
18 November 2005 Wo 021099999 PCT/US02/14437 COMMUNICATION DEVICE WITH
SMART ANTENNA USING A  QUALITY-INDICATION SIGNAL Background  The invention
relates generally to communications and more particularly to a system and
method for using a quality-indication signal added to a transmitted signal
5 in a communication system, and used by the receiving end, in conjunction
with  multiple antenna elements. The receiver can use a separation process
known as spatial  filtering, or also referred to herein as smart antenna.
Broadband networks having multiple information channels are subject to
certain types of typical problems such as inter channel interference, a
limited 10 bandwidth per information channel, inter-cell interference that
limit the maximum  number of serviceable users, and other interference. The
usage of smart antenna  techniques (e.g., using multiple antenna elements
for a separation process known as  spatial filtering), at both ends of the
wireless communications channels, can enhance  spectral efficiency,
allowing for more users to be served simultaneously over a give"  15
frequency band Power-control signaling is another technique used to
minimize inter-channel  interference and increase network capacity. For
example, mobile communication  standards include a high rate, continuous,
power-control signaling to ensure that mobile  communication devices do not
transmit. too much or too little power. More 20 specifically, based on the
strength of the signal sent from the communication device  and received at
the basestation, the basestation sends a power-control signal to the
mobile communication device indicating whether the communication device
should  increase or decrease the total power of its transmitted signal. The
transmission rates for  each value of the power-control signals are, for
example, 1.25 ins for cdmaOne (IS 25 95)1CDMA2000, and 0.66 ms for W CDMA..
The known uses of power-control signaling have been limited only to
adjusting the total power of the. signal transmitted from the communication
device.  Next generation communication devices, however, can use multiple
antenna elements (also referred to herein as a "smart antenna") for a
separation process known as spatial 



I 18 November 2005 filtering. Thus, a need exists for an improved system
and method that can combine the  advantages of power-control signaling with
the advantages of smart antennas. Summary of the Invention In accordance
with a first aspect of the invention, there is provided a method for a
first  communication device to communicate with a second communication
device over a  communication link, the first communication device having a
plurality of antenna elements,  the method comprising; receiving a
quality-indication signal from the second communication  device;
calculating a complex weighting based on the quality-indication signal;
modifying a  pre-transmission signal based on the complex weighting to
produce a plurality of modified  pre-transmission signals, each modified
pre-transmission signal from the plurality modified  pre-transmission
signals being uniquely associated with an antenna element from a plurality
antenna elements; and sending the plurality of modified pre-transmission
signals from the  plurality of antenna elements to produce an effective
combined transmitted signal, the  complex weighting being associated with a
total power of the transmitted signal and at least  one from a phase
rotation and a power ratio associated with each antenna element from the
plurality of antenna elements. In accordance with a second aspect of the
invention, there is provided a method for  improving system performance of
a first communication device, comprising; receiving a  quality-indication
signal from a second communication device and a pre-transmission signal;
dividing the pre-transmission signal into a first signal component and a
second signal  component; adjusting at least one characteristic associated
with at least one from the group  of the first signal component and the
second signal component based on the quality- indication signal, the at
least one characteristic being from the group of a power ratio and a  phase
rotation; and combining the first signal component and the second signal
component to  produce a transmit signal component uniquely associated with
an antenna element from a  plurality of antenna elements, the transmit
signal component for each antenna element from  the plurality of antenna
elements being a low-correlation version of the pre-transmission  signal.
In accordance with a third aspect of the invention, there is provided a
first  communication device having a plurality of antenna elements,
comprising; a control-logic  



component, the control-logic component receiving a quality indication
signal from a second  communication device and producing a plurality of
complex weights; and a plurality of circuits  coupled to the control-logic
component, each circuit from the plurality of circuits being  uniquely
associated with an antenna element from the plurality of antenna elements,
each 2 18 November 2005 circuit from the plurality of circuits producing a
modified-pre-transmission signal based on the  plurality of complex
weights, the plurality of complex weights being associated with a total
power of a transmitted signal and at least one from a phase rotation and a
power ratio  associated with each antenna element from the plurality of
antenna elements. In accordance with a fourth aspect of the invention,
there is provided a first  communication device, comprising; a baseband
system, the baseband system configured to  send a pre-transmission signal;
a quality-indication based signal modifier coupled to the  baseband system,
the quality-indication based signal modifier configured to modify a
characteristic of the pre-transmission signal based on a quality-indication
signal received from  a second communication device to produce a plurality
of modified-pre-transmission signals;  and a plurality of antenna elements
coupled to the quality-indication based signal modifier,  each
modified-pre-transmission signal from the plurality
modified-pre-transmission signals  being uniquely associated with an
antenna element from the plurality antenna elements, each
modified-pre-transmission signal from the plurality of
modified-pre-transmission signal being a  low-correlation version of the
pre-transmission signal. In accordance with a fifth aspect of the
invention, there is provided a method for a first  communication device to
communicate with a second communication device over a  communication link,
the first communication device having a plurality of antenna elements,  the
method comprising; receiving a quality-indication signal from the second
communication  device, the quality-indication signal comprising a
power-control bit according to a Code- Division Multiple-Access (CDMA)
protocol, the power-control bit having a value for each time  period from a
plurality of time periods, the power-control bit being generated by the
second  communication device and indicating an adjustment to a power of a
transmitted signal at the  first communication device so that a
predetermined threshold requirement for the second  communication device
can be satisfied; calculating a complex weighting based on the quality-
indication signal, the transmitted signal including a first power control
group (PCG) and a  



second PCG, the first PCG being associated with its own phase rotation
having a value and  its own power ratio having a value, the second PCG
being associated with its own phase  rotation having the phase rotation
value of the first PCG plus a phase offset and its own  power ratio having
the power ratio value of the first PCG plus a power ratio offset, the
calculating of the complex weighting comprising; adjusting a total power of
the transmitted  signal based on the received power control bit; adjusting
the phase rotation associated with  the first PCG and the phase rotation
associated with the second PCG if the value for the  power-control bit at
the most recent time period differs from the value for the power-control
bit  at the second most recent time period; and adjusting the power ratio
associated with the first  PCG and the power ratio associated with the
second PCG while maintaining the total power  of the transmitted signal if
the value for the power-control bit at the most recent time period  differs
from the value for the power-control bit at the second most recent time
period; 2a 18 November 2005 modifying a pre-transmission signal based on
the complex weighting to produce a plurality of  modified pre-transmission
signals, each modified pre-transmission signal from the plurality  modified
pre-trans mission signals being uniquely associated with an antenna element
of the  plurality antenna elements; and sending the plurality of modified
pre-transmission signals  from the plurality of antenna elements to produce
the effective combined transmitted signal,  the complex weighting being
associated with the total power of the transmitted signal and at  least one
from a phase rotation and a power ratio associated with each antenna
element from  the plurality of antenna elements. In accordance with a sixth
aspect of the invention, there is provided a method for  communicating a
signal, comprising; receiving at a first communication device one or more
quality-indication signals from one or more second communication devices,
the first  communication device comprising a plurality of antenna elements;
calculating a complex  weighting according to the one or more
quality-indication signals; modulating at least a subset  of a plurality of
pre-trans mission signals in accordance with the complex weighting, a pre-
transmission signal of the plurality of pre-transmission signals associated
with an antenna  element of the plurality antenna elements, the subset of
pre-transmission signals modulated  by adjusting at least one modulation
feature of a plurality of modulation features; and sending  the plurality
of pre-transmission signals from the plurality of antenna elements to yield
a  



combined transmitted signal, the complex weighting associated with an
optimization of the  combined transmitted signal. In accordance with a
seventh aspect of the invention, there is provided a first  communication
device for communicating a signal, comprising; control logic operable to;
receive one or more quality-indication signals from one or more second
communication  devices; and calculate a complex weighting according to the
one or more quality-indication  signals; and one or more circuits coupled
to the control logic and operable to modulate at  least a subset of a
plurality of pre-transmission signals in accordance with the complex
weighting, the subset of pre-transmission signals modulated by adjusting at
least one  modulation feature of a plurality of modulation features; and a
plurality of antenna elements  coupled to the one or more circuits and
operable to transmit the plurality of pre-transmission  signals to yield a
combined transmitted signal, a pre-transmission signal of the plurality of
pre- transmission signals associated with an antenna element of the
plurality antenna elements,  the complex weighting associated with an
optimization of the combined transmitted signal. In accordance with an
eighth aspect of the invention, there is provided a system for
communicating a signal, comprising; means for receiving at a first
communication device one  or more quality-indication signals from one or
more second communication devices, the first  communication device
comprising a plurality of antenna elements; means for calculating a
complex weighting according to the one or more quality-indication signals;
means for  modulating at least a subset of a plurality of pre-transmission
signals in accordance with the 2b 18 November 2005 complex weighting, a
pre-transmission signal of the plurality of pre-transmission signals
associated with an antenna element of the plurality antenna elements, the
subset of pre- transmission signals modulated by adjusting at least one
modulation feature of a plurality of  modulation features; and means for
sending the plurality of pre-transmission signals from the  plurality of
antenna elements to yield a combined transmitted signal, the complex
weighting  associated with an optimization of the combined transmitted
signal. In accordance with a ninth aspect of the invention, there is
provided a method for  communicating a signal, comprising; receiving at a
first communication device one or more  quality-indication signals from one
or more second communication devices, the first  communication device
comprising a plurality of antenna elements operable to transmit a  



transmitted signal, the plurality of antenna elements associated with a
plurality of modulation  features comprising; a total power of the
transmitted signal, a phase rotation associated with  an antenna element, a
power ratio associated with an antenna element, an amplitude  associated
with an antenna element, a time delay associated with an antenna element,
and a  frequency shift associated with an antenna element, the modulation
features comprising a  first set of modulation features and a second set of
modulation features, the one or more  quality-indication signals comprising
at least one of a frame quality indicator and a power- control bit, the
power-control bit indicating a requested adjustment to a power of the
transmitted signal associated with the first communication device, the
first communication  device operable to communicate with the one or more
second communication devices using  one or more communication links
configured according to at least one of: a Code Division  Multiple Access
(CDMA) protocol, a Time Division Multiple Access (TDMA) protocol, a
Frequency Division Multiple Access (FDMA) protocol, the first communication
device and the  one or more second communication devices are at least one
of, the first communication  device comprises a subscriber communication
device, and the one or more second  communication devices comprise one or
more base stations; the first communication device  comprises a base
station, and the one or more second communication devices comprise one  or
more subscriber communication devices; the first communication device
comprises a first  base station, and the one or more second communication
devices comprise one or more  second base stations; and the first
communication device comprises a first subscriber  communication device,
and the one or more second communication devices comprise one or  more
second subscriber communication devices; calculating a complex weighting
according  to the one or more quality-indication signals, the one or more
quality-indication signals  comprising a plurality of power control groups,
the complex weighting calculated by  performing at least one of, adjusting
at least a subset of the plurality of modulation features;  substantially
optimizing a first modulation feature of the plurality of modulation
features, and  maintaining a second modulation feature of the plurality of
modulation features; substantially  minimizing a total power of the
transmitted signal, and maintaining a modulation feature of the 2c 18
November 2005 plurality of modulation features; adjusting a first
modulation feature of the plurality of  modulation features, and
maintaining a second modulation feature of the plurality of  



modulation features; substantially adjusting a total power of the
transmitted signal, and  maintaining a modulation feature of the plurality
of modulation features; adjusting a first  modulation feature of the
plurality of modulation features while maintaining a second  modulation
feature of the plurality of modulation features, and adjusting the second
modulation feature while maintaining the first modulation feature;
adjusting a first modulation  feature of the plurality of modulation
features while maintaining a second modulation feature  of the plurality of
modulation features until a first steady state is obtained, adjusting the
second modulation feature while maintaining the first modulation feature,
and adjusting the  first modulation feature while maintaining the second
modulation feature until a second steady  state is obtained; detecting a
first steady state of the one or more quality-indication signals,
adjusting a phase rotation associated with an antenna element of the
plurality of antenna  elements, selecting a first direction for the phase
rotation associated with the antenna  element, and adjusting the phase
rotation in the first direction until a second steady state of  the one or
more quality-indication signals is detected; adjusting the first set of
modulation  features while maintaining the second set of modulation
features if a first bit value for a  power-control bit at a first time
period corresponds to a second bit value for a power-control  bit at a
second time period, and adjusting the second set while maintaining the
first set if the  first bit value differs from the second bit value; and
adjusting a total power of the transmitted  signal while maintaining one or
more modulation features of the plurality of power control  groups if a
first bit value for a power-control bit at a first time period corresponds
to a second  bit value for a power-control bit at a second time period, and
adjusting the one or more  modulation features of the plurality of
modulation features while maintaining the total power of  the transmitted
signal if the first but value differs from the second bit value; modulating
at  least a subset of a plurality of pre-transmission signals in accordance
with the complex  weighting, a pre-transmission signal of the plurality of
pre-trans mission signals associated  with an antenna element of the
plurality antenna elements, the subset of pre-transmission  signals
modulated by adjusting at least one modulation feature of the plurality of
modulation  features, at least the subset of the plurality of
pre-transmission signals modulated in  accordance with the complex
weighting by: dividing a pre-transmission signal into a first  signal
component and a second signal component; adjusting the first signal
component and  the second signal component in accordance with the complex
weighting; and combining the  first signal component and the second signal
component; and sending the plurality of pre- 



transmission signals from the plurality of antenna elements to yield the
combined transmitted  signal, the complex weighting associated with an
optimization of the combined transmitted  signal, the optimization of the
combined transmitted signal further comprising at least one of; 2d 18
November 2005 minimizing a total power of the combined transmitted signal,
and managing interference  between the first commnucation device and the
one or more second communication devices. Communication is performed for a
first communication device having a set of antenna  elements. A
quality-indication signal is received from a second communication device
(e.g., a  basestation). A complex weighting is calculated based on the
quality-indication signal. A  modulated pre-transmission signal is modified
based on the complex weighting to produce a  set of modified
pre-transmission signals. Each modified pre-transmission signal from the
set  of modified-pre-transmission signals is uniquely associated with an
antenna element from the  set of antenna elements. The set of modified
pre-transmission signals is sent from the set of  antenna elements to
produce a transmitted signal. The complex weighting is associated with
total power of the transmitted signal and at least one from a phase
rotation and a power ratio  associated with each antenna element from the
set of antenna elements. Brief Description of the Drawings FIG.1 shows a
system block diagram of a communication network according to an  embodiment
of the invention. FIG.2 shows a system block diagram of a transmitter for
the subscriber  communication device shown in FIG. 1. FIG.3 shows a system
block diagram of a basestation and subscriber communication  device
according to a known system. FIG.4 shows a system block diagram of a
basestation and a subscriber  communication device having two transmitting
antennas, according to an embodiment of the  invention. FIG.5 illustrations
a portion of the transmitter system for subscriber communication  device,
according to another embodiment of the invention. FIG.6 shows an example of
a system block diagram of the vector modulator,  according to an embodiment
of the invention. FIG. 7 shows a portion of the transmitter for the
subscriber communication device  



according to another embodiment of the invention. 2e 18 November 2005 WO
021099,199 PCT/USO2/14437 FIG- 8 shows a transmitted portion of a
subscriber. communication device  according to yet another embodiment of
the invention. FIG. 9.shows a flowchart for calculating the complex
weighting by  adjusting the phase rotation. associated with each antenna
element, according to one  5 embodiment. FIG- 10 shows a flowchart for
calculating the complex weighting by  adjusting the phase rotation
associated with each antenna element, according to another  embodiment.
FIG- 1 I shows a flowchart for calculating the complex weighting by 10
adjusting the phase rotation associated with each antenna element,
according to yet  another embodiment. FIG. 12 shows a flowchart for
calculating the complex weighting by  adjusting the power ratio and the
phase rotation associated with each antenna clement,  according to an
embodiment of the invention. 15 FIG. 13 shows a flowchart for calculating
the complex weighting by  adjusting the power ratio and the phase rotation
associated with each antenna element,  according to another embodiment of
the invention. Detailed Description A transmitted signal sent from a
.subscriber communication device to a  20 second communication device
(e.g., a basestation) can be weakened by time or by
propagation-geometry-depeudent fading and multipath. In other words, a
signal sent  from a subscriber communication device to a basestation will
undergo destructive  interference due to the tact that the transmitted
signal propagates along different paths  and reaches the basestation as a
combination of the signals each having a different 25 phase Accordingly, by
controlling the phase of We transmitted signal at the  subscriber
communication device, the combination of signals received at the  



basestation can constructively interfere rather than destructively
interfere, or  alternatively reduce the intensity of the destructive
interference. The phase of the 30 transmitted signal can be controlled
through the use of multiple antenna elements at the  subscriber c
oxmut.unication device. If the rate at which the transmitted signal is
controlled exceeds the rate of fading, then the basestation will receive
the transmitted 3 18 November 2005 WO (c)21099}99 PCT/IIS02/14437 signal at
a relatively constant rate of power at a substantially optimizes] power.
Because the rate of fading is relatively slow (e.g., between few Hz and a
couple of  hundred Hz) compared to the rate of power-control signaling in
certain known  communication protocols (e.g., around 1000s of Hz),
power-control signaling can be 5 used to tune a smart antenna to
substantially optimize the transmission of signals from a  subscriber
communication device to a basestation. The tuning of the subscriber
communication device is done through the use  of complex weighting, The
signals associated with each antenna clement from a set of  multiple
antenna elements can be adjusted based on the complex weighting. The term
10 "complex weighting" relates to real and imaginary components of a
signal; which can  be varied to define the magnitude and phase of the
signal. Because each of these  signals can be adjusted differently, each
signal is a low-correlation version of the pre- transmission signal upon
which the transmitted signal is based. In other words, the  signals
associated with each antenna element can be adjusted separately from each
15 other based on the complex weighting so that these signals are a
low-correlation  version of the pre-transmission signal. The complex
weighting is calculated to adjust  the total power of the transmitted
signal and the phase rotation and/or power ratio  associated with each
antenna element. Note that term "quality-indication signal" is used herein
to mean a signal  20 having information about the quality of the
communication Iink between a  communication source sending the signal with
multiple antenna elements and a  communication device receiving the signal.
For example, the quality-indication signal  can be a power-control signal
according to a code-division multiple access (CDMA)  



protocol. Such a CDMA protocol can be, for example, CDMA-IS-95 A/B, CDMA 25
2000 IX/RTT, CDMA 2000 3X, CDMA EV-DO, widebandd CDMA (WCDMA), third-
generation (3G) Universal Mobile Telecommunications System (UMTS) and
fourth- generation (4G) UMTS. In fact, although the embodiments described
herein are often  in reference to such a power"-control signal, any typo of
quality-indication signal in  accordance with any type of communication
protocol can be appropriate. 30 In addition, although the embodiments
described herein are in reference to a  basestation sending a quality
indication signal to a subscriber communication device  having multiple
antenna elements; alternative embodiments are possible. For example, 4. 18
November 2005 WO 02/099999 ?CT/US0211.f137 in alternative embodiments, a
quality-indication signal can he sent from a subscriher  communication
device to a basestation having multiple antenna elements.  Alternatively, a
quality-indication signal can be sent from one communication device to
another communication device having multiple antenna elements. 5 FIG_ I
shows a system block diagram of a wireless communication network  according
to an embodiment of the invention. As shown in FIG. 1, network 100 is
coupled to basestation 110, which includes antenna I 11. Subscriber
communication  device 120 is coupled to basestation 110 by, for example, a
wireless communication  link 130. Subscriber communication device 120
includes baseband subsystem 121, 14 quality-indication based signal
modifier 122, radio subsystem 123, receive antenna 124,  array of transmit
antennas 125, and application subsystem 126, which handles the
voice/dataldisplaylkeyboard, etc. The baseband subsystem 121 comprises two
main  portions: a modulator 140 and a demodulator 129. The radio subsystem.
123 comprises  two main portions: a receiver 127 and a multi-channel
transmitter 128 15 Baseband subsystem 121, quality-indication based signal
modifier 122, she  multi-channel transmitter 128, and transmit antenna
x-ray 125 are portions of a.  transmitter for subscriber communication
device 120. Baseband subsystem 121 is the portion of the wireless
communications  system that receives a modulated received signal 141,
demodulates it to prod-ace 20 demodulated received signal 142 and to
extract the quality indicator sent from the other  



side of the wireless link 130. Demodulated received signal 142 is provided
to  application subsystem 126. The extracted quality indicator is fed into
the quality- indication based signal modifier 122 via quality-indication
signal 143. Quality- indication based signal modifier 122 modifies the
pre-transmission signal 145 in such a 25 way that the other side of the
wireless link 130 (e.g., basestation 110), undergoes  improved reception
without necessarily increasing the combined power level  transmitted from
the subscriber communication device 120. Rather, by manipulating  the
weights of the various power amplifiers that feed their respective antenna
elements in the array of transmit antennas 125, better multipath behavior
is achieved at the other  30 side of the wireless link 130 (e.g., at
basestation 110), as explained in further detail below. Said another way,
application subsystem 126 receives information for  transmission such as,
for example, data and/or voice information. Application 5 18 November 2005
WO 02/099999 PCT/US02/14437 subsystem 126 sends an unmodulated transmission
signal 144 to modulator 140 of  baseband subsystem 121. Modulator 140
modulates unmodulated transmission signal  144 to produce pre-transmission
signal 145, which is provided to quality-indication  signal modifier 122.
Quality-indication signal modifier calculates a complex weighting 5 based
on the quality-indication signal 143 and modifies the pre-transmission
signal to  produce a plurality of modified pre-transmission signals 146.
Each modified pre- transmission signal is uniquely associated with an
antenna element from the array of  transmit antennas 145. The modified
pre-transmission signal 146 is sent to multi- channel transmitter 128,
which forwards the modified pre-transmission signals 146 to 10 the array of
transmit antennas 125. The array of transmit antennas 125 sends an
effective combined transmitted signal based on the modified
pre-transmission signal 146. FIG. 2 shows a system block diagram of a
transmitter for the subscriber  communication device shown in FIG. 1_ The
transmitter system 200 includes baseband 15 subsystem 210,
quality-indication based signal modifier 220, radio subsystem 230,  power
amplifiers 241, 242, 243 and 244, and antenna elements 251, 252. 253 and
254.  Baseband subsystem 210, quality-indication based signal modifier 220,
radio  



subsystem 230, antenna elements 25 1, 252, 253 and 254, correspond to
baseband  subsystem 121, quality-indication based signal modifier 122,
radio subsystem 123, and 20 transmit antenna array 125, shown in FIG. I _
Note that although the subscriber communication device is shown FIG. 2 as
having four antenna elements 251 through 254 and four corresponding power
amplifiers 241 and 244, any number of two or more antenna elements (and
corresponding power amplifiers) is possible. Thus, it will be understood
that although 25 the subscriber communication device, is described herein
as having four antenna  elements, other embodiments can have any number of
two or more antenna elements- Baseband subsystem 210 is coupled to
quality-indication based signal modifier 220 and sends a pre-transmission
signal 260 and a quality-indication signal  270. Quality-indication based
signal modifier 220 includes vector modulator 221 and  30 control logic
222. Quality-indication signal modifier 220 is coupled to radio subsystem
230 and power amplifiers 241 through 244. More specifically,
quality-indication based  signal modifier 220 provides modified
pre-transmission signals to radio subsystem 230. 6 18 November 2005 WO
021099999 PCTIUS62/ 14437 Control logic 222 of quality-indication based
signal modifier 220 provides complex  weighting to vector modulator 221 and
power amplifiers 241 through 244, as described  below in further detail.
Radio subsystem 230 receives the modified pre-transmission signal from 3
quality indication based signal modifier 220. The modified pre-transmission
signal ran  be, for example either baseband signals, IF signals, or RF
signals. Radio subsystem  230 converts the received pre-transmission signal
into radio frequency (RF) signals,  which arc provided to power amplifiers
241 through 244. Power amplifiers 241 through 244 each receive RF modified
pro 10 transmission signals and amplify those signals for transmission,
Power amplifiers 241  through 244 are coupled to antenna elements 251
through 254, respectively- Power  amplifiers 241 through. 244 provide the
amplified signals to antenna elements 251  through 254, each of which sends
its respcetive RF modified pro-transmission signal to  



produce a transmitted signal. In other words, each antenna element 251
through 254 15 sends a respective signal component all of which form a
transmitted signal.  PIG. 3 shows a system block diagram of a basestation
and subscriber  communication device according to a known system. This is
helpful for understanding  how prior CDMA basestation systems employ a
power-control signal to adjust the  transmit power of the subscriber
communication device. 20 In FIG. 3, basestation 300 includes receiver (Rx)
310 and transmitter (Tx)  320. Receiver 310 includes demodulator 312,
signal-to- noise ratio (SNR) or RSSI (RF  Signal Strength Indicator)
estimator 313 and power control bit generator 314. Receiver  310 is coupled
to antenna 311. Transmitter 320 includes modulator 321, multiplexer  322
and power amplifier (PA) 323. Transmitter 320 is coupled to antenna 324. 25
Subscriber communication unit 350 includes receiver 360, transmitter 370,
duplexer/diplexer 380 and antenna 390. Duplexer/diplexer 380 can comprise a
filter  separating different bands like cellular service versus Personal
Communication Service  (PCS), and/or separation of receive/transmit;
typically, duplexer/diplexer 380 has one  por t connected to one antenna,
and other port connected to various radio circuitries that 30 operate
either simultaneously or alternatively. Receiver 360 includes demodulator
361.  Transmitter 370 includes modulator 371, power control logic 372,
power amplifier  (PA) 373 and radio subsystem 374. 7 18 November 2005 WO
02/099999 PCT/US02111437 Antenna 311 at the basestation receiver 310 is
coupled to demodulator .312,  which is in turn coupled to SNR or RSSI
estimator 313. SNR or RSSI estimator 313 is  coupled to power control bit
generator 314, which is in turn coupled to multiplexer 322.  Multiplexer
322 is also coupled to modulator 321 and power amplifier (PA) 323, which  5
is in turn coupled to antenna 324. Antenna 390 at the receiver 360 of
subscriber communication device 350 is  coupled to duplexer/diplexer 380.
Duplexer/diplexer 380 relays received signals from  antenna 390 to receiver
360 and relays signals sent from transmitter 370 to antenna  390. More
specifically, duplexer/diplexer 380 is coupled to demodulator 361, which is



10 coupled to power control logic 372. Taming to the transmitter 370,
modulator 371 receives the pre-transmission  signal for transmission and
provides it to radio subsystem 374. Radio subsystem 374  converts the
pre-transmission signal into a RF signals, and forwards it to power
amplifier 373. Power amplifier 373 is also coupled to power-control logic
372, which  15 provides power control information. More specifically, the
received signals include a  quality-indication signal such as, for example,
a power control signal having one or  more power-control bits. These
power-control bits indicate the manner in which the  subscriber
communication device should modify the total power of the transmitted
signal. The power control indication is originally generated at the other
side of the 20 wireless communications link (e.g_, basestation 300), and is
sent back to the subscriber  communication unit 350 to obtain improved
signal quality in such a way that will  produce reduced interference. These
power-control bits are provided to power  amplifier 373, which adjusts the
total power for the transmitted signal based on the  power-control bits.
Power amplifier 373 is coupled to duplexer/diplexer 380, which 25 forwards
the amplified pre-transmission signal to antenna element 390 for
transmission.  Note that in the known subscriber communication device 350,
the power  control logic 372 provides information based on the received
power control bit to  power amplifier 373. The only adjustment to the
transmit signal is an adjustment to the  power amplifier output level. 30
FIG. 4 shows a system block diagram of a basestation and subscriber
communication device according to an embodiment of the invention-
Basestation 400  includes a receiver (Rx) 410 and transmitter (Tx) 420.
Receiver 410 includes antenna 8 18 November 2005 WO 021019`1J9
PCTIUS02/J4437 411, demodulator 412, SNR or RSSI estimator 413 and power
control bit generator  414. Transmitter 420 includes modulator 421,
multiplexer 422, power amplifier (PA)  423 and antenna 424. Subscriber
communication unit 450 includes receiver 460, transmitter (Tx)  S 470, dual
duplexer/diplexer 480 and antennas 490 and 495. Dual duplexerldiplexer 480
is, for example, a set of two units, each comprising a duplexer/diplexer.
Receiver 460  



'includes demodulator 461. Transmitter 470 includes quality-indication
based signal  modifier 475, which includes vector modulator 471 and power
control logic 472.  Transmitter 470 also includes radio subsystems 476 and
477, and power amplifiers 473  10 and 474. Antenna 411 at the basestation
receiver 410 is coupled to demodulator 412,  which is in turn coupled to
SNR estimator 413. SNR or RSSJ estimator 413 is coupled  to power control
bit generator 414, which is in turn coupled to multiplexer 422. Multiplexer
422 is also coupled to modulator 421 and power amplifier 423, which is in
15 turn coupled to antenna 424, Subscriber communication unit 450 includes
antennas 490 and 495 that are  used for both reception and transmission,
and are coupled to dual duplexerldiplexer  480. Dual duplexer/diplexer 480
is coupled to receiver 460 and transmitter 470. Note  that for the purpose
of this embodiment, the receiver may use only one of the two 20 antennas
490 and 495, or a combination of them. Receiver 460 includes demodulator
461, which is coupled to control logic 472 of quality-indication based
signal modifier  475. Control logic 472 is coupled to vector modulator 471
of quality-indication based  signal modifier 475. Vector modulator 471 is
coupled to radio subsystems 476 and  477. which are coupled to power
amplifiers 473 and 474, respectively. Power 25 amplifiers 473 and 474 are
also coupled to control logic 472. In addition, power  amplifiers 473 and
474 are coupled to antenna elements 490 and 495, respectively,  through
dual duplexer/diplexer 480. Demodulator 461 receives signals from antennas
490 and 495 via the dual  duplexer/diplexer 480 to produce a
quality-indication signal. This quality indication  30 signal can be, for
example, a power-control signal having one or more power-control  bits.
This quality-indication signal is provided to control logic 472. Note that
demodulator 461 performs other functions and produces other signals, which
are not 9 18 November 2005 WO 02/099999 PcTI1TS02114437 shown in FIG. 4 for
the purpose of clarity in the figure. Control logic 472 produces  complex
weighting values and forwards these complex weighting values to vector
modulator 471 and power amplifiers 473 and 474. Power amplifier 473 is
associated  



with antenna element 490 and power amplifier 474 is associated with antenna
element  5 495. Note that the control logic 472 is different from the power
control logic 372  of the brown subscriber communication device 350 shown
in FIG. 3. The power  control logic 372 merely provided power control
information to power amplifier 373,  whereas the control logic 472 shown in
FIG. 4 provides complex weighting to both the 10 vector modulator 471 and
the set of power amplifiers 473 and 474. This allows not  only the total
power of the transmitted signal to be adjusted based on the received
power-control bit, but in addition, allows the phase rotation and/or the
power ratio  associated with each antenna element 490 and 495 to be
adjusted based on the received  power control information. Accordingly,
this allows the transmitted signal to be 15 optimal with respect to its
reception by basestation 400. Once this optimized signal is  received by
basestation 400, basestation 400 can then send a power-control signal to
subscriber communication device 454 indicating that subscriber
communication 450  should adjust the total power of its transmitted signal.
Consequently, by optimizing the  transmitted signal, the total power of the
transmitted signal can be reduced, versus the 20 case of a communication
device with a single antenna, as described in FIG. 3. Such an  optimization
beneficially allows. for example, an increase in the battery lifetime of
subscriber communication unit 450, an increase in the cellular system
capacity of the  communication network, and a decrease in the radiation
hazard to the user of the  subscriber communication unit 450. 25 The
complex weighting provided by control logic 472 can be based on the  total
power of the transmitted signal and one or both of the phase rotation and
the  power ratio associated with each antenna element 490 and 495. PTG. 5
illustrates a portion of the transmitter system for subscriber
communication device, according to another embodiment of the invention.
Quality- 30 indicator based signal modifier 500 includes control logic 502,
analog-to--digital (A/D) converter 504, vector modulator 506 and
digital-to-analog (D/A), converters 508 10 18 November 2005 WO 02/099999
PCTIUS02/14437 through 509. D/A converter S0& is coupled to radio subsystem
510 and DIA converter  



509 is coupled to radio subsystem 512. Note that the 1]IA converters and
radio subsystems are repeated for a  number that corresponds to the number
of antenna elements. In other words, if  5 subscriber communication device
has N number of antenna elements, then the subscriber communication device
has N number of DIA converters and radio  subsystems. Thus, as shown in
FIG. 5, DIA converter 508 and radio subsystem 510 are  associated with one
antenna element from a set of antenna elements (not shown in FIG.  5). D/A
converter 509 and radio subsystem 512 are associated with a different
antenna 10 element from the set of antenna elements. Any remaining antenna
elements from the  set of antenna elements are each also uniquely
associated with a DIA converter and a  radio subsystem. The
quality-indicator based signal modifier 500 receives an IF pre-
transmission signal and power-control signal. The IFpre-transmission signal
is 15 received by AID converter 504, which converts the analog
prof-transmission signal to a  digital form. The AID converter 504 forwards
the digital pre transmission signal to  vector modulator 506. The power
control signal is received by control logic 502, which  determines complex
weighting values. The complex weighting is calculated by determining the
appropriate  20 weighting value associated with the in-phase signal
component and the quadrature  signal component associated with each antenna
element. For example, in the case  where the phase rotation is being
adjusted, the weighting value for the in-phase signal  component will be
different than the weighting value for the quadrature signal  component. hi
the case where the power ratio is being adjusted, the weighting value 25
for the in-phase signal component and-the weighting value for the
quadrature signal  component are simultaneously increased or decreased for
a given antenna element in  parallel. Finally, in the case where the total
power of the transmitted signal is being  adjusted, the weighting value for
the in-phase signal component and the weighting  value for the quadrature
signal component are simultaneously increased or decreased 30 for all of
the antenna elements in parallel. Control logic 502 provides the complex
weighting values to vector  modulator:506_ Vector modulator 506 receives
the digital pre-transmission signal from 1 1 



18 November 2005 WO 02/699999 PCTIUS02/14437 A/D converter 504 and the
complex weighting values from control logic 502. Vector  modulator 506
splits the pre-transmission signal into a number of pre-transmission
.signals corresponding to the number of antenna elements. The vector
modulator 506  then applies the complex weighting to the various
pre-transmission signals so that each 5 pre-transmission signal, which
uniquely corresponds to an antenna element, modifies  the respective
pre-transmission signal based on the complex weighting values. The
modified pre-transmission signals are then provided to D/A converters 508
through  509, which convert the pre-transmission signal from digital to
analog form. Those pra- transmission signals are then provided to radio
subsystems 510 through 512, 10 respectively, which then convert the IF form
of the pre-transmission signals into an RF  form. These signals are then
forwarded to power amplifiers and respective antenna  elements (not shown
in FIG. 5). PIC. 6 shows a system block diagram of the vector modulator
shown in FIG. 5. Vector modulator 506 includes filter 610, in-phase signal
adjusters 620 through  15 630, quadrature signal adjusters 640 through 650,
and combiners 660 through 670. The in-phase signal adjuster 620, the
quadrature signal adjustor 640 and the  combiner 660 are all uniquely
associated with an antenna element from the set of  antenna elements (not
shown in FIG. 6). This set of components is repeated within  vector
modulator 506 corresponding to the number of remaining antenna elements for
20 the subscriber communication device. Thus, as shown in FIG. 6, in-phase
signal  adjuster 630, quadrature signal adjuster 650 and combiner 670 are
also shown for  another antenna element of the subscriber communication
device. Filter 610 receives the digital pre-transmission signal from A/D
converter  504. Filter 610 divides the received pre-transmission signal
into in-phase and 25 quadrature components. The in-phase component of the
pre-transmission signal is  provided to in-phase signal adjusters 620
through 630_ The quadrature component of  the pre-transmission signal is
provided to quadrature signal adjusters 640 through 650.  Tim-phase signal
adjusters 620 through 630 and quadrature signal adjusters 640 through  650
receive complex weighting values from control logic 502. In phase signal 30
adjusters 620 through 630 and quadrature signal adjusters 640 through 650
apply the,  



complex weighting to the pre-transmission signal components to produce
modified pre- transmission signals. In-phase signal adjusters 620 through
630 and quadrature signal 12 18 November 2005 WO 021099999 PCT/US02/14437
adjusters 640 through 650 provide modified pre-transmission signals to
combiners 660  and 670, respectively. Combiners 660 and 670 then add the
respective modified pre  transmission signals and forward the added signals
to DIA converters 508 and 509,  respectively. 5 FIG. 7 shows a portion of
the transmitter for the subscriber communication  device according to
another embodiment of the invention. The transmitter portion  shown in FIG.
7 receives analog baseband signals (labeled in FIG. 7 as "Baseband I
Channel Data Signal (In)" and "Baseband Q Channel Data Signal (In)") into a
quality- indicator signal modifier 700. 10 Quality-indicator based signal
modifier 700 includes AID converters 710  and 715, filters 720 and 725,
vector modulator 730, control logic 740, combiners 750  and 755, and D/A
converters 760 and 765. DIA converters 760 and 765 of quality- indicator
signal modifier 700 arc coupled to radio subsystem 770 and 780,
respectively. AID converter 710 receives the baseband in-phase signal. AID
converter 15 715 receives the base-band quadrature pre-transmission signal.
AID converters 710 and  715 are coupled to filters 720 and 725,
respectively, which are in turn coupled to vector  modulator 730. Control
logic 740 receives the power-control signal and forwards  complex weighting
values to modulator 730. Vcctor modulator 730 is coupled to  combiners 750
through 755. 20 . Combiner 755, DIA converter 760 and radio subsystem 770
uniquely  correspond to a given antenna element from the set of antenna
elements for the  subscriber communication device (not shown in PIG. 7).
This set of components is also  present corresponding to the number of
antenna elements for the subscriber  communication device. Consequently,
combiner 755, DIA converter 765 and radio 25 subsystem 780 are also shown
corresponding to a different antenna element from the  set of antenna
elements. Any number of additional sets of components can be present
corresponding to the number of antenna elements. 



PIG. 8 shows a transmitter portion of a Subscriber communication device
according to yet another embodiment of the invention. More specifically,
FIG_ 8 shows  30 a quality-indicator signal modifier that receives baseband
digital signals. Quality-indicator based signal modifier- 800 includes
vector modulator 810,  control logic 802, D/A converters 830, 835, 840 and
845, and combiners 850 and 860. 13 18 November 2005 W0 02/09999
PCT/US02/14437 Combiners 850 and 860 of quality-indicator based signal
modifier 800 are coupled to  radio subsystems 870 and 880, respectively.
Control logic 820 receives a power-control signal and produces complex
weighting values, which are provided to vector modulator 810. Vector
modulator 810  5 also receives a digital baseband in phase pre-transmission
signal and a digital baseband quadrature pre-transmission signal. Vector
modulator 810 splits the in-phase and  quadrature pre-transmission signal
components into a number of signals that  correspond to the number of
antenna elements for the subscriber communication  device. The complex
weighting values are then applied to the in-phase and quadrature 10
pm-transmission signal associated for each antenna clement from the sot of
antenna  elements for the subscriber communication device to produce
modified pre- transmission signals. These modified pre-transmission signals
are then provided to  D/A converters 830. through 845, which convert the
digital form of the modified pre- transmission signals into analog form and
forward these pre-transmission signals to 15 combiners 850 and 860,
respectively. Combiner 850 receives the in-phase and  quadrature components
of the modified pre-transmission signals from D/A converters  830 and 835,
respectively. Combiner 850 adds these two signals and forwards the  added
signal to radio subsystem 870_ Similarly, combiner 860 receives the analog
in- phase and quadrature signal components of the modified pre-transmission
signals from 20 D/A converters 840 and 850, respectively and adds the
signals. Combiner 860 adds  these two signals and forwards the added
signals to radio subsystem 880. FIG. 9 shows a flowchart for calculating
the complex weighting by  adjusting the phase rotation associated with each
antenna element, according to an  embodiment. Although FIG. 9 will be
described in reference to FIGS. 1, 5 and 6 for 



25 convenience, the method described in reference to FIG. 9 can be used
with any  configuration of a subscriber communication device. In addition,
although the quality- indication signal can be any appropriate type of
signal that provides information to the  subscriber communication device on
the quality of the signal, for convenience of discussion, the quality
indication signal is assumed be to power-control signal  30 according to
the CDMA protocol. At step 900, a power indication signal is sent from
basestation 110 to  subscriber communication device 120 via wireless
connection 130. At step 910, the 14 . 18 November 2005 WO 02109999,9
PCT/US02/14437 power-control signal is sent from the baseband subsystem 121
to the quality-indicator  based signal modifier 122 (also shown as
quality-indicator based signal modifier 500 in  FIG. 5). The power-control
signal according to the CDMA protocol indicates one of  two possible values
for any given time period: an "up" value or a "down" value. An 5 "up" value
represents an indication from the baestation to the subscriber
communication device that the subscriber communication device should
increase the  total power of its transmitted signal. A "down" value
represents an Indication from the  basestation to the subscriber
communication device that the subscriber communication  device should
decrease the total power of its transmitted signal. The, particular value
of 10 the power-control signal Js also referred to herein as including a
power-control W4  which represents either the up or down values in binary
form. At step 920, the process is held until the, power-control signal
reaches a  steady state. The power-control signal can reach a steady state
in a number of ways.  For example, a consecutive sequence of power-control
signals of up-down-up or down 15 up-down. Once the power-control signal
roaches a steady state, the process procceds to  step 930. At step 930, the
phase rotation associated with one antenna element is  adjusted. Returning
to FIGS. 5 and 6, control logic 502 calculates a new complex  weighting so
that the phase rotation for one antenna element is changed. This complex 20
weighting is provided to the signal adjusters for that antenna element
(e.g., signal  



adjusters 620 and 640, or signal adjusters 630 and 650)~ Upon receiving the
complex- weighting, these signal adjusters adjust Elie, phase rotation
thereby modifying the signal  component sent from that antenna element and,
consequently, modifying the total  power of the transmitted signal. 25 At
conditional step 940, the, control log 502 determines whether the
power-control signal for a subsequent time period indicates a decrease,
e.g., represented  by a down value. If the power-control signal indicates a
decrease, then the adjustment  to the phase rotation for the one antenaa
element resulted in the basestation receiving  the transmitted signal more
optimally. In other words, because the basestation received 30 the
transmitted signal with increased total power, the basestation, will send a
down  indication in a subsequent power-control signal. The subscriber
communication device  can continue to attempt to optimize the phase
rotation for that antenna element and 15 18 November 2005 WO 02109"99
PCT/US02/14437 simultaneously reduce the total power of the transmitted
signal- The total power of the  transmitted signal can be reduced because
the subscriber communication device is  communicating with the basestation
in a more optimal manner. At conditional step 940, if the power control.
signal does not indicate a  5 decrease for the total power of the,
transmitted signal (e.g., the power-control signal  indicates an up value),
then the phase rotation adjustment was not effective and the  process
proceeds to step 950. At step 950, logic control 5022. changes the phase
rotation  associated with that antenna element to the opposite direction.
Then, the process  proceeds to step 920 where. steps 920 through 940 are
repeated based on the opposite  10 direction for the phase rotation. At
conditional step 940, if the power-control signal indicates a decrease for
the total power of the transmitted signal (e.g., the power-control. signal
indicates a down  value), then the phase rotation adjustment was effective
and the process proceeds to  step 960. At stop 960, the process is held
until the power-control signal reaches- a 15 steady state. At stop 970,
logic control 502 changes the phase rotation associated with  that antenna
element to the same direction. Then, the process proceeds to step 920  



where steps 920 through 940 are repeated based on the same direction for
the phase  rotation. FIG. 10 shows a flowchart for calculating the. complex
weighting by 20 adjusting the phase rotation associated with each antenna
element, according to yet  another embodiment. At step 1000, the process is
hold until the power-control signal  reaches a -steady state. Once the
power-control signal reaches a steady state, the  process proceeds to step
1010. At step 1010, the phase rotation associated with one  antenna element
is adjusted based of a new complex weighting calculated by control  25
logic 502. At conditional step 1020. the control logic 502 determines
whether the  power-control signal for a subsequent time period indicated a
decrease, for the total  power of the transmitted power, e.g., represented
by a down value. If the power- control signal indicates a decrease, then
the adjustment to the phase rotation for the one 30 antenna element
resulted in the basestation receiving thc transmitted signal more
optimally. Consequently, the selected direction for the phase rotation is
correct and 16 1 8 November 2005 WO 02/099999 PCT1US02114437 further
adjustments to the phase rotation in the same direction may result in a
further  optimized transmitted signal. At Conditional step 1020, if the
power-control signal does not indicate a  decrease for the total power of
the transmitted signal (e.g., the power-control signal  5 indicates an up
value), then the phase rotation adjustment was not effective and the
process proceeds to step 1030. At step 1030, logic control 502 changes the
phase  rotation associated with that antenna element to the opposite
direction. Then, the  process proceeds to step 1000 where steps 1000
through 1020 are repeated based on the  opposite direction for the phase
rotation. 10 At step 1040, logic control 502 changes the phase rotation
associated with  that antenna element in the same direction. At conditional
step 1050, the control logic  502 determines whether the power-control
signal for a subsequent time period indicated  a decrease, e.g.,
represented by a down value. If the power-control signal indicates a
decrease, then the adjustment to the phase rotation was effective and again
process 



15 proceeds to 1040. Stops 1040 and 1.050 arc repeated until the control
logic 502  determines that the power control signal for a subsequent time
period indicates an  increase for the total power of the transmitted power-
At this point, the optimum phase  rotation can be obtained by taking the
average of the phase rotations during step 1040  and the process proceeds
to step 1060. At step 1060, the phase rotation for the antenna 20 element
is returned to the previous optimal phase rotation value. Then, the process
proceeds to step 1000 where the process is repeated for another antenna
element. In  this manner, the process can be repeated for each antenna
element to obtain an overall  optimum for the multiple antenna elements.
FIG. 11 shows a flowchart for calculating the complex weighting by 25
adjusting the phase rotation associated with each antenna element,
according to another  embodiment. FIG. 1 I describes a method where the two
most recently received -values for the power-control bits are used to
determine the proper phase rotation, and  consequently, the proper complex
weighting. In this embodiment, the subscriber communication device using
the CDMA  30 protocol sends a signal of two adjacent power control groups
(PCGs) in such a manner  that the power associated with both PCGs are at
the same level P. To simplify this  discussion, assume for this embodiment
that the subscriber communication device has 17 18 November 2005 WO
02/09"99 PCT/US02114437 two antenna elements, although any number of
multiple antenna elements is Possible- The phase rotation of the second
antenna element relative to the first antenna element in  the first PCG is
Phi- The phase rotation of the second antenna element relative to the
first antenna element in the second PCG is Phi + Delta. The phase rotation
offset (referred to as."Delta!) introduced between the.  fast and second
PCG provides a mechanism to determine the direction of the phase  rotation
between the two antenna elements that will improve the signal quality
received  at the bagestation. Consequently, the complex weighting can be
calculated by the,  following: if the value of the power control bit for
the most most time period 10 corresponds to the value of the power-control
bit for the second most reccent time  



period, the total power of the transmitted signal is adjusted while
maintaining the, phase  rotation of the two antenna eIements (i.e.,
maintaning Phi),, if the value of the power- control bit for the most
recent time period differs from the value of the power-control  bit for the
second time, period, phase rotation of the two elements (Le- Phi) is
adjusted. 15 while maintaining the total power of the transimitted signal.
The following more fully  discusses this embodiment. At step 1100, a phase
rotation associated with one of the two antenna  elements is filitialized,
At step 1110, phase rotation offset (also referred to above as  Delta) is
introduced for two adjacent PCGs. Based on this introduced phase rotation
20 offset, a transmitted signal is sent from the subscriber communication
device to the  basestation. Then, the basestation sends a power-control
signal based on this received  transmitted signal. At conditional step
1120, a determination is made as to whether the two  most recently received
values for the power-control bit are smile. hi other words, the,  25
powcr-control bit will have a particular value for each time period. For
example, this time period for the CDM A and the. WC-J.)M.A protocols is
1-25 m-~ec and 666 Imee,  respectively. The determination at step 1120
compares the value. for the power-control  bit at the most recent time
period to the value for the power-control bit at the, second  most recent
time period. If the two values for the power-control bit correspond, the 30
process proceeds to step 1130. If the two values for the power-control bit
differ, the  process proceeds to step 1140. . is. 1 8 November 2005 WO
021099999 PCT/US02/14437 At step 1130, the total power of the transmitted
signal is adjusted while  maintaining the phase rotation for the antenna
element. Control logic 502 adjusts the  total power of the transmitted
signal and maintains the phase rotation for the two  antenna elements by
appropriately calculating new complex weighting; Then, the 5 process
proceeds to step 1110 so that the process is repeated. At step 1140, the
phase rotation for the two antenna elements is adjusted  while maintaining
total power of the transmitted signal. Control logic 502 adjusts. the
phase rotation for the antenna and maintains the total power of the
transmitted signal by  



appropriately calculating new complex weighting. Then, the process proceeds
to step  10 1110 so that the process is repeated. In this manner, the two
most recently received values for the power-control  bits are used to
determine the proper phase rotation, and consequently, a proper  complex
weighting. Although the total power of the transmitted signal is adjusted
according to this embodiment, the power ratios of the respective antenna
elements are 15 not adjusted. The embodiments discussed below in connection
with FIGS. 12 and t3  address the calculation of complex weighting so that
the total power of the transmitted  signal, the phase rotation and the
power ratio of the antenna elements are adjusted. FIG. 12 shows a flowchart
for calculating the complex weighting by  adjusting the power ratio and the
phase rotation associated with each antenna element,  20 according to an
embodiment of the invention. In this embodiment, an element threshold
detection is considered before adjusting any phase rotation or power ratio
for  the antenna elements. Again, to simplify this discussion, assume for
this embodiment  that the subscriber communication device has two antenna
elements, although any  number of multiple antenna elements is possible. By
checking the ratio of the antenna 25 elements, the basestation can provide
feedback using the power-control bit of the power control signal. More
specifically, based on the threshold values, the phase rotation can be
adjusted to converge on a substantially optimal phase rotation value.
Baying  determined the substantially optimal phase rotation value, the
power ratio value for the 30 antenna elements can be calculated until a
substantially optimal power ratio value is  converged upon. The process is
iterative and can be interrupted at any time to change  any parameter, such
as the phase rotation or the power ratio. 19 18 November 2005 WO 02/0999-99
PCTIUS02/14437 At step 1200, the power ratio for the two antenna elements
is measured, At  conditional step 1210, a determination is made as to
whether the power ratio is below a  predetermined threshold. If the power
ratio is not below the predetermined threshold,  then the process Proceeds
to step 1240. If the power ratio is below the predetermined  



5 threshold, then the process proceeds to stop 1220 to tune the phase
rotation. At step 1220, the phase rotation is changed to find a maximum
value- At  conditional step 1230, the phase rotation is checked to
determine whether it Is a  substantially optimal value. If the phase
rotation is not a substantially optimal value,  the process proceeds to
step 1220 where the proem for finding a substantially optimal 10 value of
the phase rotation continues. If the phase rotation is a substantially
optimal  value. then the process proceeds to step 1240, At stop 1240, the
power ratio is changed to find a maximum value. At  conditional step 1250,
the power ratio is checked to determine whether it is a  substantially
optimal value. If the power ratio is not a substantially optimal value, the
15 process procceds to step 1240 where the process for finding a
substantially optimal  value of the power ratio continues. If the power
ratio is a substantially optimal value,  then the process proceeds to step
1200, where the overall process repeats. In sum, the complex weighting can
be calculated by adjusting the phase  rotation associated with the antenna
elements first, and then adjusting the power ratio  20 associated with the
antenna elements. In this manner, both the phase rotation and the power
ratio can be adjusted to optimize substantially the transmitted signal sent
from  The subscriber communication device at received at the basestation.
FIG. 13 shows a flowchart for calculating the complex weighting by
adjusting the power ratio and the phase rotation associated with each
antenna element,  25 according to another embodiment of the invention.
Similar to FIG. 11, 111G. 13 describes a method where the two most recently
received values for the power-control  bit are used to determine the proper
phase rotation. In FIG. 13, however, the power  ratio associated with the
two antenna elements is adjusted after the phase rotation  associated with
the second antenna element is adjusted. The process of adjusting the 30
power ratio is similar to that described above for adjusting the phase
rotation lu  reference to FIG. If. 20 18 November 2005 WO 02/099999
PETIUS02I14437 In this embodiment, the subscriber communication device
using the CDMA  protocol sends a signal of two adjacent power control
groups (PCGs) in such a manner  



that the power associated with both PCGs are at the same level P. Again, to
simplify  this discussion, assume for ibis embodiment that the subscriber
communication device  5 has two antenna elements, although any number of
multiple antenna clements is possible. The power ratio associated with the
first PCG between the first antenna  element and the second antenna element
is Lambda. The power ratio associated with  the second PCG between the
first antenna element and the second antenna element is 10 Lambda i- Zeta.
The power ratio offset (i.e., Zeta) introduced between the first and
second PCG provides a mechanism to determine the direction of changing
power ration  between the two antenna elements that will improve the signal
quality received at the  basestation. Consequently, the complex weighting
can be calculated by the following:  if the value of the power control bit
for the most recently received time period 15 corresponds to the value of
the power-control bit for the second most recently received  time period,
the total power of the transmitted signal is adjusted while maintaining the
power ratio of the two antenna elements; if the value of the power control
bit for the  most recently received time period differs from the value of
the power-control bit for  the second most recently received time period,
power ratio Lambda is adjusting while  20 maintaining the total power of
the transmitted signal. The following more fully discusses this embodiment.
At step 1300, a phase rotation and a power ratio associated with one of the
two antenna elements is initialized, At step 1.310, phase rotation offset
(also refereed to  .above as Delta) is introduced for two adjacent PCGs.
Based on this introduced phase 25 rotation offset, a transmitted signal is
sent from the subscriber communication device to  the basestation. Then,
the basestation sends a power-control signal based on this  received
transmitted signal. At conditional step 1320, a determination is made as to
whether the two  most recently received values for the power-control bit
are same. If the two values for  30 the power-control bits correspond, the
process proceeds to step 1330. If the two values for the power-control
bits. differ, the process proceeds to step 1340, 21 18 November 2005 WO
02/099999 



PCT/US02/14437 At step 1330, the total power of the transmitted signal is
adjusted while  maintaining the phase rotation for the antenna element.
Control logic 5[122 adjusts the  total power of the transmitted signal and
maintains the phase rotation for the two  antenna elements by appropriately
calculating new complex weighting. Note that 5 during this step the power
ratio for the two antenna elements are also maintained.  Then, the process
proceeds to step 1310 so that the process is repeated. At step 1340, the
phase rotation for the two antenna elements is adjusted  while maintaining
total power of the transmitted signal. Control logic 502 adjusts the  phase
rotation for the antenna and maintains the total power of the transmitted
signal by 10 appropriately calculating new complex weighting. Note that
during this step the power  ratio for the two antenna elements are also
maintained. Then, the process proceeds to  conditional step 1345_ At
conditional step 1345, a determination is made, as to whether the adjusted
phase rotation produced by step 1340 is optimal. If the phase rotation is
less than 15 substantially optimal, then the process proceeds to step 1310.
If the phase rotation is  substantially optimal, then the process proceeds
to step 1354_ At step 1350, power ratio offset (also referred to above as
Zeta) is  introduced for two adjacent PCGs. At conditional step 1350, a
determination is made  as to whether the two most recently received values
for the power-control bit 20 correspond. If the two most recently received
values for the power-control bit  correspond, the process proceeds to step
1380. If the two most recently received values  for the power-control bit
differ, the process proceeds to step 1370. At step 1370, the power ratio
for the antenna element is adjusted while maintaining total power of the
transmitted signal and maintaining the phase rotation for  25 the two
antenna elements,. Control logic 502 adjusts the power ratio for the
antenna and  maintains the total power of the transmitted signal and the
phase rotation for two antenna elements by appropriately calculating new
complex weighting. The process  then proceeds to step 1350 so that steps
1350 and 1360 arc repeated until the two values  for the most recently
received values for the power-control bit correspond. 30 At step 1.380, the
power of the transmitted signal is adjusted while  maintaining the power
ratio and the phase rotation for the antenna element. Control  



logic 502 adjusts the total power of the transmitted signal and maintains
the power ratio 22 18 November 2005 WO 02/09"99 PCT/1JS02/14437 and the
phase rotation for the antenna element by appropriately calculating new
complex weighting. At conditional step 1390, a determination is made as to
whether  the track is lost. If the track is not lost, then the process
proceeds to step 1350 so that  the process of tuning the power ratio
associated with the antenna element and the total 5 power of the
transmitted signal are repeated in steps 13:50 through 1390.  Returning to
conditional step 1390, if the track is lost, then the process  proceeds to
step 1314 where the process of optimizing the phase rotation and then the
power ratio is repeated insteps 1310 through 1390. Conelusian  10 While
various embodiments of the invention have been described above, it  should
be understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of the invention should not be
limited by any of  the above-described embodiments, but should be defined
only in accordance with the  following claims and their equivalents. 15 The
previous description of the embodiments is provided to enable any  person
skilled in the, art to make or use the invention. While the invention has
been  particularly shown and described with reference to embodiments
thereof, it will be  understood by those skilled in the art that vaious
changes in form and details may be  made therein without departing from the
spirit and scope of the invention. For 20 example, although the previous
description of the embodiments often referred to  communication devices
using a CDMA protocol, other types of protocols are possible.  For example,
the communication devices similar to those described above can be used
with time-division multiple access (TDMA) or frequency-division multiple
access  (FDMA) protocols. Such a TDMA protocol can include, for example,
the Global 25 Systems for Mobile Communications (GSM) protocol. Note that
although the tuning of a communication device is described  through the use
complex weighting, in other embodiments other types of control signals  can
tune the communication device- In other words, the tuning of a
communication  



device through the use such control signals need not be limited to
information about 30 varying the magnitude and phase of the signal. For
example, the control signals can  carry information to vary the magnitude,
phase, frequency and/or timing of the signal  associated with each antenna
element. 23 18 November 2005 VdI&T IS CAD iS A method for a first
communication device to communicate with a second  communication device
over a communication linl, the first communication device having  5 a
plurality of antenna elements, the method comprising: receiving a quality
indication signal from the second communication device;  calculating a
complex weighting based on the quality-indication signals; modifying a
pre-transmission signal based on the complex weighting to produce a
plurality of modified pre-transmission signals, each modified
pre-transmission signals from 10 the plurality modified pre-transmission
signals being uniquely associated with an antenna  element from a plurality
antenna elements; and   sending the plurality of modified pre-transmission
signals from the plurality of  antenna elements to produce an effective
combined transmitted signal, the complex  weighting being associated with a
total power of the transmitted signal and at least one 15 from a phase
rotation and a power ratio associated with each antenna element from the.
plurality of antenna elements. 2. The method of Claim 1, wherein the total
power of the transmitte signal is optimized with respect to a fading  20
associated with a channel between the first communication device and the
second  communication device. 3.The method of Claim 1, wherein: the
communication link is configured according to at least one Code-division
25 Multiple-Access (COMA) protocol from the group of CDMA-IS-95 A/B, CDMA
2000 IX/RTT, CDMA 2000 3X, CDMA E'V-DO, WCDMA, 3G Universal Mobile
Tecommunications System (UMTS) and 4G UMTS. 4. The method of Claim 3,
wherein: 30 the quality-indication signal is a power-control bit according
to the CDMA 



protocol, the power-control bit having a value of one or zero for each time
period from a plurality of time periods, the power-control bit being
generated by the second  communication drvice an adjustment to a power of
the transmitted signal at  18 November 2005 -25- the first communication
device so that a predetermined threshold requirement for the - second
communication device can be satisfied. 5. The method of Claim 4, wherein: 5
the complex weighting is associated with the total power of the transmitted
signal.  and the phase rotation associated with each antenna element from
the plurality of antenna  element. 6. The method of Claim 5, wherein the
calculating of the complex weighting  l0 includes: substantially optimizing
the total power of the -transmitted signal and the phase  rotation
associated with each antenna element from the plurality of antenna elemmts
in  from the  parallel while maintaining a power ratio associated with each
antenna el nee plurality of antenna elements 15 7. The method of Maim 5,
wherein the calculating of the  complex weighting is performed for each
antenna element from the plurality of antenna  elements and includes: the
hose adjusting the total power of the transmitted signal while maintaining
P 20 rotation associated with an antenna element from the plurality of
antenna elements until a  steady state is obtained at a fist time;
adjusting the phase rotation associated with each antenna element from the
plurality of antenna elements while maintaining the total power of the
transmitted signal  element. produce an optimal phase rotation for each
antenna t, and the Optimal  adjusting the total power of the transmitted
sign while maintaining 25 



phase rotation for each antenna element until a second steady state is
obtained at a second  time subsequent to the first fame. g, The method of
Claim 5, wherein:. first antenna element and a  30- the plurality of antes
elements includes only a . second antenna element. 18 November 2005 26; 9.
The method of Claim 8, wherein: the transmitted signal includes a first
adjacent power control group (PCG) and a  second PCG so that a power
associated the first PCG and a power associated with.the  second PCG are
substantially at a same level P, the first PCG being associated with its 5
own phase rotation having_a value, the second PCG being associated with its
own. phase  rotation having the value of the first PCG plus an offset; and
the calculating of the complex weighting includes: adjusting the total
power of the transmitted sign while maintaining the  .phase rotation
associated with the first PCG and the phase rotation associated with the
10 second PCG if the value for the power-control bit at the most recent
time period corresponds to the value, for the power-control bit at a second
most recent time period; and  adjusting the phase rotation associated with
the first PCG and the phase  rotation associated with the second PCG while
maintaining the total power of the transmitted gigue if the value for the
power control bit at the most recent time period  15 differs from the value
for the power-control bit at the second most recent time period: 10. The
method of Claim 8, wherein the calculating of the complex weighting
includes: detecting a steady state in the quality-indication signal; 20
adjusting the phase rotation associated with the second antenna element; .
selecting a first direction for the phase rotation 'associated with the
second antenna  element, the first direction being selected to improve a
received signal quality at the  second communication device; and adjusting
the phase rotation associated with the second antenna element in the first
25 direction until a boundary is detected. 11. The method of Claim 8,
wherein. the calculating of the complex weighting  



includes: detecting a steady state in the quality-indication signal at a
first time; 30 adjusting the phase rotation associated with the second
antes element; selecting a first direction for the phase rotation
associated with the second antenna  element, the first direction being
selected to improve a received signal quality at the  second communion
device; and  18 November 2005 ,27 adjusting the phase rotation associated
with the second antenna element in the first  direction until a second
steady state is detected in the quality-indication signal at a second  time
subsequent to the first time.  12. The method of Claim 4, wherein: the
complex weighting is associated with the total power of the transmitted
signal,  the phase rotation associated with each antenna element from the
plurality of antenna.  elements and the power ratio associated with each
antenna element from the plurality` of  antenna elements. 10 13. The method
of Claim 12, wherein the calculating Of the complex weighting  includes:
substantially optimizing the total power. of the transmitted signal and the
phase.  rotation associated with each antenna element from the plurality of
antenna elements in. -15 parallel while .maintaining a power ratio
associated with-each adtennA. element. from the  plurality of antenna
elements; and  substantially optimizing the total power of the transmitted
signal and 'a power ratio  associated with ,each antenna element from the
plurality of antenna elements in parallel  while maintaining the phase
rotation associated with each antenna element from the  20 plurality of
antenna elements. 14. The method of Claim 12, wherein the calculating of
the  complex weighting includes: adjusting the total power of the
transmitted signal while maintaining the phase  25 rotation and the power
ratio associated with each antenna element from the plurality. of  



antenna elements until a steady state is detected in the quality-indication
signal; adjusting the phase rotation associated with each antenna element
from the  plurality of antenna elements while maintaining the total power
of the transmitted signal  and a power ratio associated with each antenna
element from the plurality of antenna  30 elements; adjusting a total power
of the transmitted signal while maintaining the phase  rotation and the
power ratio associated with each antenna element from the plurality of
antenna elements; 18 November 2005 -28- adjusting the power ratio
associated with each antenna element from the plurality of antenna elements
while maintaining the total power associated with the transmitted  signal
and the phase rotation .associated with each antenna .element from the
plurality of antenna elements; and adjusting the total power of the
transmitted power while maintaining the phase  `potation and the power
ratio associated with each antenna element from the: plurality of  antenna
elements. 15. The method of Claim 12, wherein the plurality of antenna
clceetits is a first  10 antenna element and a geeond antenna element. .
The method of Claim 15, wbercin: the tracwt power'contirol. CCs) and a
Cp..  ai td si includes a firstj grO* fld.pCG so lhat a power associated
with the first PCG and a power associated with the  at a same level P. the'
first PSG bung associated' with its  l5 scond PCG are substantially own
phase ratationlhaving a value and its own power ratio having a value, the
seed l'C  being associated with its owe phase rotation having the phase
.rotation value of the first  PCG plus a phase offset and its own power
ratio having the power ratio value of the first  pCG plus a -power ratio
offset; and 20 includes:  the calculating of the complex weighting 



adjusting the total power of the trai emitted signal while maintaining the
pie rotation associated with the first PCG and the phase rotation
associated with the  second PCG if the value for the power-antral bit at
the most recent time peri  corresponds to the value for the power-control
bit at a second most recent time prod; 25 adjusting the phase rotation
associated with the first PCG and the' phase  the total power of the
rotation associated with the second PCO while maintaining transmitted
signal if the value for the power-control bit at the most rec "t time
period  p ad; M from the value for the power-control bit at the second most
rent time the  diff adjusting the total power of the transmitted signal
while mamtaurwg 30 power ratio associated with the first PCG and the power
ratio associated with the second  to  PCG if the value for the
power-control bit at the most recent time period o:urresponds  the value
for the power-control bit at the second most recent time period; and 18
November 2005 i 29  adjusting the power ratio associated with the first PCG
and the power ratio associated with the second PCG while maintaining- the
total power of-the transmitted  sivma if the value for the power-control
bit at the most recent time period differs from the  value for the
power-control bit at the second most recent time period 5 17, The method of
Claim 15, wherein the calculating of the  complex weighting includes:
element from the  adjusting the phase rotation associated with each antenna
.plurality of antenna elements while maintaining the total power of the
transmitted signal  10 and a power ratio  associated with each antenna
element from the plurality of antenna  elements; after adjusting the phase
rotation, adjusting-the power ratio associated with each  



the total power  antenna element from the plurality of antenna elements
while maintaining each antenna  associated with the transmitted signal and
the phase rotation associated 15 ' element from the plurality of antenna
elements. 1 The method of Claim 16, wherein:  the calculating of the
complex weighting includes: signal while maintaining the phase  adjusting
the total power of the transmitted 20 rotation associated with the first
PCG and the phase rotation associated with the second  PCG and while
maintaining. the power ratio associated with the first PCG and the power
ratio associated with the second PCG. 19. The method of Claim 3, wherein-
25 the quality-indication signal includes -a first frame quality indicator
according to the CDMA protocol. 20. The method of Claim 1, wherein; the
first communication device is a subscriber communication device; and  30
the second communication device is a basestation.  18 November 2005 -30 21.
The method of Claim 1, wherein: the first communication device is a
basestation; and the second communication device is a subscriber
communication device.  22. The method of Claim 1, wherein: the
communication link is configured according to at least 'one Time Division
Multiple ACceSs (TDMA) protocol. 23. The method of Claim 22, wherein:
complex weighting is associated with the total power of the transmitted
sill.  10 the of antenna  and the phase rotation associated with each
antenna element from the plurality elements, but not the power ratio
associated with each antenna element from the plurality of antenna
elements. . The method of Claim 22, wherein the calculating of the.co
rriplex weighting 



2415 includes:  substanfidly optimizing the total power of the transmi
signal and the  lurality of antenna elements in  rotation associated with
each =t== element from the p element from the  parallel while maintai~g a
power ratio associated with each antenna 20 plurality of antenna elements.
25. The method of Claim 22, wherein. the calculating of the complex
weighting is performed for each antenna element  from the plurality of
antenna elements including* while maintaining the  adjusting the total
power of the transmitted signal 25 of antenna elements  phase rotation
associated with an antenna element from the plurality until a steady state
is obtained at a first time; the  . adjusting the phase rotation associated
with each antenna dement from  plurality of antenna elements while
maintaining the total power of the transmitted sign  30 produce an optimal
phase rotation-for each antenna element;, and adjusting the total power of
the transmitted signal while maintaining the  optimal phase rotation for
each antenna element until a second steady state is obtained at a  second
time subsequent to the first time. ^~4rrir" .... 18 November 2005 -.r V -31
26. The method of Claim 1, wherein: the communication link is configured
according_to at least one frequency division.  multiple access AMA)
protocol. 5 .27. The method of Claim 26, wherein: the complex weighting is
associated with the total power of the transmitted signal  and the phase
rotation associated with each antenna element from the plurality of antenna



elements, but not the power ratio associated with each antenna-element from
the plurality .  of antenna elements. 10 28. The method of Claim 26,
wherein the calculating of the complex weighting  includes: substantially
Optimizing total power of the transmitted sib and the phase the of antenna
etents in  rotation associated with each antenna element from the PluraUty
15 parallel while maintaining a power ratio associated with each antenna
element. from the  plurality of antenna elements . 29. The method of Claim
26, wherein: the calculating of the complex weighting is performed for each
antenna element  20 from the plurality of antenna elements including: while
maintaining the  adjusting the total power of the transmitted signal
associated with an anted element from the plurality of antenna elements
phase rotation until a steady state is obtained at a f'rst time; adjusbng
the phase rotation associated with each antenna element from the  25 ml of
the, transmitted signal to  of antenna elements while maintaining the total
Power produce an optimal phase rotation for each antenna element; and
maintaining  adjusting the total power of the ~~ signal while hase rotation
for each antenna element until a second steady state is obtained at a
optimal p second time subsequent to the first time.  30 30. A method for
improving system perfarsnance of a first  communication device, comprising:
18 November 2005 -32- 



receiving a quality-indication signal from a second communication device
and a  pre-transmission signal; dividing the p transtaission signal into a
first signal component and a second  signal oonent; 5 adjusting at least
one characteristic associated with at least one from the group of  the Ent
signal component and the second signal component based on the quality-
indication signal, the at least one characteristic being from the group of
a power ratio and a  phase rotation; and component to produce combining the
first signal component and the second signal pin 10 a tr=smit signal
component uniquely associated with an antenna element from a plurality  of
antenna elements, the transmit signal component for each antenna element
from the  plurality. of antenna elements being a low-correlation version of
the pre-traussion signal 1 S _ 31. The method of Claim 30, wherein: the
.~cantrol  the quality-indication signal is a CDMA power-control signal,
powcr atgnd having an increase indication, a decrease indication or a
steady-state indication for each'time period.; plurality 20 antenna
elements includes: component until  changing the phase rotation associated
with the first signal has the increase indication for a second time period
subsequent to a a power-con#'o1 sifinal  first time period. 25 32. The
method of Claim 31, wherein: the adjusting of the power ratio for each
antenna element from the plurality of  antenna elements, includes: h
antenna element from the plurality of antenna  measuring, for each t si
component associated with  elements, the power ratio associated with. the
transmi of antenna  t antenna element when the remaining antena elements
from the plurality 30 ft elements are disable relative to the  recording a
power ratio associated with each antenna element 



from the plurality of antenna elements; and  r..udni antenna elements
AMpNnrn 18 November 2005 -33. - of the adjusting the power ratio associated
with at least one from the group first signal component and the second
signal component for each antenna element from the  plurality of antenna
elements so that the power ratio associated with each antenna element  is
substantially maintained. 5 The rne~hod of Claim 32, wherein adjusting the
power is  33. performed subsequent to. adjusting the phase. A fil~t
communication device having a plurality of antenna  34. 10 elements,
comprising: a control-logic component, the control-logic component
receiving a quality indication signal from a second communication device
and producing a plurality of  complex weights; and a plurality of circuits
coupled to the control-togio component, each eircuit from the .  f5
plurality of circuits being uniquely associated with an antenna element-
Rom the plurality a  of antenna elements, each circuit from the, plurality
of circuits producing modified- pre-complex  transtrzi8sxon signal. based
on the plurality of complex weights, the plurality of at least one from a
weights being associated with a total power of a transmitted signal and
lurali  phase rotation and a power ratio associated with each antenna
clement from the p ty  20 of antenna elements 35. The first communication
device of Claim 34, wherein:  each circuit from the plurality of circuits
has. a filter, the filter configured to receive a pre~traasrnrnissiaa
signal and  



ice a first pre-transamission signal component and a second -
pre-transmission signal  25 1 emponent; ai adjuster  a first signal
adjuster coupled to the filter, the first configured to receive the first
pre-transmfssian signal component and a complex weight from the plurality
of complex weights, the first signal adjuster configured to send a 30
modified-pre-transanfssian signal based on the complex weight for the first
signal adjuster; and AMENDED SHFFr 18 November 2005 -34- a second signal
adjuster-coupled to the filter, the second signal adjuster configured to
receive the second signal component and a complex-weight signal from the
adjuster configured to send a  plurality of complex.weight signals, the
second. signal modified-pre-tcansmissi0U signal - based on the complex
weight for the Second signal  5 ada~.  e  t 10 t based on_die complex
weight  onen  associated. with the first pretransmission sigma comp
received by the first signal adjuster, the at least one characteristic
being from the group of  a power and a phase rotation, and the second
signal adjuster is ' configured to modify at least one c'actetstic
associated with the second pre-transmission signal component based on.
the-complex  weight received by the second signal adjuster, the at least
one characteristic being from the  15 group of a power and a phase
rotation. ' 37. The first communication device of Claim 36, fu1et
comprising: plurality of  a plurality of antenna elements coupled to the
plurality of circuits, the configured to send the plurality of
modified-pxe-ion 20 antenna elements being bey to have an  



signals to produce a transmitted signal, the transmitted sig g cOnf-
optinlized.power when received by the second commutucation device. 38. The
first cowm,,vication device of Claim 34, wherein: is substantially
optimized with respect to a.  25 the total power of the transmitted signal
fading associated with a channel between the first communication device.
and the second  communication device. 39. The first communication device of
Claim 34, wherein: is sent by the first nmunication device based on at
least  30 the transmitted signal i 0 rie codedivision multiple access
(CDMA) protocol. 36. The, first communication device of Claim 35, wherein
first signal adjuster is configured to modify at least one. characteristic
h 18 November 2005 -35. 40. The first communication device of Claim 37,
wherein:  each circuit from the plurality of circuits fiuther includes; an
aualogto-digital converter-coupled to the. filter; and .a digital-to-analog
. converter coupled to the first sigl adjuster and the  second signal
adjuster; ~issiou  the first signal component produced by the filter is an
inpbage lam" signal; and second signal component produced by the filler is
a qua Pre"  Vision signal. 10 one tune-division multiple access ('1'DMA)
protocol. 41. The first communication device of Claim 37, wherein: the
transmitter signal is sent by the fast communication device based on at
least: 42. device of Claim 37, wherein:  The first communiction 15 



device  transmitted signal is sent by the it commwjicatinn ce based on at
least  one frequency-division multiple-access (FDMA) Protocol. 43. A first
comnnunicatian device, comprising: baseband system configured to send a
pre-vimmission  d system, the 20 a baseban signal; to the baseband system,
the  a qxv ity indicalion based signal modifier Coupled eristic of the pre-
-indication basal signal modifier configured to modify a char, q gity
received from a second tansmission signal based on a quaiity~ication signal
and  on device to produce a plurality of modified pre-tra mission signals,
25 commeati mdieafion based signal  a plurality of antenna elements coupled
to the q . lur ity modified pre.  modifier, each nnodified pre-trans~ion
signal from the lr element from the plurality  nsmission signals being
uniquely associated with an antes ssiori lWal from the plurality of
modified- antenn$ Clemens, each modified pre-transrnr sion sign.  ssiau
signal being a low-correlation version of the pry .30 Pre-transmission 18
November 2005 -3d The first communication device of Claim 43, wherein the
quality-indication  -44. based signal modifier includes- a vector
modulator, the vector modulator including a filter's  he filt a first
signal adjuster and a second signal adjuster, ter! configured to split the
pre- ' 5 transmisgion`signal into -a fast signal component and a seed
signal component, the first  eal to adjust the first signal campont based
on a complex weight  final adjuster confi.gtu b the second signal adjuster
configured to,  



asoeiated with the quality-indication si 1j t the second signal component
based on a complex weight associated with the  q lty indica#on Signal. . 10
. The first communication device of Claim 43, wherein.  45. fied~   the
plurality ofantcnna elements are configured to.. send alb plurality of
inodi tted signal, tlxe txan t signal being  pre-4avmssian signal to
produce a gored to have an optunized power when rer~rived by the second con
catlo .  :1$ device. - . 46. The first communication device of Claim 43,
wherein: with respect to a Wing associated the power of the transmitted
signal is ~~ and the second communication  with a channel between the first
communication 20 device. 47A method for a first commacation device to
communicate ' the t commutficatian vie gt;'011d eon ]unicatlon. de, over a
Cot lUniGat~An link, having a plu lty of antenna elements, the method comp
g' `device, the  lity-indiaation signal from the second communication 25
receiving a qua . to a Co ..Division indication signal comprising a
power-control bit according ~1~' contral bit having a value for each time
IVi 1e-A~ess (CDMA) protocol, the pow~.. generated by the  ultip locality
of time pods, the Power-control bit being g period. from a p adjustment to
a power of a transmitted  second communication devise and indicating ed
threshold requirement for  30 signal at the first communication device sa
that a predetermiii the second communication device canbe satisfied;
AMENDED SHEET 



18 November 2005 -37- calculating a complex weighting based on the
quality-indication signal, the transmitted signal including a first power
control group (PCG) and a second PCG, the first  PCG being-associated with
its own phase rotation having a value and its own Power ratio  having a
value, the second PCG being associated with its own phase rotation having
the  phase rotation value of the first PCG plus a phase offset and its own
power ratio having  the power ratio value of the first PCG plus a power
ratio o#ibet, the calculating of the  complex woightiYtg comprising:
adjusting a total power of the transmitted signal based -on the received
power   - control bit; - 10 adjusting the phase rotation associated with
the first PCG.and the phase rotation associated with the second PCG if the
value for the power-control bit at the most recent  time period differs fi;
om the value for the power-control bit at the-second most recent time
period; and adjusting the power ratio associated with the first PCG and the
power ratio  the total power. of the traxnit#~d  15 associated with the
second PCG while.maintau~ing differs from the  signal if the value for the
power-control bit at the most recent time period value for the
power-control bit at the second most recent time p iodo e1 tix~ to produce
a  -mong a pre-transmission signal based on the complex g pre-tra mi
plurality of modified pre_tran-smission signals, each modified sSion signal
from  20 the plurality modified pre-transmission. signals being uniquely
associated with an antenna  element of the plurality antenna elements; and
sending the plurality of modified pre rausmission signals ftm the plurality
of  antenna elements to produce the effective combined transmitted signal,
the complex  weighting being associated with the total power of the
transmitted signal and at. least one 25 from a ph m rotation and a power
ratio associated with, each antes element from the  plurality of antenna
elements. 18 November 2005 



38 48. A method for communicating a signal, comprising: receiving at a
first communication device one or more quality-indication signals from  one
or more second communication devices, the first communication device
comprising a  plurality of antenna elements; calculating a complex
weighting according to the one or more quality-indication  signals;
modulating at least a subset of a plurality of pre-transmission signals in
accordance  with the complex weighting, a pre-transmission signal of the
plurality. of pre-transmission  signals associated with an antenna element
of the plurality antenna elements, the subset of  pre-transmission signals
modulated by adjusting at least one modulation feature of a plurality  of
modulation features; and sending the plurality of pre-transmission signals
from the plurality of antenna  elements to yield a combined transmitted
signal, the complex weighting associated with an  optimization of the
combined transmitted signal. 49. The method of Claim 48, wherein the
optimization of the combined  transmitted signal further comprises
minimizing a total power of the combined transmitted  signal. 50. The
method of Claim 48, wherein the optimization of the combined  transmitted
signal further comprises managing interference between the first
communication  device and the one or more second communication devices. 51.
The method of Claim 48, wherein the plurality of modulation features
comprise a total power of the transmitted signal, a phase rotation
.associated with an antenna  element, a power ratio associated with an
antenna element, an amplitude associated with an  antenna element, a time
delay associated with an antenna element, and a frequency shift  associated
with an antenna element. 18 November 2005 39 52. The method of Claim 48,
wherein calculating the complex weighting  according to the one or more
quality-indication signals further comprises adjusting at least a  subset
of the plurality of modulation features. 53. The method of Claim 48,
wherein calculating the complex weighting  



according to the one or more quality-indication signals further comprises:
substantially optimizing a first modulation feature of the plurality of
modulation  features; and maintaining a second modulation feature of the
plurality of modulation features. 54. The method of Claim 48, wherein
calculating the complex weighting  according to the one or more quality
indication signals further comprises: substantially minimizing a total
power of the transmitted signal; and  maintaining a modulation feature of
the plurality of modulation features. 55. The method of Claim 48, wherein
calculating the complex weighting  according to the one or more
quality-indication signals further comprises: adjusting a first modulation
feature of the plurality of modulation features; and  maintaining a second
modulation feature of the plurality of modulation features. 56. The method
of Claim 48, wherein calculating the complex weighting  according to the
one or more quality-indication signals further comprises: substantially
adjusting a total power of the transmitted signal; and  maintaining a
modulation feature of the plurality.of modulation features. 18 November
2005 40 57. The method of Claim 48, wherein calculating the complex
weighting  according to the one or more quality-indication signals further
comprises: adjusting a first modulation feature of the plurality of
modulation features while  maintaining a second modulation feature of the
plurality of modulation features; and adjusting the second modulation
feature while maintaining the first modulation feature. 58. The method of
Claim 48, wherein calculating the complex weighting  according to the one
or more quality-indication signals further comprises: adjusting a first
modulation feature of the plurality of modulation features while
maintaining a second modulation feature of the plurality of modulation
features until a first  steady state is obtained; adjusting the second
modulation feature while maintaining the first modulation  feature; and
adjusting the first modulation feature while maintaining the second
modulation  



feature until a second steady state is obtained. 59. The method of Claim
48, wherein calculating the complex weighting  according to the one or more
quality-indication signals further comprises: detecting a first steady
state of the one or more quality-indication signals; adjusting a phase
rotation associated with an antenna element of the plurality of  antenna
elements; selecting a first direction for the phase rotation associated
with the antenna element; and adjusting the phase rotation in the first
direction until a second steady state of the one  or more
quality-indication signals is detected. 18 November 2005 41 60. The method
of Claim 48, wherein: the one or more quality-indication signals comprises
a plurality of power control  groups; and calculating the complex weighting
according to the one or more quality-indication  signals further comprises
adjusting the one or more modulation features of the plurality of
modulation features. 61. The method of Claim 48, wherein: the one or more
quality-indication signals comprises a plurality of power control  groups;
the one or more modulation features comprises a first set of modulation
features and a  second set of modulation features; and calculating the
complex weighting according to the one or more quality-indication  signals
further comprises: adjusting the first set while maintaining the second set
if a first bit value for a  power-control bit at a first time period
corresponds to a second bit value for a power-control  bit at a second time
period; and adjusting the second set while maintaining the first set if the
first bit value  differs from the second bit value. 18 November 2005 42 



62. The method of Claim 48, wherein: the one or more quality-indication
signals comprises a plurality of power control  groups; and calculating the
complex weighting according to the one or more quality indication  signals
further comprises: adjusting a total power of the transmitted signal while
maintaining the one or  more modulation features of the plurality of
modulation features of the plurality of power  control groups if a first
bit value for a power-control bit at a first time period corresponds to a
second bit value for a power-control bit at a second time period; and
adjusting the one or more modulation features of the plurality of
modulation  features while maintaining the total power of the transmitted
signal if the first bit value  differs from the second bit value. 63. The
method of Claim 48, wherein the first communication device is  operable to
communicate with the one or more second communication devices using one or
more communication links configured according to a Code Division Multiple
Access  (CDMA) protocol. 64. The method of Claim 48, wherein the first
communication device is  operable to communicate with the one or more
second communication devices using one or  more communication links
configured according to a Time Division Multiple Access  (TDMA) protocol.
.65. The method of Claim 48, wherein the first communication device is
operable to communicate with the one or more second communication devices
using one or  more communication links configured according to a Frequency
Division Multiple Access  (FDMA) protocol. 18 November 2005 43 66. The
method of Claim 48, wherein: the first communication device comprises a
subscriber communication device; and  the one or more second communication
devices comprise one or more base stations. 67. The method of Claim 48,
wherein: the first communication device comprises a base station; and the
one or more second communication devices comprise one or more subscriber  



communication devices. 68. The method of Claim 48, wherein: the first
communication device comprises a first base station; and the one or more
second 'communication devices comprise one or more second base  stations.
69. The method of Claim 48, wherein: the first communication device
comprises a first subscriber communication device; and the one or more
second communication devices comprise one or more second  subscriber
communication devices. 70. The method of Claim 48, wherein the one or more
quality-indication  signals comprise a power-control bit, the power-control
bit indicating a requested adjustment  to a power of the transmitted signal
associated with the first communication device. 71. The method of Claim 48,
wherein the one or more quality-indication  signals comprise a frame
quality indicator. 18 November 2005 44 72. The method of Claim 48, wherein
modulating at least the subset of the plurality of pre-transmission signals
in accordance with the complex weighting further  comprises: dividing a
pre-transmission signal into a first signal component and a second signal
component; adjusting the first signal component and the second signal
component in accordance  with the complex weighting; and combining the
first signal component and the second signal component. 18 November 2005 45
73. A first communication device for communicating a signal, comprising:
control logic operable to: receive one or more quality-indication signals
from one or more second  communication devices; and calculate a complex
weighting according to the one or more quality-indication 



signals; and one or more circuits coupled to the control logic and operable
to modulate at least a  subset of a plurality of pre-transmission signals
in accordance with the complex weighting,  the subset of pre-transmission
signals modulated by adjusting at least one modulation feature  of a
plurality of modulation features; and a plurality of antenna elements
coupled to the one or more circuits and operable to  transmit the.
plurality of pre-transmission signals to yield a combined transmitted
signal, a  pre-transmission signal of the plurality of pre-transmission
signals associated with an antenna  element of the plurality antenna
elements, the complex weighting associated with an  optimization of the
combined transmitted signal. 74. The first communication device of Claim
73, wherein the optimization  of the combined transmitted signal further
comprises minimizing a total power of the  combined transmitted signal. 75.
The first communication device of Claim 73, wherein the optimization  of
the combined transmitted signal further comprises managing interference
between the first  communication device and the one or more second
communication devices. 76. The first communication device of Claim 73,
wherein the plurality of  modulation features comprise a total power of the
transmitted signal, a phase rotation  associated with an antenna element, a
power ratio associated with an antenna element, an  amplitude associated
with an antenna element, a time delay associated with an antenna  element,
and a frequency shift associated with an antenna element. 18 November 2005
46 77. The first communication device of Claim 73, the control logic
operable  to calculate the complex weighting according to the one or more
quality-indication signals by  adjusting at least a subset of the plurality
of modulation features. 78. The first communication device of Claim 73, the
control logic operable  to calculate the complex weighting according to the
one or more quality-indication signals  by: substantially optimizing a
first modulation feature of the plurality of modulation  features; and
maintaining a second modulation feature of the plurality of modulation
features. 



79. The first communication device of Claim 73, the control logic operable
to calculate the complex weighting according to the one or more
quality-indication signals  by. substantially minimizing a total power of
the transmitted signal; and  maintaining a modulation feature of the
plurality of modulation features. 80. The first communication device of
Claim 73, the control logic operable  to calculate the complex weighting
according to the one or more quality-indication signals  by. adjusting a
first modulation feature of the plurality of modulation features; and
maintaining a second modulation feature of the plurality of modulation
features. 81. The first communication device of Claim 73, the control logic
operable  to calculate the complex weighting according to the one or more
quality-indication signals  by: substantially adjusting a total power of
the transmitted signal; and  maintaining a modulation feature of the
plurality of modulation features. 18 November 2005 47 82. The first
communication device of Claim 73, the control logic operable  to calculate
the complex weighting according to the one or more quality-indication
signals  by: adjusting a first modulation feature of the plurality of
modulation features while  maintaining a second modulation feature of the
plurality of modulation features; and adjusting the second modulation
feature while maintaining the first modulation  feature. 83. The first
communication device of Claim 73, the control logic operable  to calculate
the complex weighting according to the one or more quality-indication
signals  by. adjusting a first modulation feature of the plurality of
modulation features while  maintaining a second modulation feature of the
plurality of modulation features until a first  steady state is obtained;
adjusting the second modulation feature while maintaining the first
modulation  feature; and 



adjusting the first modulation feature while maintaining the second
modulation  feature until a second steady state is obtained. 18 November
2005 48 84. The first communication device of Claim 73, the control logic
operable  to calculate the complex weighting according to the one or more
quality-indication signals  by: detecting a first steady state of the one
or more quality-indication signals; adjusting a phase rotation associated
with an antenna element of the plurality of  antenna elements; selecting a
first direction for the phase rotation associated with the antenna element;
and adjusting the phase rotation in the first direction until a second
steady state of the one  or more quality-indication signals is detected.
85. The first communication device of Claim 73, wherein: the one or more
quality-indication signals comprises a plurality of power control  groups;
and the control logic is operable to calculate the complex weighting
according to the one  or more quality-indication signals by adjusting the
one or more modulation features of the  plurality of modulation features.
86. The first communication device of Claim 73, wherein: the one or more
quality-indication signals comprises a plurality of power control groups;
the one or more modulation features comprises a first set of modulation
features and a  second set of modulation features; and the control logic is
operable to calculate the complex weighting according to the one  or more
quality-indication signals by: adjusting the first set while maintaining
the second set if a first bit value for a  power-control bit at a first
time period corresponds to a second bit value for a power-control bit at a
second time period; and adjusting the second set while maintaining the
first set if the first bit value  differs from the second bit value. 



18 November 2005 49 87. The first communication device of Claim 73,
wherein: the one or more quality-indication signals comprises a plurality
of power control  groups; and the control logic is operable to calculate
the complex weighting according. to the one  or more quality-indication
signals by: adjusting a total power of the transmitted signal while
maintaining the one or  more modulation features of the plurality of
modulation features of the plurality of power  control groups if a first
bit value for a power-control bit at a first time period corresponds to a
second bit value for a power-control bit at a second time period; and
adjusting the one or more modulation features of the plurality of
modulation  features while maintaining the total power of the transmitted
signal if the first bit value  differs from the second bit value: 88. The
first communication device of Claim 73, operable to communicate  with the
one or more second communication devices using one or more communication
links  configured according to a Code Division Multiple Access (CDMA)
protocol. 89. The first communication device of Claim 73, operable to
communicate  with the one or more second communication devices using one or
more communication links  configured according to a Time Division Multiple
Access (TDMA) protocol. 90. The first communication device of Claim 73,
operable to communicate  with the one or more second communication devices
using one or more communication links  configured according to a Frequency
Division Multiple Access (FDMA) protocol. 91. The first communication
device of Claim 73, wherein: the first communication device comprises a
subscriber communication device; and  the one or more second communication
devices comprise one or more base stations. 18 November 2005 50 92. The
first communication device of Claim 73, wherein:  the first communication
device comprises a base station; and the one or more second communication
devices comprise one or more subscriber  communication devices. 



93. The first communication device of Claim 73, wherein:  the first
communication device comprises a first base station; and the one or more
second communication devices comprise one or more second base  stations.
94. The first communication. device of Claim 73, wherein: the first
communication device comprises a first subscriber communication device; and
the one or more second communication devices comprise one or more second
subscriber communication devices. 95. The first communication device of
Claim 73, wherein the one or more  quality-indication signals comprise a
power-control bit, the power-control bit indicating a  requested adjustment
to a power of the transmitted signal associated with the first
communication device. 96. The first communication device of Claim 73,
wherein the one or more  quality: indication signals comprise a frame
quality indicator. 18 November 2005 51 97. The first communication device
of Claim 73, the one or more circuits  operable to modulate at least the
subset of the plurality of pre-transmission signals in  accordance with the
complex weighting by: dividing a pre-transmission signal into a first
signal component and a second signal  component; adjusting the first signal
component and the second signal component in accordance  with the complex
weighting; and combining the first signal component and the second signal
component. 18 November 2005 52 98. A system for communicating a signal,
comprising: means for receiving at a first communication device one or more
quality-indication  signals from one or more second communication devices,
the first communication device  comprising a plurality of antenna elements;
means for calculating a complex weighting according to the one or more
quality- 



indication signals; means for modulating at least a subset of a plurality
of pre-transmission signals in  accordance with the complex weighting, a
pre-transmission signal of the plurality of pre- transmission signals
associated with an antenna element of the plurality antenna elements, the
subset of pre-transmission signals modulated by adjusting at least one
modulation feature of a  plurality of modulation features; and means for
sending the plurality of pre-transmission signals from the plurality of
antenna elements to yield a combined transmitted signal, the complex
weighting associated  with an optimization of the combined transmitted
signal. A 18 November 2005 53 99. A method for communicating a signal,
comprising: receiving at a first communication device one or more
quality-indication signals from  one or more second communication devices,
the first communication device comprising a  plurality of antenna elements
operable to transmit a transmitted signal, the plurality of  antenna
elements associated with a plurality of modulation features comprising: a
total power  of the transmitted signal, a phase rotation associated with an
antenna element, a power ratio  associated with an antenna element, an
amplitude associated with an antenna element, a time  delay associated with
an antenna element, and a frequency shift associated with an antenna
element, the modulation features comprising a first set of modulation
features and a second  set of modulation features, the one or more
quality-indication signals comprising at least one  of a frame quality
indicator and a power-control bit, the power-control bit indicating a
requested adjustment to a power of the transmitted signal associated with
the first  communication device, the first communication device operable to
communicate with the one  or more second communication devices using one or
more communication links configured according to at least one of. a Code
Division Multiple Access (CDMA) protocol, a Time  Division Multiple Access
(TDMA) protocol, a Frequency Division Multiple Access (FDMA)  protocol, the
first communication device and the one or more second communication devices
are at least one of the first communication device comprises a subscriber
communication device,  and the one or more second communication devices
comprise one or more base stations; the first communication device
comprises a base station, and the one or more  



second communication devices comprise one or more subscriber communication
devices; the first communication device comprises a first base station, and
the one or  more second communication devices comprise one or more second
base stations; and the first communication device comprises a first
subscriber communication  device, and the one or more second communication
devices comprise one or more second  subscriber communication devices;
calculating a complex weighting according to the one or more
quality-indication  signals, the one or more quality-indication signals
comprising a plurality of power control  groups, the complex weighting
calculated by performing at least one of adjusting at least a subset of the
plurality of modulation features; 18 November 2005 54 substantially
optimizing a first - modulation feature of the plurality of  modulation
features, and maintaining a second modulation feature of the plurality of
modulation features; substantially minimizing a total power of the
transmitted signal, and  maintaining. a modulation feature of the plurality
of modulation features; adjusting a first modulation feature of the
plurality of modulation features, and  maintaining a second modulation
feature of the plurality of modulation features; substantially adjusting a
total power of the transmitted signal, and maintaining  a modulation
feature of the plurality of modulation features; adjusting a first
modulation feature of the plurality of modulation features  while
maintaining a second modulation feature of the plurality of modulation
features, and  adjusting the second modulation feature while maintaining
the first modulation feature; adjusting a first modulation feature of the
plurality of modulation features  -while maintaining a second modulation
feature of the plurality of modulation features until a  first steady state
is obtained, adjusting the- second modulation feature while maintaining the
first modulation feature, and adjusting the first modulation feature while
maintaining the  second modulation feature until a second steady state is
obtained; detecting a first steady state of the one or more
quality-indication signals,  adjusting a phase rotation associated with an
antenna element of the plurality of antenna  elements, selecting a first
direction for the phase rotation associated with the antenna  



element, and adjusting the phase rotation in the first direction until a
second steady state of  the one or more quality-indication signals is
detected; adjusting the first set of modulation features while maintaining
the second set  of modulation features if a first bit value for a
power-control bit at a first time period  corresponds to a second bit value
for a power-control bit at a second time period, and  adjusting the second
set while maintaining the first set if the first bit value differs from the
second bit value; and adjusting a total power of the transmitted signal
while maintaining one or  more modulation features of the plurality of
modulation features of the plurality of power  control groups if a first
bit value for a power-control bit at a first time period corresponds to a
second bit value for a power-control bit at a second time period, and
adjusting the one or 18 November 2005 55 more modulation features of the
plurality of modulation features while maintaining the total  power of the
transmitted signal if the first bit value differs from the second bit
value; modulating at least a subset of a plurality of pre-transmission
signals in accordance  with the complex weighting, a pre-transmission
signal of the plurality of pre-transmission  signals associated with an
antenna element of the plurality antenna elements, the subset of
pre-transmission signals modulated by adjusting at least one modulation
feature of the  plurality of modulation features, at least the subset of
the plurality of pre-transmission signals  modulated in accordance with the
complex weighting by: dividing a pre-transmission signal into a first
signal component and a second  signal component; adjusting the first signal
component and the second signal component in  accordance with the complex
weighting; and combining the first signal component and the second signal
component; and  sending the plurality of pre-transmission signals from the
plurality of antenna elements to  yield the combined transmitted signal,
the complex weighting associated with an optimization  of the combined
transmitted signal, the optimization of the combined transmitted signal
further comprising at least one of minimizing a total power of the combined
transmitted  signal, and managing interference between the first
communication device and the one or  more second communication devices. 


