 antenna, transmitter and receiver. Cell-site transmitted
[58] Field of Search ...................... 455/33, 54, 56, 69, signal power is measured as received at the mobile unit.
455/33.1, 54.1, 54.2, 56.1, 69, 38.3; 370/18, 50;  Transmitter power is adjusted at the mobile unit in an
379/58,59  opposite manner with respect to increases and decreases
[56] References Cited in received signal power. A power control feedback

U.S. PATENT DOCUMENTS

scheme may also be utilized. At the cell-site communi-
cating with the mobile unit, the mobile unit transmitted

3,925,782 12/1975 Anderl et al. .ocecoervvrennn. 455/69 X~ power is measured as received at the cell-site. A com-
4,112,257 9/1978 FIOSt v, 379/60 mand signal is generated at the cell-site and transmitted
4,123,718 10/1978 Lampert et al. .cooecveerrennnnnn, 375/1 to the mobile unit for further adjusting mobile unit
i’gg?ié 3/ }980 Cooper .....cvveee. 370750 X transmitter power corresponding to deviations in the
4125978 g;lggg Cooper et al. oo 375/1 el site received signal power. The feedback scheme is
1223, -Osborne et al. 455/226 d to further adiust th bil . it
4,495,648 1/1985 GIZET wooooooeerrosrsoeersossn 445/73  used o lurther adjust the mobile unit transmitter power
4,580,262 4/1986 Naylor et al. .. . 371/5.5 so as to arrive at the cell-site at a desired power level.
4,613,990 9/1986 Halpern .......... ... 455/33
4,641,322 2/1987 Hasegawa -....coceercerrernnrenns 37571 30 Claims, 5 Drawing Sheets
72 74
£ i 82
ANALOG DIGITAL USER
e o
RECEIVER DATA DIGITAL
RECEIVER BASEBAND
s
8
ANTENNA
| CONTROL
PROCESSOR
L. il Pa
TRANSMIT TRANSMIT TRANSMIT
CONTROL CONTROL

Carucel Investments—Exhibit 2112

IPR2019-01102: VW GoA v. Carucel Investments L.P.

Page 1



U.S. Patent Oct. 26, 1993 Sheet 1 of 5 5,257,283

TO FROM | TO FROM OTHER
PSTN / 0 CELL-SITES
SYSTEM
CONTROLLER
8 SWITCH
14
12

244

<

20b

Carucel Investments—Exhibit 2112
IPR2019-01102: VW GoA v. Carucel Investments L.P.
Page 2



U.S. Patent Oct. 26, 1993 Sheet 2 of 5 5,257,283

MOBILE
UNIT
RECEIVED
SIGNAL
POWER

32

30

MOBILE
UNIT
TRANSMIT
POWER

DISTANCE

FIG.2A

DISTANCE

FIG. 2B

Carucel Investments—Exhibit 2112
IPR2019-01102: VW GoA v. Carucel Investments L.P.
Page 3



U.S. Patent Oct. 26, 1993 Sheet 3 of 5 5,257,283

MOBILE
UNIT
TRANSMIT
POWER

DISTANCE

CELL-SITE |
RECEIVED
SIGNAL 44

POWER 40 42

DISTANCE

FIG.2D

Carucel Investments—Exhibit 2112
IPR2019-01102: VW GoA v. Carucel Investments L.P.
Page 4



U.S. Patent Oct. 26, 1993 Sheet 4 of 5 5,257,283
50 MOBILE UNIT N -
545 ,
wacos | | o] [ wser
St S
RECEIVER RECEIVER BASEBAND
52 '
7 ss” sg”
ANTENNA
X 68 60
[ [
PILOT RECEIVED
SIGNAL POWER
GENERATOR MEASUREMENT}®-
62
: Y [
66 64 " TRANSMIT
MODULATOR
TO OTHER DIGITAL i
DATA RECEIVERS FROM OTHER
TRANSMIT MODULATORS L___pROCESSOR
T2 74 82
ANALOG DIGITAL USER
— DATA —®1 DIGITAL
RECEIVER RECEIVER BASEBAND
70
\ | 8
ANTENNA
] CONTROL
PROCESSOR
76 0 4
R l / '/
TRANSMIT TRANSMIT TRANSMIT
POWER j@——4 POWER |j@—
MODULATOR
CONTROL CONTROL oou

Carucel Investments—Exhibit 2112
IPR2019-01102: VW GoA v. Carucel Investments L.P.
Page 5



U.S. Patent Oct. 26, 1993 Sheet 5 of 5 5,257,283

FROM 2° /22 TO A/D
ANTENNA | powN- CONVERTER
SE—"— | SN F p -

CONVERTER BP
96
i
 AGC
| DETECTOR
NON- LINEAR )/“‘*—"—
FILTER * PN POWER LEVEL
| \-——-—ssr FROM |
PROCESSOR
}
0 102 04
ANTENNA IF FROM TRANSIT
AMP™""MODULATOR
POWER LEVEL
CONTROL FROM

FROM
ANALOG o
RECEIVER AD L—

— "|CONVERTER
l 12 Vi “/6
~ [ e i
PN HADAMARD
CORRELATOR|™™] TRANSFORM DECODER
FILTER
| [
114
PN _ POWER
GENERATOR AVERAGER
122 120
TO TRANSMIT L
NSM POWER
MODUL A S —
MODULATOR | ur/DOWN Lo !comPARATOR POWER LEVEL
COMMAND
SET FROM
GENER ATOR PROCESSOR

Carucel Investments—Exhibit 2112
IPR2019-01102: VW GoA v. Carucel Investments L.P.

Page 6



5,257,283

1

SPREAD SPECTRUM TRANSMITTER POWER
CONTROL METHOD AND SYSTEM

This is a continuation of application Ser. No.
07/433,031, filed Nov. 7, 1989, now

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to cellular mobile tele-
phone systems. More specifically, the present invention
relates to a novel and improved method and apparatus

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), fre-
quency division multiple access (FDMA) and AM mod-
ulation 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 Ser. No.
06/921,261, filed Oct. 17, 1986, entitled “SPREAD
SPECTRUM MULTIPLE ACCESS COMMUNICA-
TION SYSTEM USING SATELLITE OR TERRES-
TRIAL REPEATERS”, now U.S. Pat. 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 tech-
nique is disclosed where a large number of mobile tele-
phone system users each having a transceiver communi-
cate through satellite repeaters or terrestrial base sta-
tions (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, increases in system capacity may be realized by
controlling the transmitter power of each mobile user so
as to reduce interference to other system users.

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

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
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necessary to maintain the desired communications.
Preferably the desired power level is a minimum power
level necessary to maintain quality communications so
as to result in a reduction in system interference.

The Hub then transmits a power control command
signal to each mobile user so as to adjust or “fine tune”
the transmit power of the mobile unit. This command
signal is used by the mobile unit to change the transmit
power level closer to a minimum level required to main-
tain 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 read-
just 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 4 of a second of
propagation time.

One important difference between satellite or terres-
trial base stations systems are the relative distances
separating the mobile units and the satellite or cell-site.

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 chan-
nel has a propagation loss characteristic that follows
approximately the inverse square law, i.e. the propaga-
tion loss is inversely proportional to the square of the
distance between the mobile unit and the satellite re-
peater in use. Accordingly, in the satellite channel the
variation in path loss due to distance variation is typi-
cally on the order of only 1-2 dB.

In contrast to the satellite channel, the terrestrial/mo-
bile unit channel, i.e. the terrestrial channel, the distance
between the mobile units and the cell sites can vary

a propagation loss characteristic as did the satellite
channel. However, in the terrestrial channel the propa-
gation loss characteristic corresponds to an inverse
fourth-power law, i.e. the path loss is proportional to
the inverse of the path distance raised to the fourth
power. Accordingly, path loss variations may be en-
countered 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 re-
flected component is typically on the order of 6-10 dB,
depending upon the characteristics of the mobile unit
antenna and the environment about the mobile unit.

Contrasting the satellite channel with the terrestrial
channel, the terrestrial channel experiences signal fad-
ing that typically consists of the Rayleigh faded compo-
nent without a direct component. Thus, the terrestrial
channel presents a more severe fading environment
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3
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 environ-
ment. 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 communica-
tions, including those of cellular mobile telephone sys-
tems, significant phase differences in signals traveling
on different paths may occur. The possibility for de-
structive 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 de-
lays 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 as 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 typi-
cally requires a full-duplex channel to be provided in
order to allow both directions of the telephone conver-
sation 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 receiv-
ers. A different frequency band is utilized for the in-
bound link, i.e. transmissions from the mobile unit trans-
mitters to the cell-site receivers. According, this fre-
quency band separation allows a mobile unit transmitter
and receiver to be active simultaneously without feed-
back or interference from the transmitter into the re-
ceiver.

The use of different frequency bands 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
processes for the inbound and outbound channels. A
mobile unit cannot simply measure the outbound chan-
nel path loss and assume that the same path loss is pres-
ent on the inbound channel.

It is therefore, an object of the present invention to
provide a novel and improved method and apparatus
for controlling in the terrestrial channel transmitter
power so as to overcome deleterious fading without
causing unnecessary system interference which can
adversely affect overall system capacity.

SUMMARY OF THE INVENTION

In a terrestriai CDMA cellular mobile telephone
system, it is desirable that the transmitter power of the
mobile units be controlled so as to produce at the cell
site receiver 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
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power of the mobile unit transmitted signal multiplied
by the number of mobile units transmitting within the
cell. To this is added the noise power received at the
cell-site from mobile units in adjacent cells.

The CDMA receivers of the cell-site respectively
operate by converting a wideband CDMA signal from
a corresponding one of the mobile unit transmitters into
a narrow band digital information carrying signal. At
the same time, other received CDMA signals that are
not selected remain as wide band noise signals. The
bit-error-rate performance of the cell-site receiver is
thus determined by the ratio of the power of the desired
signal to that of the undesired signals received at the
cell-site, i.e., the received signal power in the desired
signal transmitted by the selected mobile unit transmit-
ter to that of the received signal power in undesired
signals transmitted by the other mobile unit transmit-
ters. The bandwidth reduction processing, a correlation
process which results in what is commonly called “pro-
cessing gain”, increases the signal to noise 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 capac-
ity in terms of the number of simultaneous telephone
calls that may be handled in a given system 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 recejver at the
minimal signal to noise interference ratio which allows
acceptable data recovery. If a signal transmitted by a
mobile unit arrives at the cell-site receiver at a power
level that is too low, the bit-error-rate may be too high
to permit high quality communications. On the other
hand if the mobile unit transmitted signal is at a power
level that is too high when received at the cell site
receiver, communication with this particular mobile
unit will be acceptable. However, this high power sig-
nal acts as interference to other mobile unit transmitted
signals that are sharing the same channel, i.e. band-
width. This interference may adversely affect commu-
nications with other mobile units unless the total num-
ber of communicating mobile units is reduced.

The path loss of signals in the UHF frequency band
of the cellular mobile telephone channel can be charac-
terized by two separate phenomena, average path loss
and fading. The average path loss can be described
statistically by a log-normal distribution whose mean is
proportional to the inverse fourth-power of the path
distance, and whose standard deviation is approxi-
mately 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 conven-
tiona] cellular mobile telephone systems. However, as
mentioned previously Rayleigh fading is an indepen-
dent phenomena for the inbound and outbound link
frequency bands. The log-normal distribution of the
average path loss is a relatively slow varying function of
position. In contrast, the Rayleigh distribution varies
relatively fast as a function of position.

In the present invention, a CDMA approach to multi-
ple 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
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well known. In this particular application, the pilot
signal is used by the mobile units for initial synchroniza-
tion of the mobile unit receiver. The pilot signal is also
used as phase and frequency reference and a time refer-
ence for demodulation of the digital speech signals
transmitted by the cell-site.

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

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

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

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

In the case where there is a temporary but yet sudden
degradation in the channel it is desirable that a much
slower increase in mobile unit transmitter power be
permitted. This slow increase in mobile unit transmitter
power is desired so as to prohibit an unnecessarily rapid
increase in mobile unit transmit power which increases
the interference to all other mobile units. Thus a tempo-
rary degradation in one mobile unit channel will be
tolerated in order to prevent a degradation of all mobile
unit channels.

In the case of a sudden degradation in the channel,
the non-linear filter prevents the mobile transmitter
power from being increased at a high rate in response to
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6

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 lim-
ited to the rate of a closed loop power adjustment com-
mand transmitted from the cell-site, as described below,
can reduce the mobile unit transmitter transmit power.
Using the cell-site generated power adjustment com-
mands, the mobile unit transmitter power will be pre-
vented from being increased to a level significantly
higher than the level required for communications,
particularly when a sudden channel degradation occurs
in only the outbound link path and not in the inbound
link path.

It should be noted that it is undesirable to simply use
a slow response on the mobile unit transmitter power
control in an attempt to separate the fast Rayleigh fad-
ing from the slow fading due to distance and terrain. A
slow response in the mobile unit transmitter power
control is undesirable because the possibility of sudden
improvements and fades 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. 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 (receive
antenna gain G divided by receiver noise level T), the
mobile unit antenna gain, and the number of calls active
at this cell-site. This information allows the mobile unit
processor to properly compute the reference power
level for the local power setting function. This compu-
tation is done by calculating the cell-site to mobile link
power budget, solving for the path loss. This path loss
estimate is then used in the mobile cell-site link budget
equation, solving for the mobile unit transmit power
required to produce a desired signal level. This capabil-
ity allows the system to have cell-sites with differing
EIRP levels to correspond to the size of the cells. For
example, a small radius cell need not 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 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 contin-
ues ta monitor this channel when idle for pages for calls
originated within the public telephone switching net-
work intended for the mobile unit. The mobile unit
antenna gain is stored in a memory in the mobile unit at
the time the mobile unit is installed in the vehicle.

As mentioned previously, mobile unit transmitter
power is also controlled by a signal from the cell-site.
Each cell-site receiver measures the strength of the
signal, as received at the cell-site, from each mobile 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

Carucel Investments—Exhibit 2112

IPR2019-01102: VW GoA v. Carucel Investments L.P.

Page 9



7

adjustment command is generated and sent to the mo-
bile unit in the outbound link data, or voice channel,
addressed to that mobile unit. In response to the cell-site
power adjustment command, the mobile unit increases
or decreases the mobile unit transmitter power by a
predetermined amount, nominally 1 dB.

The rate of transmission of the power adjust-
ment command must be high enough to permit Ray-
leigh fading on the inbound link path to be tracked. It is
further desirable for the outbound link path Rayleigh
fading impressed on the inbound link path signal to be
tracked. One command per millisecond is adequate to
track the fading processes for vehicle speeds in the

for 850 MHz band mobile
communications. in de-
termining the power adjustment command and the
transmission thereof'

To account for the independence of the two Rayleigh
fading paths, the mobile unit transmitter power is also
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 com-
mand is sent to the mobile unit in the outbound data or
voice channel addressed to that mobile unit. This power
adjustment command is combined with the mobile unit
one way estimate to obtain the final value of the mobile
unit transmitter power.

The power adjustment command signal is transmit-
ted, in an exemplary embodiment, by overwriting one
or more user data bits every millisecond. The modula-
tion system employed in CDMA systems is capable of
providing error detection and 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 in many cases may not
be desirable because of the resulting increased latency in
reception and response to the power command. It is also
envisioned that time division multiplexing for transmis-
sion of the power adjustment command bits may be
used without overwriting user data channel symbols.

The cell-site controller or processor can be used to
determine the desired signal strength, as received at the
cell-site, for signals transmitted by each mobile unit.
The desired signal strength level values are provided to
each of the cell-site receivers. The desired signal
strength value is used for comparing with a measured
signal strength value for generating the power adjust-
ment 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 ad-
justed up or down to accommodate variations in the
average conditions of the cell. For example, a cell-site
positioned in an unusually noisy location or geographic
region might be allowed to use a higher than normal
inbound power level. However, such a higher power
level for in-cell operation will result in higher levels of
interference to immediate neighbors of this cell. This
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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 environ-
ment cell. It is further understood that the cell-site pro-
cessor may monitor the average bit-error-rate. This data
may be used by the system controller to command the
cell-site processor to set an appropriate inbound link
power level to assure acceptable quality communica-
tions.

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 trans-
mitted 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 disadvan-
taged. Unless the power being transmitted to this mo-
bile 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 communicating with the
mobile unit. In such a location, the total interference
would be increased by three times over the interference
seen by the mobile unit at a point relatively close to its
cell-site. In addition, the interference coming from these
neighboring cell-sites will not fade in unison with the
desired signal as would be the case for interference
coming from the desired cell-site. This situation may
required 3-4 dB additional signal power to achieve
adequate performance.

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

To achieve the above objectives, the preferred em-
bodiment includes a signal-to-interference measurement
capability within the mobile unit receiver. This mea-
surement is performed by comparing the power of the
desired signal to the total interference and noise power.
If the measured ratio is less than a predetermined value
the mobile transmits a request to the cell-site for addi-
tional power in cell-site transmissions. If the ratio ex-
ceeds the predetermined value, the mobile unit trans-
mits a request for a reduction in power.

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

The cell-site must also consider the power demands
being made on 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, re-
quests for additional power might be granted but only
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: 9
by 6% or less instead of the normal 12%. In this regime,
arequest for a reduction in power would still be granted
at the normal 12% change.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1is a schematic overview of an exemplary mo-
bile cellular telephone system; )

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

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

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

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

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

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An exemplary terrestrial cellular mobile telephone
system in which the present invention is embodied is
illustrated in FIG. 1. The system illustrated in FIG. 1
utilizes CDMA modulation techniques in communica-
tions 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 mo-
bile telephones. The use of CDMA techniques readily
facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellu-
lar systems.

In FIG. 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 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 sta-
tions since such mobile units do not typically communi-
cate 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
FIG. 1, two exemplary cell-sites, 12 and 14, along with
two exemplary mobile units 16 and 18 which include
cellular telephones are illustrated. Arrows 20a-205 and
22a-22b respectively define the possible communication
links between cell-site 12 and mobile units 16 and 18.
Similarly, arrows 24a-245 and arrows 26a-26b respec-
tively define the possible communication links between
cell-site 14 and mobile units 18 and 16. Cell-sites 12 and
14 normally transmit using equal power.

Mobile unit 16 measures the total received power in
signals transmitted by cell-sites 12 and 14 upon path 20a
and 26a. Similarly, mobile unit 18 measures the total
received power in signals as transmitted by cell-sites 12
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10
and 14 upon paths 22z and 24a. In each of mobile units
16 and 18, signals power is measured in the receiver
where the signals wide band signals. Accordingly, this
power measurement is made prior to correlation of the
received signals with a pseudonoise (PN) spectrum
spreading signal.

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

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

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

FIG. 2A illustrates the effect of both Rayleigh fading
as a function of distance on the strength of the cell-site
transmitted signal as received at a mobile unit. The
average path loss, indicated by curve 30, is determined
primarily by the fourth-power of the distance between
the cell-site and the mobile unit, and by the shape of the
terrain between them. As distance increases between
the mobile unit and the cell-site, signal power decreases
as received at the mobile unit for a constant power
transmitted cell-site signal. The average path loss is the
same for both directions of the link, and typically exhib-
its 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 these
multiple paths in random phase and amplitude, resulting
in the characteristic Rayleigh fading. Curve 32 as illus-
trated in FIG. 2A 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 channels. For example, when the outbound
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channel is fading, the inbound channel is not necessarily
fading at the same time.

FIG. 2B illustrates the mobile unit transmitter power
adjusted to correspond to the link path signal strength
of FIG. 2A. In FIG. 2B, curve 34 represents the desired
average transmit power corresponding to the average
path loss of curve 30 of FIG. 2A. similarly, curve 36
corresponds to the mobile unit transmitter power re-
sponding to the Rayleigh fading as represented by
curve 32 of FIG. 2A. As the Rayleigh faded signal,
curve 32 of FIG. 2A, decreases in signal strength, rapid
increases in transmitter power result. These rapid up-
ward excursions of transmitter power can result in dele-
terious effects in overall system performance. There-
fore, the present invention envisions the use of a non-
linear filter to control rapid upward excursions, or in-
creases, in transmitter power, Furthermore, the present
invention also utilizes closed loop power adjustment
feedback from the cell-site to adjust mobile unit trans-
mitter power.

FIG. 2C illustrates the mobile unit transmitter power
corresponding to FIG. 2A without taking into consider-
ation the cell-site closed loop power adjustment feed-
back. In FIG. 2C the desired average transmit power, as
represented by curve 34', corresponds to the mobile
unit received signal strength of curve 30 of FIG. 2A.
Curve 38 illustrates the transmitter power utilizing the
non-linear filter in power control of the present inven-
tion. The rapid upward excursions in transmitter power,
as indicated by the dashed lines of FIG. 2C and corre-
spond to the upward excursions in curve 36 of FIG. 2B,
are significantly reduced. In curve 38, the upward ex-
cursions are significantly reduced by setting the rate of
increase in transmit power to a fixed value. The result-
ing 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 adjustment feedback process to be easier to im-
plement and to be more effective at a much lower con-
trol 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 D1-D;
transmitter power decreases rather quickly correspond-
ing to a sudden improvement in the channel. Between
the distance points marked D;~Dj3 the channel degrades
with a corresponding increase in transmitter power.
The change in degradation is not so significant such that
the non-linear filter maximum rate limits the rate of
increase in transmitter power.

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

It is desirable to eliminate the upward excursions in
transmitter power which may cause unnecessary system
interference. Should a better path to another cell-site
occur, which would result in unnecessary interference
in the system, quality communications in the system
may be maintained by limiting the rate of increase in
transmitter power. :
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FIG. 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 overage received signal power at
the cell-site for a signal transmitted from a mobile unit.
It is desirable that the average received signal power be
at a constant level, yet a minimum necessary to assure a
quality communication link with the mobile unit correc-
tions are made at the mobile unit to correct for Rayleigh
fading in the cell-site transmitted signal.

The mobile unit transmitted signal experiences Ray-
leigh fading before arriving at the cell-site receiver. The
signal received at the cell-site is therefore a signal of
constant average received power level but still with the
Rayleigh fading of the inbound channel impressed
thereupon. Curve 42 represents the Rayleigh fading
that occurs on the inbound signal.

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
unless an additional mechanism is employed to compen-
sate for the inbound channel Rayleigh fading. Such a
mechanism is the closed loop power adjustment com-
mand process employed at the cell-site for adjusting the
mobile unit transmitter power. Such a power adjust-
ment compensates for the Rayleigh fading on the in-
bound channel. In FIG. 2D, curve 44 illustrates the
mobile unit transmitted signal power as received at the
cell-site when compensating for average path loss and
Rayleigh fading on both the inbound and outbound
channels. As can be seen in FIG. 2D curve 44 follows
close to curve 40 except for instances of severe fading
where the fading process is minimized by the closed
loop control.

In FIG. 3 antenna 52 is provided for receiving multi-
ple mobile unit transmitted signals which are then pro-
vided to analog receiver 54 for amplification, frequency
downconversion and IF processing of the received RF
signal. The analog signals output from receiver 54 are
provided to a plurality of receiver modules for, extrac-
tion 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 mo-
bile unit, such as mobile unit N, is module 50. Thus the
output of receiver 54 is provided to a plurality of these
modules including module 50.

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

Received power measurement circuitry 60 measures
the power level in the received signal from mobile unit
N. Received power méasurement circuitry 60 in re-
sponse 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, the data bits in the power adjust-
ment command are used by mobile unit N in adjusting
mobile unit transmitter power.
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When the received power measurement is greater

than the preset level provided by a cell-site processor

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

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

Transmit modulator 62 spread spectrum modulates
the user addressable information signals for transmis-
sion to mobile unit N. Transmit modulator 62 also re-
ceives the power adjustment command data bits from
received power measurement circuitry 60. The power
adjustment command data bits are also spread spectrum
modulated for transmission to mobile unit N. Transmit
‘modulator 62 provides the spread spectrum modulated
signal to summer 64 where it is combined with spread
spectrum signals from other module transmit modula-
tors 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. Al-
though not illustrated transmit power control circuitry
may be disposed between summer 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, demodulated at the cell-
site receiver and provided to the cell-site control pro-
cessor for coupling to the circuitry.

In FIG. 4, the mobile unit, such as mobile unit N,
includes an antenna 70 for collecting cell site transmit-
ted signals and radiating mobile unit generated CDMA
signals. Mobile unit N receives the pilot signal, setup
channel signals and the mobile unit N addressed signals
using antenna 70, analog receiver 72 and digital data
receiver 74. Receiver 72 amplifies and frequency down-
converts the received RF CDMA signals to IF, and
filters the IF signals. The IF signals are output to digital
data receiver 74 for digital processing. Receiver 72 also
includes circuitry for performing an analog measure-
ment 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 cir-
cuitry 76 for controlling transmit power.

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

Receiver 74 also provides data such as digitized en-
coded speech to user digital baseband circuitry 82 for
decoding and interface with the user. Baseband cir-
cuitry 82 includes interface hardware for coupling re-
ceiver 74 and transmit modulator 82 to the user handset
(not shown).

Data to be transmitted is provided through baseband
circuitry 82 where it is encoded and provided to trans-
mit modulator 84. The data is spread spectrum modu-
lated 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 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
units for controlling the transmit power, the power
level could be adjusted by a single variable gain ampli-
fier with two input control signals combined before
being applied to the variable gain amplifier. However in
the illustrated exemplary embodiment the two control
functions are shown as separate elements.

In the operation of the power control circuitry illus-
trated in FIG. 4, receiver 72 measures the combined
power level of all signals received from all cell-sites.
These power level measurement results are used in
controlling the power level as set by transmit power
control circuitry 76. Transmit power control circuitry
76 includes circuitry in which the rate of increase trans-
mitter power is limited by a non-linear filter as previ-
ously 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 and
processed by receiver 74 and processor 78.

F1G. 5 illustrates in further detail the power control
aspect of mobile unit N discussed with reference to
FIG. 4. In FIG. 5, received RF signals from the antenna
are provided to frequency downconverter 90 where the
received RF signals are converted to an IF frequency.
The IF frequency signals are coupled to bandpass filter
92 where out of band frequency components are re-
moved from the signals.

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

AGC detector circuit 96 generates a gain control
signal which is coupled to a gain control input of ampli-
fier 94. This gain control signal is used to control the
gain of the amplifier 94 so as to maintain a constant
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 compar-
ator 98 is provided with a level set signal from the mo-
bile unit processor (not shown). This level set signal is
indicative of a desired transmitter reference power
level. These input signals are compared by comparator

Carucel Investments—Exhibit 2112

IPR2019-01102: VW GoA v. Carucel Investments L.P.

Page 13



5,257,283

15
98 with the comparison signal provided to a non-linear
filter. circuit 100. This comparison signal corresponds to
a deviation in the received power measurement from a
desired mobile unit transmitter power level.

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

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

Transmit modulator circuit 84 of FIG. 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 (FIG. 4). This power level control signal is
derived from the closed loop power adjustment com-
mand signal transmitted by the cell-site and processed
by the mobile unit as discussed with reference to FIG.
4.

The power adjustment command signal consists of a
sequence of power-up and power-down commands that
are accumulated in the mobile unit processor. The mo-
bile 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 corre-
sponding to a resultant approximate 1 dB increase in
amplifier gain. Each power-down command decreases
the value of the gain control command, corresponding
to a resultant approximate 1 dB decrease in amplifier
gain. The gain control command is converted to analog
form by a digital to analog (D/A) converter (not
shown) before applied to amplifier 104 as the power
level control signal.

The mobile unit reference power level may be stored
in the memory of the control processor. In the alterna-
tive the mobile unit reference power level may be con-
tained 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 proces-
sor is converted by a digital to analog (D/A) converter
(not shown) before input to comparator 98.

The output of amplifier 104 is provided as an input to
amplifier 102. Amplifier 102 as previously mentioned is
also a variable gain IF amplifier with the gain deter-
mined according to the power level control signal out-
put from filter 100. The signal for transmission is ampli-
fied in accordance with the gain set by the power level
control signal from filter 100. The amplified output
signal from amplifier 102 and is further amplified and
frequency translated to the RF frequency for transmis-
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sion. The RF signal is then fed to the antenna for trans-
mission.

FIG. 6 illustrates in further detail the power control
scheme of the cell-site as illustrated in FIG. 3. In FIG.
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 digital data receiver corre-
sponding to mobile unit N. ,

In the digital data receiver, receiver 56 of FIG. 3, the
received analog signal is converted from analog to digi-
tal form by A/D converter 110. The digital signal out-
put 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 pro-
vided 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 pro-
vides user data to the user digital baseband circuitry.
Decoder 116 provides the largest transform filter sym-
bols to power averager circuit 118. The power averager
circuit 118 averages the largest transform outputs over
a one millisecond interval using well known digital
techniques.

A signal indicative of each average power level is
output from power averager 118 to comparator 120.
Comparator 120 also receives a power level set signal
indicative of the desired received power level. This
desired received power level is set by the control pro-
cessor for the cell-site. Comparator 120 compares the
two input signals and provides an output signal indica-
tive 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 com-
mand generator 122 provides the power control com-
mands to the cell-site transmit modulator for transmis-
sion and control of the transmitter power of mobile unit
N.

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

The power adjustment command feedback compen-
sates for changes in the inbound channel receiver that
are independent of the outbound channel. These inde-
pendent inbound channel] changes are not measured in
the outbound channel signal upon the outbound chan-
nel. Therefore the path loss estimate based and the
transmitter corresponding power adjustment do not
reflect the changes in the inbound channel. Thus, the
power adjustment command feedback is used to com-
pensate for adjustments mobile unit transmitter power
based on the inbound channel path losses that do not
exist in the inbound 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 la-
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tency of measurement and transmission. The power
control circuitry at the mobile unit, analog control and
digital command responsé, provides a vastly improved
power control process in the cellular mobile telephone
system.

The previous description of the preferred embodi-
ments are provided to enable any person skilled in the
art to make or use the present invention. Various modi-
fications 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 pres-
ent invention is not intended to be limited to the em-
bodiments shown herein, but is to be accorded the wid-
est scope consistent with the principals and novel fea-
tures disclosed herein.

We claim:

1. A method for controlling transmission power of a
first transceiver in communicating information signals
of a first user using spread spectrum communication
signals within a first frequency band to a second trans-
ceiver, and said first transceiver is further for extracting
information signals of a second user communicated to
said first transceiver by said second transceiver also
using spread spectrum communication signals in a sec-
ond frequency band, said method comprising the steps
of:

determining combined signal power of all signals

received by said first transceiver within said second
frequency band;

controlling signal power of said first transceiver

transmitted spread spectrum communication sig-
nals in inverse proportion to variations in said de-
termined combined signal power; and

controlling signal power of said first transceiver

transmitted spread spectrum communication sig-
nals in inverse proportion to variations in signal
power of first transceiver transmitted spread spec-
trum communication signals as received by said
second transceiver.

2. The method of claim 1 wherein said step of deter-
mining combined signal power comprises the steps of:

measuring combined signal power of all signals re-

ceived by said first transceiver within said second
frequency band; and

generating a corresponding measurement indication;

and wherein said step of controlling signal power
of said first transceiver transmitted spread spec-
trum communication signals in inverse proportion
to variations in said determined combined signal
power comprises the steps of:

comparing said measurement indication with a prede-

termined power level so as to provide a corre-
sponding comparison result; and

adjusting signal power of said first transceiver trans-

mitted spread spectrum communication signals in
response to said comparison result.

3. The method of claim 2 wherein said step of con-
trolling signal power of said first transceiver transmit-
ted spread spectrum communication signals in inverse
proportion to variations in signal power of first trans-
ceiver transmitted spread spectrum communication
signals received by said second transceiver comprises
the steps of:

measuring signal power of first transceiver transmit-

ted spread spectrum communication signals as re-
ceived by said second transceiver;

5

35

40

45

55

65

18

generating power adjustment commands in accor-
dance with deviations in said measured signal
power with respect to a desired reception power
level; .

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

adjusting signal power of said first transceiver trans-
mitted spread spectrum communication signals in
accordance with said power adjustment commands
as received by said first transceiver.

4. The method of claim 1 wherein said step of con-
trolling signal power of said first transceiver transmit-
ted spread spectrum communication signals in inverse
proportion to variations in signal power of first trans-
ceiver transmitted spread spectrum communication
signals as received by said second transceiver comprises
the steps of:

measuring signal power of first transceiver transmit-

ted spread spectrum communication signals re-
ceived by said second transceiver;

generating power adjustment commands in accor-

dance with deviations in said measured signal
power with respect to a desired reception power
level;
inserting said power adjustment commands in said
second transceiver transmitted spread spectrum
communication signals to said first transceiver; and

adjusting signal power of said first transceiver trans-
mitted spread spectrum communication signals in
accordance with said power adjustment commands
as received by said first transceiver.

5. The method of claim 4 further comprising the step
of controlling signal power of said second transceiver
transmitted spread spectrum communication signals in
inverse proportion to variations of a measured ratio, of
signal power of second transceiver transmitted spread
spectrum communication signals as received by said
first transceiver to a signal power of interfering signals,
with respect to a desired ratio.

6. The method of claim 5§ wherein said step of con-
trolling signal power of said second transceiver trans-
mitted spread spectrum communication signals com-
prises the steps of:

measuring signal power of all signals received by said

first transceiver within said second predetermined
frequency band;

measuring signal power of said second transceiver

transmitted spread spectrum communication sig-
nals as received by said first transceiver;
comparing said measured signal power of said second
transceiver transmitted spread spectrum communi-
cation signals received by said first transceiver
with said measured signal power of said all signals
received by said first transceiver so as to provide a
signal-to-interference ratio value;
generating power adjustment requests in accordance
with deviations in said signal-to-interference ratio
value with respect to a desired signal-to-interfer-
ence ratio value;

inserting said power adjustment requests in said first

transceiver transmitted spread spectrum communi-
cation signals; and

adjusting signal power of said second transceiver

transmitted spread spectrum communication sig-
nals in correspondence with said power adjustment
requests as received by said second transceiver in
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said first transceiver transmitted spread spectrum
communication signals. ’

7. In a remote station transceiver having a receiver
for receiving a base station transmitted outbound spread
spectrum signals wherein one of said outbound spread
spectrum signals contains first user information and for
demodulating said one outbound spread spectrum signal
to provide said first user information to a first user, and
a transmitter for transmitting to said base station an
inbound spread spectrum signal containing second user
information, said transceiver having a power control
system for controlling at said transceiver the transmis-
sion signal power of said inbound spread spectrum sig-
nal wherein the signal power of said inbound spread
spectrum signal as received at said base station is main-
tained about a predetermined average signal power
level, and wherein said base station measures the signal
power of said inbound spread spectrum signal as re-
ceived at said base station, generates power adjustment
commands according to variations in said measured
signal power of said inbound spread spectrum signal
with respect to said predetermined average signal
power level and transmits said power adjustment com-
mands in said one outbound spread spectrum signal, said
power control system comprising:

control processor means coupled to said receiver for

receiving from said receiver said power adjustment
commands in said one outbound spread spectrum
signal, accumulating values corresponding to said
power adjustment commands with respect to a
predetermined first power level value, and generat-
ing a corresponding first power level control sig-
nal, said control processor means further for gener-
ating a power level set signal;

automatic gain control means coupled to said re-

ceiver for measuring signal power of all of said
outbound spread spectrum signals received by said
receiver, and providing a corresponding power
measurement signal;

comparator means for receiving and comparing said

power measurement signal and said power level set
signal, and providing a corresponding second
power level control signal; and

amplification means coupled to said transmitter for

receiving said first and second power level control
signals and amplifying said inbound spread spec-
trum signal at a gain level determined by said first
and second power level control signals.

8. The transceiver of claim 7 wherein said power
control system amplification means comprises:

first amplifier means for, receiving said first power

level control signal and amplifying said inbound
spread spectrum signal at a first gain determined by
said.first power level control signal; and

second amplifier means for receiving said second

power level control signal and said first amplifier
means amplified inbound spread spectrum signal,
and amplifying said first amplifier means amplified
inbound spread spectrum signal at a second gain
determined by said second power level control
signal.

9. In the transceiver of claim 8 wherein an increase in
measured outbound spread spectrum signal power cor-
responds to an increase in said second power control
level signal with said second amplifier means responsive
thereto for decreasing said second gain, and a decrease
in measured outbound spread spectrum signal power
corresponds to a decrease in said second power control
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level signal with said second amplifier means responsive
thereto for increasing said second gain.

10. In the transceiver of claim 9, said receiver having
an analog portion and a digital receiver portion, said
automatic gain contro! means coupled to said analog
receiver portion with said signal power of said received
outbound spread spectrum signals being measured as
wideband signal power, and said digital receiver por-
tion coupled to said control processor with said digital
receiver portion extracting said power adjustment com-
mands from said one outbound spread spectrum signal,
wherein each power adjustment command affects a
change in said first power level control signal with said
first amplifier means responsive to each change in said
first power level control signal so as to provide a corre-
sponding change in said first gain.

11. In the transceiver of claim 10 wherein each
change in said first gain corresponds to a predetermined
dB gain change in transmission signal power of said
inbound spread spectrum signal.

12. In the transceiver of claim 7 wherein in said
power control system measured increases and decreases
in signal power respectively correspond to decreases
and increases in said gain level.

13. In the transceiver of claim 7 wherein said base
station transmits said outbound spread spectrum signals
in a first predetermined frequency band and said trans-
ceiver transmits inbound spread spectrum signal in a
second predetermined frequency band.

14. In the transceiver of claim 7 said receiver having
an analog receiver portion and a digital receiver por-
tion, said automatic gain control means coupled to said
analog receiver portion with said signal power of said
received outbound spread spectrum signals being mea-
sured as wideband signal power, and said digital re-
ceiver portion coupled to said control processor with
said digital receiver portion extracting said power ad-
justment commands from said one outbound spread
spectrum signal.

15. In the transceiver of claim 7 wherein said power
control system further comprises filter means for non-
linearly limiting a rate of change in said second power
level control signal so as to provide a rate of change in
increases of said second power level control signal that
is greater than a rate of change in decreases in said
second power level control signal.

16. A system for controlling transmission power of a
first transceiver in transmitting spread spectrum com-
munication signals, to a second transceiver such that
said first transceiver transmitted signals are maintained
at a predetermined power level as received at said sec-
ond transceiver, said second transceiver also transmit-
ting spread spectrum communication signals to said first
transceiver, said system comprising:

first power control means for determining combined

signal power of second transceiver transmitted
spread spectrum communication signals received
by said first transceiver and controlling signal
power of said first transceiver transmitted spread
spectrum communication signals in inverse propor-
tion to variations in said determined combined
signal power; and

second power control means for further controlling

signal power of said first transceiver transmitted
spread spectrum communication signals in inverse
proportion to variations in signal power of first
transceiver transmitted spread spectrum communi-
cation signals received by said second transceiver.
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17. The system of claim 16 wherein said first power
control means provides increases in signal power at a
rate less than decreases in signal power.

18. The system of claim 16 wherein said first power
control means provides increases in signal power at a
rate less than said second power control means provides
decreases in signal power.

19. The system of claim 16 wherein said open loop
power control means compensates for variations in
channel conditions affecting signal power in a second
transceiver to first transceiver communication channel.

20. The system of claim 16 wherein said second
power control means compensates for variations in
channel conditions affecting signal power in a first
transceiver to second transceiver communication chan-
nel.

21. The system of claim 16 wherein said first power
control means comprises:

means for measuring combined signal power of all

second transceiver transmitted spread spectrum
communication signals received by said first trans-
ceiver; and

means for adjusting signal power, of said first trans-

ceiver transmitted spread spectrum communication
signals, in inverse proportion to deviations in said
first transceiver measured signal power with re-
spect to a predetermined reference power level.

22. The system of claim 21 wherein said second
power control means comprises:

means for measuring signal power of first transceiver

transmitted spread spectrum communication sig-
nals received by said second transceiver;

means for generating power adjustment commands in

accordance with deviations in said second trans-
ceiver measured signal power with respect to a
desired reception power level;

means for inserting said power adjustment commands

in said second transceiver transmitted spread spec-
trum communication signals; and

means for further adjusting signal power of said first

transceiver transmitted spread spectrum communi-
cation signals in accordance with said power ad-
Jjustment commands as received by said first trans-
ceiver.

23. The system of claim 22 wherein said means for
measuring combined signal power of all second trans-
ceiver transmitted spread spectrum communication
signals received by said first transceiver measures wide-
band signal power, and said means for measuring signal
power of first transceiver transmitted spread spectrum
communication signals received by said second trans-
ceiver digitally measures narrowband signal power.

24. The system of claim 16 wherein said second
power control means comprises:

means for measuring signal power of first transceiver

transmitted spread spectrum communication sig-
nals received by said second transceiver;

means for generating power adjustment commands in

accordance with deviations in said second trans-
ceiver measured signal power with respect to a
desired reception power level;

means for inserting said power adjustment commands

in said second transceiver transmitted spread spec-
trum communication signals; and

means for adjusting signal power of said first trans-

ceiver transmitted spread spectrum communication
signals in accordance with said power adjustment
commands as received by said first transceiver.
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25. The system of claim 16 further comprising third
power control means for controlling signal power of
said second transceiver transmitted spread spectrum
communication signals in inverse proportion to varia-
tions of a measured ratio, of signal power of second
transceiver transmitted spread spectrum communica-
tion signals received by said first transceiver to a signal
power of interfering signals, with respect to a desired
ratio.

26. The system of claim 25 wherein said third power
control means comprises:

means for, measuring signal power of all signals re-

ceived by said first transceiver, measuring signal
power of said ‘second transceiver transmitted
spread spectrum communication signals as re-
ceived by said first transceiver, comparing said
measured signal power of said second transceiver
transmitted spread spectrum communication sig-
nals received by said first transceiver with said
measured signal power of said all signals received
by said first transceiver so as to provide a signal-to-
interference ratio value, generating power adjust-
ment requests in accordance with to deviations in
said signal-to-interference ratio value with respect
to a desired predetermined signal-to-interference
ratio value, and inserting said power adjustment
requests in said first transceiver transmitted spread
spectrum communication signals; and

means for adjusting signal power of said second trans-

ceiver transmitted spread spectrum communication
signals in correspondence with said power adjust-
ment requests as received by said second trans-
ceiver in said first transceiver transmitted spread
spectrum communication signals.

27. A system for controlling the transmission power
of a first remote transceiver of a plurality of remote
transceivers, wherein each remote transceiver is for
transmitting a spread spectrum communication signal to
a base transceiver within a first predetermined fre-
quency band, said base transceiver also transmitting a
spread spectrum communication signal to at least said
first remote transceiver within a second predetermined
frequency band, said system comprising:

first power control means for determining combined

signal power of said base transceiver transmitted
spread spectrum communication signal and other
signals within said second predetermined fre-
quency band as received at said first transceiver,
detecting variations in said first power control
means determined signal power with respect to a
first predetermined transmit power level, and ad-
justing signal power of said first transceiver trans-
mitted spread spectrum communication signal in
response to said first power control means detected
variations; and

second power control means for determining signal

power of said first transceiver transmitted spread
spectrum communication signal as received at said
second transceiver, detecting variations in said
second power control means determined signal
power with respect to a second predetermined
transmit power level, adjusting signal power of
said first transceiver transmitted spread spectrum
communication signal in response to said second
power control means detected variations.

28. The system of claim 27 wherein said first power
control means comprises:
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automatic gain control means for measuring wide-
band signal power of said base transceiver transmit-
ted spread spectrum communication signal and
other signals within said second predetermined
frequency band as received at said first remote
transceiver, and providing a corresponding first
power measurement signal;

comparator means for receiving and comparing said
first power measurement signal with a first power
level signal representative of said first predeter-
mined transmit power level, and providing a corre-
sponding first power level control signal; and *

amplification means for receiving said first power
level control signal and amplifying said first remote
transceiver transmitted spread spectrum communi-
cation signal at a gain level determined by said first
power level control signal.

29. The system of claim 28 wherein said second

power control means comprises:

second power measurement means for measuring
signal power of said first transceiver transmitted
spread spectrum communication signal as received
by said second transceiver, and providing a corre-
sponding second power measurement signal;

second comparator means for receiving and compar-
ing said second power measurement signal with a
second power level signal representative of said
second predetermined transmit power level, and
providing a corresponding second power level
control signal;

power command generator means for receiving said
corresponding second power level control signal,
generating power adjustment commands in re-
sponse to said second power level control signal,
and providing said power adjustment commands in
said base transceiver transmitted spread spectrum
communication signal to said first remote trans-
ceiver;

processing means responsive to said power adjust-
ment commands extracted from said base trans-
ceiver transmitted spread spectrum communication
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signal as received at said first remote transceiver
for providing a corresponding third power level
control signal; and

said amplification means further for receiving said
third power level control signal and further ampli-
fying said first remote transceiver transmitted
spread spectrum communication signal at a gain
level determined by said third power level control
signal.

30. The system of claim 27 wherein said second

power control means comprises:

first power measurement means for measuring signal
power of said first remote transceiver transmitted
spread spectrum communication signal as received
by said base transceiver, and providing a corre-
sponding power level control signal;

first comparator means for receiving and comparing
said power measurement signal with a power level
signal representative of said second predetermined
transmit power level, and providing a correspond-
ing first power control signal; and

power command generator means for receiving said
corresponding first power level control signal,
generating power adjustment commands in re-
sponse to said first power level control signal, and
providing said power adjustment commands in said
base transceiver transmitted spread spectrum com-
munication signal to said first remote transceiver;

processing means responsive to said power adjust-
ment commands extracted from said base trans-
ceiver transmitted spread spectrum communication
signal as received at said first remote transceiver
for providing a corresponding second power level
control signal; and

amplification means for receiving said second power
level control signal and amplifying said first remote
transceiver transmitted spread spectrum communi-
cation signal at a gain level determined by said

second power level control signal.
¥ * x *x %
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