
27 September 2006  METHOD AND APPARATUS FOR TRANSMIT POWER MODULATION IN A
WIRELESS COMMUNICATION SYSTEM  BACKGROUND  1. Field [0001] The present
invention relates to wireless communications.  II. Background [0002] A
modern-day communications system may be required to support a variety of
applications. For example, a system may allow for voice and data
communications between users  over a terrestrial link. One such
communications system is a code division multiple-access  (CDMA) system that
conforms to the "TIA/EIA/IS-95 Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System,"
hereinafter referred to as  the IS-95 standard. Another such system is a
CDMA system that conforms to the six-part  TIA/EIA/IS-2000 series, also
known as Ix. Another CDMA system that supports high-data-rate
communications conforms to the high rate packet data air interface
specification "TIA/EIA/IS- 856," also known as Ix Evolution-Data Optimized
(1xEV-DO). [0003] A network that supports wireless data communications
serves data wirelessly to multiple  users. In some examples, the network may
serve data to one user at a time. Some users may  observe a transmission
channel of good quality, such that they may receive data at a high rate.
Other users may observe a channel. of poor quality, such that they may
receive data only at a  lower rate. The observed quality of a transmission
channel may change over time, such that a user  may receive data at
different rates over corresponding different periods of time. 27 September
2006  2 [0004] Two parameters that may be used to measure the performance of
a data communications  system are: (1) the transmission delay required for
transferring a data packet and (2) the average  throughput of the system.
Transmission delay does not generally have the same impact in data
communications as it does for voice communications, but nevertheless it may
be an important  metric for measuring the performance of a data
communications system. For example, a lower  transmission delay may lead to
a greater potential for using real-time applications. The average  



throughput may serve as a measure of the efficiency of the data transmission
capability of the  communications system. [0005] It is desirable to maximize
system throughput. This criterion suggests that at any one  time, the user
observing the best channel quality should be served. However, it is also
desirable to  be fair, so that a user observing a poor channel quality will
still be served occasionally. [0006] Unfortunately, serving a user at a low
data rate may be detrimental to total system  throughput. In a case where
the network serves data to one user at a time, serving a user at a low  data
rate may prevent the network from serving more data to another user over the
same period of  time (i.e. at a higher data rate). Therefore, while it is
desirable to serve all users waiting for data  at least occasionally, it is
also desirable to serve each user at a high data rate. SUMMARY  [0007] A
transmitter according to one embodiment of the invention includes a first
gain element  and a second gain element. The first gain element is
configured and arranged to modulate a radio- frequency signal according to a
first gain factor to produce a first output signal. The second gain  element
is configured and arranged to modulate the radio-frequency signal according
to a second  gain factor to produce a second output signal. The magnitude of
both gain factors varies over  time, with the magnitude of the second gain
factor varying over time with respect to the  magnitude of the first gain
factor. Other implementations of this embodiment may include a value
generator 27 September 2006  3 configured and arranged to generate the gain
factors and/or antennas configured and arranged to  radiate signals based on
the first and second output signals. [0008] A transmitter according to
another embodiment of the invention also includes a first gain  element and
a second gain element. As above, the first gain element is configured and
arranged to  modulate a radio-frequency signal according to a first gain
factor to produce a first output signal.  In this case, the second gain
element is configured and arranged to modulate the first output  signal
according to a second gain factor to produce a second output signal. Again,
the magnitude  of both gain factors varies over time, with the magnitude of
the second gain factor varying over  time with respect to the magnitude of
the first gain factor, and other implementations of this  



embodiment may also include a value generator and/or antennas. Transmitters
and other  apparatus, methods, and systems according to further embodiments
are also disclosed herein. BRIEF DESCRIPTION OF THE DRAWINGS [0009] FIGURE 1
shows a diagram of two receivers RI, R2 at different locations but at the
same  radial distance from a transmitting antenna A10. [00010] FIGURE 2 is a
block diagram. of a transmitter 100 according to an embodiment of the
invention. [00011 ] FIGURE 3 is a block diagram of an implementation 102 of
transmitter 1.00.  [00012] FIGURE 4 is a block diagram of an implementation
200 of transmitter 100.  [00013] FIGURE 5 is a block diagram of an
implementation 202 of transmitter 100.  [00014]FIGURE 6 is a block diagram
of a transmitter 150 according to an embodiment of the invention.
[00015]FIGURE 7 is a block diagram of an implementation 152 of transmitter
150.  [00016] FIGURE 8 is a block diagram of an implementation 250 of
transmitter 150. WO 03/085858 27 September 2006  4 [00017] FIGURE 9 is a
block diagram of an implementation 300 of transmitter 150.  [00018] FIGURE
10 is a block diagram of an implementation 400 of transmitter 100.  [00019]
FIGURE 11 is a block diagram of an implementation 450 of transmitter 100.
[00020] FIGURE 12 is a block diagram of an apparatus A100 according to an
embodiment of the invention. [00021] FIGURE 13 is a diagram of a combined
radiation pattern. [00022] FIGURE 14 is a diagram of the respective coverage
areas of the antennas in  an application of multiple instances of apparatus
A100. [00023] FIGURE 15 is a diagram of two combined radiation patterns.
[00024] FIGURE 16 is a block diagram of a system including multiple
instances of  apparatus A100. [00025] FIGURE 17 is a block diagram of a
system 5100 according to an  embodiment of the invention. [00026] FIGURE 18
is an illustration of a forward link signal. 



[00027] FIGURE 19 (10) is a diagram of the cumulative distribution function
(CDF)  C of the SINR distribution in a typical hexagonal cellular layout.
[00028] FIGURE 20 is a diagram of a combined radiation pattern.  [00029]
FIGURE 21 is a diagram of a combined radiation pattern. [00030] FIGURE 22 is
a block diagram of an implementation B102 of base station  B100. WO
03/085858 27 September 2006  5 DETAILED DESCRIPTION [00031] The word
"exemplary" is used exclusively herein to mean "serving as an  example,
instance, or illustration." Any embodiment, implementation, or application
described herein as "exemplary" is not necessarily to be construed as
preferred or  advantageous over other embodiments, implementations, or
applications. [00032] It may be desirable to increase diversity with respect
to observed channel  quality among receivers that communicate with a
transmitter (e.g. of a network for  wireless data communications). For
example, it may be desirable to alter the  distribution of power radiated by
a transmitter over time with respect to space such that  receivers which are
similarly situated from a transmitter in a radial direction, but
differently situated from the transmitter in an angular direction, observe
different  patterns of channel quality variation. [00033] FIGURE 1
illustrates an example of two receivers Rl, R2 which are  similarly situated
from an omnidirectional transmitting antenna A10 in a radial  direction, but
differently situated from antenna Al0 in an angular direction. If a
possible difference in path loss is ignored for this example, each receiver
observes the  same channel quality from antenna A10 as the other receiver at
all times. In a case  where this observed channel quality is relatively
poor. (e.g. because the radial distance is  large, or because of
interference from one or more other transmitters), then a relatively  long
period of time may be required to serve data to either receiver via
transmitting  antenna A10. [00034] Possible advantages of increased
diversity are improved scheduling  



algorithm performance and increased system throughput. In a case, as shown
in  FIGURE 1, for example, a greater system throughput may be possible if
the quality of a  transmission channel from antenna A10 (e.g. the received
power) is increased for  receiver Rl at one time and for receiver R2 at a
different time. If each receiver then  sees a best channel quality that is,
for example, twice as good as before, data may be  served to both receivers
at a higher rate (e.g. during the respective periods of high  channel
quality) in approximately the same time it took to serve the same amount of
data to each receiver in the non-diverse example. In a system where a
transmitter may WO 03/085858 27 September 2006  6 transmit to fewer than all
receivers (e.g. to only one receiver) at a time, rapid disposal  of serving
tasks in such manner may allow the transmitter to satisfy data requests from
a greater number of receivers (and/or to serve a greater amount of data per
unit of time)  than otherwise. [00035] FIGURE 2 shows a block diagram of a
transmitter 100 according to an  embodiment of the invention. Gain elements
110a and 110b receive a radio-frequency  (RF) signal S 10. RF signal S10
maybe generated within transmitter 100 and/or maybe  inputted .or received
from another device or system. In an exemplary-implementation,  RF signal
S10 is a complex-valued modulated carrier signal having I (in-phase) and Q '
(quadrature) components. For example, RF signal S 10 may include a carrier
signal that  is modulated using a PSK (phase-shift keying) modulation scheme
such as BPSK  (binary PSK), QPSK (quadrature PSK), 8-PSK, or OQPSK (offset
QPSK). In another  example, RF signal S10 may include a carrier signal that
is modulated using a QAM  (quadrature amplitude modulation) scheme such as
16-QAM. ,  [00036] Gain element 110a applies a first gain factor G110a to
signal S10 to produce  a first output signal S110a. The magnitude of the
first gain factor varies over time.  Gain element Il0b applies a second gain
factor G1 10b to the RF signal to produce a  second output signal S1 10b.
The magnitude of the second gain factor varies over time  with respect to
the magnitude of the first gain factor. 



( [00037] Each of gain elements 110 may be implemented using one or more
active  devices such as bipolar junction or field-effect transistors.
Transmitter 100 may include  additional gain elements 110 that apply gain
factors G110 to the RF signal to produce  additional output signals 5110. In
such case, the magnitudes of the additional gain  factors vary over time
with respect to the magnitude of gain factor G1 10a. [00038] The magnitude
of one or more of gain factors G110 may vary periodically.  For example, one
or more of these magnitudes may vary according to a sinusoidal  function
[e.g. cos((Dt + 0), where co = 2ir/T, T is a predetermined period, and 0 is
a  predetermined phase offset value or function (e.g. of time t)]. In some
exemplary  applications, the longest such period is less than five seconds,
and the shortest such  period is greater than ten milliseconds. In one
particular application to an IS-856- compliant system, T has a value of from
one to two seconds. It may be desirable for the WO 03/085858 27 September
2006  7 period parameter T to have a value on the order of a time constant
of a forward link  scheduling algorithm (as discussed below). [00039] In
some implementations, one or more of gain factors G110 are complex- valued,
and the phase of such gain factors may vary over time (e.g. periodically).
In  one such implementation, the sum of the magnitudes of the gain factors
is a constant  (e.g. unity), and the phase of at least one of the gain
factors varies over time. [00040] In some applications of an implementation
of transmitter 100 (e.g. during  limited periods of time), one or more of
gain elements G110 may also receive and apply  a gain factor to a signal
that is not received by another of the gain elements G110.  [00041] FIGURE 3
shows a block diagram of an implementation 102 of transmitter  100. In this
implementation, value generator 120 produces the gain factors G110.  Value
generator 120 may include an analog or digital logic circuit (e.g. an array
of logic  elements executing a sequence of instructions) that calculates one
or more of the gain  factors according to one or more predetermined
functions of time. Alternatively (or  additionally), value generator 120 may
include one or more lookup tables that store  precalculated values. 



[00042] FIGURE 4 shows a block diagram of an implementation 200 of
transmitter  100. Power amplifiers 210a and 210b include gain elements 110a
and 110b,  (.. respectively, as described above. In some applications, one
or more of the signal paths in transmitter 200 also includes one or more
other processing elements such as filters  (which may be ceramic, cavity, or
surface-acoustic-wave filters). FIGURE 5 shows a  block diagram of an
implementation 202 of transmitter 100 that includes value  generator 120.
[00043] FIGURE 6 shows a block diagram of a transmitter 150 according to
another  embodiment of the invention. In this arrangement, gain element 160
receives RF signal  510 and applies a first gain factor G160 to the RF
signal to produce a first output signal  5160. Gain element 170 receives
first output signal S160 and applies a second gain  factor G170 to output
signal 5160 to produce a second output signal S170. WO 031085858 27
September 2006  8 [00044] Each of gain elements 160, 170 may be implemented
using one or more  active devices such as bipolar junction or field-effect
transistors. Transmitter 150 may  include additional gain elements that
apply gain factors to first output signal S160 to  produce additional output
signals. (00045] As with gain factors G110 described above, the magnitude of
gain factor  G160 varies over time, the magnitude of gain factor G170 (and
of the gain factors of the  additional gain elements, if any) varies over
time with respect to the magnitude of gain  factor G160, and one or more of
these magnitudes may vary periodically. In some  implementations, one or
more gain factors are complex-valued, and the phase of such C gain factors
may vary over time (e.g. periodically). In one such implementation, the  sum
of the magnitudes of the gain factors is a constant (e.g. unity), and the
phase of at  least one of the gain factors varies over time. [00046] In an
exemplary implementation of transmitter 150, the magnitude of gain  factor
G160 varies periodically as cos(cot-0), where 0 is a phase value that
distinguishes one instance of transmitter 150 in a system from another. In
one  application, for example, the value of 0 is determined by the boresite
azimuth angle of  



the transmitter's antenna or antenna array. In such an implementation, gain
factor G170  may vary as cos(wt + (p), where cp is a predetermined phase
offset function of time t.  [00047] FIGURE 7 shows a block diagram of an
implementation 152 of transmitter  150 that includes a value generator 220.
Value generator 220 produces the gain factors  G160 and G170 and may be
implemented as described above with respect to value  generator 120. [00048]
FIGURE 8 shows a block diagram of an implementation 250 of transmitter  150.
Power amplifier 260 receives output signal S160 and amplifies it to produce
an  amplified signal S260. Power amplifier 270 receives output signal S 170
and amplifies  it to produce an amplified signal S270. [00049] FIGURE 9
shows a block diagram of an implementation 300 of transmitter  150. Power
amplifiers 310 and 320 include gain elements 160 and 170, respectively, as
described above. In some applications, one or more of the signal paths in
transmitter  300 also includes one or more other processing elements such as
filters (which may be ------ -----  WO 03/085858 27 September 2006  9
ceramic, cavity, or surface-acoustic-wave filters). Another implementation
of  transmitter 300 includes value generator 220. [00050] One possible
advantage of an implementation of transmitter 150 is that gain  element 160
and/or power amplifier 260 or 310 may be a preexisting component of a
system. In such case, the transmitter may be constructed by tapping off a
corresponding  existing output signal to the added components (e.g. gain
element 170 and/or power  amplifier 270 or 320). Alternatively, gain element
160 and/or power amplifier 260 or  310 may be replaced in such a system.
[00051] In one application, a transmitter as disclosed herein is part of a
base station  C of a cellular system for wireless communications. For
example, the transmitter may be  part of a base station transceiver and/or
Access Point. Such a cellular system may  conform to one or more of the
IS-95, IS-2000, and IS-856 standards referenced above.  Receivers that
communicate with such a transmitter may be included within devices  



such as cellular telephones, Access Terminals, portable digital assistants
(PDAs),  wireless modems (e.g. connected to desktop, laptop, or notebook
computers), and/or  wireless local loop (WLL) stations. [00052]
Alternatively, the transmitter may be part of a network access point for a
wireless local-area network (LAN). Receivers that communicate with such a
transmitter may be included within PDAs, wireless modems, and/or other
devices. In C such applications, RF signal S10 may be modulated using a CDMA
or OFDM  (orthogonal frequency-division multiplexing) scheme. [00053] FIGURE
10 shows a block diagram of an implementation 400 of transmitter  100. RF
unit 130 produces RF signal S10. RF unit 130 may include elements that
perform baseband processing operations on one or more streams of data and/or
control  information such as coding (e.g. vocoding, cyclic redundancy
coding, and/or turbo  coding), interleaving, puncturing, spreading (e.g. by
one or more pseudonoise  sequences), gain scaling, and/or covering (e.g.
with a Walsh or other orthogonal or  nearly orthogonal code) as may be
appropriate for the particular application. RF unit  130 may also include
elements that perform one or more RF processing operations such  as carrier
generation and modulation (e.g. one or more local oscillators and mixers)
and  filtering. Another implementation of transmitter 400 includes value
generator 120. WO 03/085858 27 September 2006  10 [00054] FIGURE 11 shows a
block diagram of an implementation 450 of transmitter  100 that includes RF
unit 130 and power amplifiers 210 and 220. RF unit 130 may also  be used to
provide signal S10 to or within a transmitter as shown in FIGURES 5-9. .
[00055] FIGURE 12 shows a block diagram of an apparatus A100 according to an
embodiment of the invention. Apparatus A100 includes a transmitter as
described  above and an array of two or more antennas 420, each antenna 420
being coupled to  one of the output signals of the transmitter. In this
example, apparatus A100 includes  transmitter 200, although other
implementations of apparatus A100 may include any of  the implementations of
transmitters 100 or 150 as described above. [00056] An antenna 420 may have
an omnidirectional or a directional radiation  



pattern. In some implementations, the individual antennas 420 of an
apparatus A100  are positioned such that their radiation patterns coincide
or at least substantially  overlap. [00057] Antennas 420 are physically
separated from one another. In one  implementation of apparatus A100,
antennas 420 are separated by a distance of a few  wavelengths of signal
520. For a carrier signal of frequency 1.9 GI-1z (wavelength 15.8  cm), for
example, antennas 420 in such an implementation may be separated by a
distance of 30 cm (approximately two wavelengths) to 130 cm (approximately
eight  wavelengths). [00058] The combined radiation pattern (i.e. the
distribution of radiated power over  space) of the array of antennas 420 as
driven by the output signals changes over time.  In at least some
implementations of a method or apparatus as described herein,  variations in
the power of the composite radiated signal as observed at different
locations and times may be modeled and/or predicted by considering that the
individual  signals radiated by antennas 420 interfere with one another
constructively and  destructively. Such interference may be considered to
form a pattern of low and high  field intensity (e.g. a pattern having one
or more beams) whose angular distribution  varies overtime in accordance
with the variations of the values of the gain factors.  [00059] FIGURE 13
shows one possible such combined radiation pattern (as viewed  from above)
at a particular moment of time. In this non-limiting example, antennas 420
27 September 2006  ({ are omnidirectional, and the distance between these
antennas is considered negligible in  comparison with the effective range of
the composite radiated signal. The lobes in FIGURE 13  indicate regions of
high field intensity (or `beams'), and the areas between them indicate
regions  of low field intensity (or `nulls'). As the gain factors change
over time, the combined radiation  pattern changes (e.g. rotates) such that
the transmission channel quality as observed by a  stationary receiver
within range of apparatus A100 varies over time. [00060] A system for
wireless data communications (e.g. a cellular system) may include several
transmitters in proximity. In some such systems, a transmitter may be
coupled to an array of  



antennas that is co-located with (e.g. mounted on the same tower as), and
radiating primarily in a  different direction than, arrays of antennas
coupled to other transmitters. In one application,  several instances of
apparatus A1.00 having directional antennas are positioned such that the
coverage area of the antennas 420 of each apparatus A100 includes a
different sector (e.g. as  shown in FIGURE 14). [00061] The quality of a
transmission channel from one transmitter in a system, as observed by a
receiver, may be limited by interference from a nearby transmitter (e.g.
whether co-located or in a  different location such as a neighboring cell).
Such a situation may arise especially when a  receiver is located at or near
an intersection of the radiated patterns of the transmitters' antennas
(e.g. an intersection of two cells). It may be desirable to limit the degree
to which one transmitter  may interfere with the communications of another
transmitter. For example, it may be desirable in.  some applications to
limit the radiated power of a transmitter. [00062] The dashed circle in
FIGURE 13 represents such a power limit (e.g. a radius beyond  which the
intensity of the radiated field may not exceed a predetermined magnitude).
In one  example, this limit describes the effective or desired output of
apparatus A100 in a case where  each gain factor has the constant value 0
dB. Alternatively, this limit describes the effective or desired output of
apparatus A100 in a case  where the gain factors have constant (and possibly
equal) phase and a total magnitude of one.  [00063]ln applications that
include multiple instances of apparatus A100, an instance of  apparatus A
100 may vary its transmit power over time either randomly or in WO 03/085858
27 September 2006  12 synchronism with respect to other instances of
apparatus A100. In some such  applications, each instance of apparatus A100
varies its transmit power independently  of the other instances. In such a
case, the combined radiation pattern as radiated by the  array of antennas
of each instance may be periodic (e.g. a sinusoidal pattern or a  triangular
pattern) or aperiodic. Within a system that includes multiple instances of
apparatus A100, each instance may have a combined radiation pattern of the
same or  different type as the other instances. [00064] In other
applications that include multiple instances of apparatus A100,  



variations of the gain factors in nearby instances of apparatus A100 are
synchronized.  In some such applications, an output of each instance of
apparatus A100 may be power- controlled such that the moment at which the
maximum power output occurs for a  particular instance depends upon some
characteristic of the instance. [00065] It may be desirable to coordinate
the variations of the gain factors such that  when one instance of apparatus
A100 is increasing its transmit power with respect to a  particular region
of space, other nearby instances of apparatus A100 are decreasing  their
transmit power with respect to that region. In some cases, such an approach
may  be viewed as a process that dynamically moves the handoff boundary
perceived by  fixed receivers. - [00066] For an application as shown in
FIGURE 14, the variation of at least one gain  factor may be based on the
boresite azimuth angle of the array of antennas 420 for each  instance of
apparatus AlOO. In a particular case, the power radiated by one of the
antennas 420. of each particular instance of apparatus A100 is described by
the  following expression: [00067] P(t) = P.(dBm)+a(dB)*cos(mt-0) [00068]
where Po is the nominal transmit power; is the azimuth angle; and a is the
peak variation in P(t) (e.g. 1 to 4 dB). In this case, the power radiated by
another one of  the antennas 420 of each particular instance of apparatus
A100 may be described by the  following expression: [00069] P (t) = Po, *
cos(rot - rp) WO 03/085858 27 September 2006  13 [00070] where Pot is the
tapped transmit power (e.g. as inputted to gain element 170  or power
amplifier 270 or 320); and qi is a phase offset function that varies over
time.  In a particular application, the value of Pm is selected from the
range (20-100%) * Po,  and in one example, phase offset function 9 has a
period equal to or on the order of T.  In another example, phase offset
function fa has a constant value such that a constant  phase difference is
maintained between the power of the signal radiated by one of the  antennas
420 and the power of the signal radiated by another of the antennas 420 of  



apparatus A100. In such a case, phase offset function p may be substantially
constant  such that minor and/or temporary fluctuations in the phase
difference may occur (e.g.  for purposes of calibration or signaling)
without changing the generally constant  character of the phase difference
between the powers of the radiated signals. [00071] FIGURE 15 shows an
example of such an application in which the  combined radiated power of each
of two instances of apparatus A100 is greater in some  directions than the
average radiated power. In such applications, variations of the gain
factors may be synchronized between the various (e.g. adjacent) instances of
apparatus  A100. For example, the radiation patterns of two instances of
apparatus A100 may  rotate over time at the same angular velocity, or at
related or different angular  velocities, and such rotations may occur in
the same direction or in opposite directions.  In one example, the
variations of the gain factors over time are related to the boresite
azimuth angle of the antenna array (e.g. as in the example described above).
[00072] In these or other such cases, the gain factors of an apparatus A100
may be  scaled such that a measure of the average power radiated by the
apparatus over time  (e.g. according to a preselected integration function)
is the same as in the constant-gain  case described above. Otherwise, as
shown in FIGURE 15, the average power  (indicated by the inner dotted
circles) may be reduced as compared to that in the  constant-gain case
(indicated by the outer dotted circles). [00073] As demonstrated in FIGURES
13 and 15, receivers at different locations but  at the same radial distance
from an apparatus A100 may observe different channel  qualities at different
times. In such cases, it may be desirable for apparatus A100 to  serve data
to respective receivers at times when channel quality is observed to be high
and/or is expected to be high. WO 03/085858 27 September 2006  14 [00074]
Apparatus A100 may receive data directed to a receiver R100 according to a
schedule or other initiating event. Such data may be received from sources
such as a  storage element or array of storage elements coupled to apparatus
A100. Alternatively,  such data may be received from a data network such as
the Internet, via an interface  



such as a packet data serving node (PDSN P100). In a system that includes
more than  one instance of apparatus A100 (e.g. as shown in FIGURE 16), a
data controller C100  may route data traffic to one or more such instances
for possible transmission to a  receiver R100. [00075] A further
implementation of apparatus A100 includes a data queue to store  data for
possible transmission via RF unit 130 and antennas 420 to one or more
receivers. Such an apparatus A100 may transmit data from the data queue in
sequential  order. Once transmitted, data units may be deleted from the data
queue; alternatively,  transmitted data units may be retained until
acknowledgement is received from receiver  R100. [00076] Data transmitted by
apparatus AlOO may include portions of data files,  images, video, messaging
information, voice or sound information, web pages, or other
communications. Apparatus A100 may uniquely identify a data transmission to
a  particular receiver R100, e.g. by using a spreading code unique to that
receiver. In a  particular application, apparatus A100 uses a spreading code
that is a long pseudonoise  (PN) code as defined in the IS-95 standard
referenced above. [00077] Data may be transmitted as packets of
predetermined size. The size of a  data packet may vary according to the
data rate (or may be independent of the data rate)  and may also depend on
control information included in the packet (e.g. source and  destination
identifiers). In some applications, different portions of a data packet may
be  transmitted at two different times (e.g. during two different time
slots). In these or  other applications, a packet may be multiplexed across
several parallel streams (e.g.  where each stream is transmitted over a
different frequency or frequency band and/or is  covered by a different
Walsh or other orthogonal or nearly orthogonal code). [00078] In one
application, apparatus A100 is stationary, the positions of the  receivers
R100 relative to apparatus A100 are known, and the environment is expected
to be relatively constant (e.g. with respect to scattering and attenuative
phenomena). WO 03/085858 27 September 2006  15 Such conditions may hold, for
example, in a wireless local loop (WLL) installation  



(especially in a rural area) or in certain wireless LANs. In such cases,
apparatus A100  may serve data to different receivers over time according to
the channel quality  expected to be observed by each receiver (e.g. as
determined by the variations of the  gain factors and the locations of the
receivers). [000791 In other applications, apparatus A100 and/or one or more
receivers R100  may be moving, and/or the environment may be expected to
vary. In such cases,  apparatus A100 may serve data to different receivers
over time according to the channel  qualities as observed by the receivers.
In an exemplary application, mobile units that  include receivers R100
transmit indicators of observed channel quality (e.g. over a  wireless
reverse datalink) to one or more base stations that include instances of
apparatus A100. [00080] FIGURE 17 shows a block diagram of a system S100
according to an  embodiment of the invention. Base station B100 includes
apparatus A100 and receiver  BRIOO. Mobile unit M100 includes receiver R100
and transmitter T100. It may be  desirable in a particular implementation to
integrate apparatus A100 and receiver  BR100 into a single transceiving
unit. Likewise, it may be desirable in a particular  implementation to
integrate receiver R100 and transmitter T100 into a single  transceiving
unit. C [00081] The term `forward link' refers to a transmission from a base
station to one or  more mobile units, and the term `reverse link' refers to
a transmission from a mobile  unit to one or. more base stations. In some
systems (e.g. IS-95-compliant systems),  forward link transmissions occur
over a frequency band or set of bands, and reverse link  transmissions occur
over a different frequency band or set of bands. [00082] In addition to the
examples described above, base station B100 may receive  data directed to
mobile unit M100 in response to a request transmitted by the mobile  unit
(e.g. a request generated by a web browser or other application executing on
mobile unit M100, possibly received by base station B100 and/or by another
instance of  base station B100 and forwarded to a data network).
Alternatively, base station B100  may receive data directed to mobile unit
M100 from another instance of mobile unit  M100. 



WO 03/085858 27 September 2006. .  16 [00083] In one implementation of
system S100, mobile station M100 observes the  quality of a transmission
channel from at least one instance of base station B100 and  transmits a
corresponding channel quality indication to at least one of the instances of
base station 13100. Depending upon the particular application, mobile unit
M100 may  observe the channel quality constantly, periodically, according to
a schedule, upon a  predetermined event (e.g. user activity), and/or in
response to a transmission (e.g. a  paging message) received from one or
more instances of base station B 100. [00084] RF signal S10 may include a
pilot signal. In such a case. a mobile unit may  transmit a channel quality
indication based on the observed strength of the received  pilot signal. In
one application, the pilot data comprises a sequence of all zeros (or all C
ones). The pilot signal may be coded (e.g. spread with a predetermined
pseudonoise  sequence) and/or covered (e.g. with a Walsh or other orthogonal
or nearly orthogonal  code). One or more such spreading or covering codes
may serve to identify or  otherwise distinguish one pilot signal (e.g.
transmitted by a particular instance of  apparatus A100) from another. It
may be desirable for apparatus A100 to transmit a  pilot signal even when no
data is immediately available for transmission. [00085] A pilot signal may
be transmitted as a continuous signal, or it may be  multiplexed in time
with data and/or control signals. For example, RF signal S10 may  include
pilot signal bursts that are multiplexed in time with data and/or control
signal  bursts (D/C1 as shown in FIGURE 18. Information in data or control
signals may be t_. encoded such that only a specified receiver or set of
receivers R100 may decode it;  alternatively, such information may be
encoded such that all receivers in the system  may decode it. [00086]
Transmissions on RF signal S10 maybe divided in time into slots of a fixed
duration. In one example, each slot has a duration of 1.667 milliseconds. In
such  applications, one or more pilot signal bursts may occur at
predetermined locations  within such a slot. In one example, each time slot
includes two pilot bursts, each sixty- four chips in duration, that occur at
the end of the first and third quarters of the time  



slot. [00087] In one implementation of apparatus A100 for use in a system
including a  pilot signal, total transmit power is controlled. In another
implementation, the pilot WO 03/085858 27 September 2006  17 signal and the
data signal are power-controlled. In another implementation, only the  data
signal is power-controlled. [00088] In one example, observing channel
quality includes measuring a signal-to- interference-and-noise ratio (SINK)
for each observed channel (other channel quality  observations may include
bit- or packet-error-rate measurements). The SINR observed  by a receiver is
a function of the path loss,' which for terrestrial cellular systems
increases as r3 to r5, where r is the distance to the radiating source. The
path loss may  also be subject to random variations due to man-made or
natural obstructions within the  path of the radio wave. These random
variations are typically modeled as a lognormal C shadowing random process
with a standard deviation of 8 dB. FIGURE 19 shows one  example of a SINR
distribution that may be observed in a system including transmitters
arranged in a typical hexagonal cellular layout with omnidirectional
antennas, an r  propagation law, and a shadowing process with 8 dB standard
deviation. Because of  the random nature of the path loss, the signal with
the largest SINR value may be  transmitted by a base station located farther
from the mobile unit than another base  station. [00089] Data rate may be
related to observed SINK according to the following  expression: SINR
[00090] Rb =W (E6 / I) , (1)  0 [00091] where Rb represents the information
rate on a particular channel, W is the  total bandwidth occupied by the
signal, and Eb/to is the energy per bit over interference  density that is
required to achieve a given level of performance. For example, if the
radiated signal occupies a bandwidth W of 1.2288 MHz, and reliable
communication  



requires an average Eb/I0 equal to 3 dB, then a receiver that observes a
SINR of 3 dB  over a channel may receive data over that channel at a rate as
high as 1.2288 Mbps. On  the other hand, given these parameter values, if
the receiver is subject to substantial  Ii interference (e.g. from adjacent
transmitters) and can only observe a SINR of -7 dB,  II reliable
communication might not be supported at a rate greater than 122.88 Kbps. WO
03/085858 27 September 2006  18 [00092] In one application, a SINR
measurement is obtained by despreading the  received pilot signal. (Once
data transmission to mobile unit M100 begins, further  SIN[. measurements
may be obtained from the data signal.) A channel quality  indication may be
based on a present channel quality observation (e.g. a SINR  measurement) as
well as one or more past channel quality observations. A channel  quality
indication may become inaccurate if the channel condition changes before the
indication is transmitted, and it may be desirable to transmit the channel
quality  indication(s) in close temporal proximity to the corresponding
channel quality  observation(s) (e.g. within one time slot). [00093] In a
system including more than one instance of base station B100, mobile  unit
M100 may select one or more instances of base station B100 based on
parameters  such as best observed channel quality. In an exemplary
implementation of system  S100, mobile unit M100 sends a channel quality
indication to at least one selected  instance of base station 3100. For
example, mobile unit M100 may send a channel  quality indication to the
instance of base station B100 which corresponds to the best  observed
channel quality. Depending upon the particular application, mobile unit
M100 may transmit the channel quality indication(s) constantly;
periodically; according  to a schedule; and/or in response to a
predetermined event such as measurement of a  high observed channel quality
(e.g. in comparison to a predetermined threshold value),  or receipt of a
transmission from one or more instances of base station B100. [00094] Mobile
unit M100 may transmit a chan nel quality indication using a PSK  



(phase-shift keying) modulation scheme such as BPSK (binary PSK), QPSK
(quadrature PSK), or OQPSK (offset QPSK). Mobile unit M100 may also transmit
a  pilot signal. In one implementation, the same reverse link channel
carries the pilot  signal and the channel quality indication (e.g. during
different time slots or different  portions of time slots). Mobile unit M100
may also transmit other control information  to base station B100 (such as
an excess SINR indication that base station 13100 may  apply to reduce its
transmit power). [00095] In some applications, both the forward link and
reverse link data  transmissions occur over time slots. In such a case,
mobile unit M100 may send a  channel quality indication in every time slot.
The time slots may have the same WO 03/085858 27 September 2006  19 duration
in both the forward and reverse link cases (e.g. 1.667 milliseconds).
Alternatively, data transmission on the reverse link may occur at a lower
data rate, such  that a longer time base unit may be used on the reverse
link to improve efficiency.  [00096] In one application, mobile unit M100
transmits a SINR index that represents  a quantized value of the SINK
measurement. Using more bits to represent the SINR  index may allow a finer
quantization of the SINR measurement at the possible expense  of more
complexity and/or more transmission overhead. The index mapping may be
linear or -predistorted. For a linear mapping, each increment in the SINR
index  represents a corresponding increase of a constant amount (e.g. 2.0dB)
in the SINR C measurement. For a predistorted mapping, each increment in the
SINK index may  represent a different increase in the SINR measurement. For
example, a predistorted  mapping may be used to quantize the SINK
measurement to match the cumulative  distribution function (CDF) curve of
the SINK distribution as shown in FIGURE 19.  [00097] In another
application, mobile unit M100 transmits the channel quality:  indication as
a data rate request. For example, mobile unit M100 may transmit a  request
for transmission at the highest data rate that the measured SINR can
reliably  support. The data rate request may take different forms. In one
embodiment, the  request indicates the requested data rate. In another
embodiment, the request is a  



number or other symbol or set of symbols that indicates the requested data
rate, such as  an index into a preestablished table of data rates. In yet
another embodiment, the `- request indicates the quality of the forward link
(such as a SINR index), which a  receiving base station B100 assesses to
determine the appropriate data rate: [00098] In a system that includes more
than one instance of base station B100, it  may be desirable for mobile unit
M100 to transmit a channel quality indication such  that only a selected one
or more instances of base station B 100 may receive the request  In one such
embodiment, each instance of base station 13100 is assigned a code (e.g. a
Walsh or other orthogonal or nearly orthogonal code) that is unique at least
among the  instances of base station B100 in communication with mobile unit
M100, and mobile  unit M100 covers the channel quality indication with the
code corresponding to the  selected instance of base station B100. For
example, the symbols of the channel quality  indication may be
exclusive-ORed (XOR) with the unique code, such that only the 27 September
2006  )0 instance of base station B100 that performs the identical XOR
operation (i.e. using the correct  code) may decode the transmission. Ina
particular example, the unique code is a Walsh code 128  (one hundred
twenty-eight) chips in length. [00099]In one implementation of system 5100,
mobile unit M100 calculates the maximum data  rate that may be reliably
supported in light of the observed channel quality, quantizes this rate to
an available (e.g. indexed) data rate, and transmits an indication of this
available data rate as a  channel quality indication. In one such
application, the minimum available data rate is 38.4 Kbps,  and the maximum
available data rate is 2.4576 Mbps. The minimum available data rate may be
selected based on such factors as the worst-case SINR measurement in the
system, the processing  gain of the system, the design of any error
correcting codes, and the desired level of performance.  [000100] Supporting
a greater number of available data rates may require more bits to identify
the requested data rate, but may also allow for more efficient use of the
forward link (e.g. due to a  smaller quantization error between the
calculated maximum data rate and the closest available  data rate). An
increment between the available data rates may represent a compromise among
several factors such as the accuracy of the channel. quality measurement
that may be achieved by  



mobile unit M100, the losses (or inefficiencies) that may result from the
quantization of the data  rates, and the number of bits needed to convey the
data rate request from mobile unit M100 to  base station B100. In one
application, a linear increment of 3 dB separates adjacent available data
rates. In other  applications, a nonlinear mapping may be used. [000101]
Likewise, a compromise may be made between the number of available data
rates and  the number of bits needed to convey the channel quality
indication. In one application, the  number of available data rates is
seven, and a 3-bit rate index is used in the channel quality  indication to
identify the requested one among these data rates. [000102] In some
implementations, the channel quality indication may be transmitted
redundantly. For example, it may be desirable to ensure a low probability of
error in the  transmission of such information. In such cases, mobile unit
M100 may apply an error correcting  code to the channel quality indication
before transmission. In one such embodiment, mobile unit  M100 includes a
rate (8,4) CRC (cyclic redundancy WO 03/085858 27 September 2006  21
checksum) block encoder that encodes a 3-bit data rate message into an 8-bit
code  word, and base station B100 includes an appropriate decoder. As
described above, it  may be desirable in some applications to cover the code
word before transmission with  a unique code corresponding to one or more
selected instances of base station B100.  (In one application, the code word
includes an excess SINR indication.) [000103] In another implementation, a
channel quality indication is conveyed to base  station B100 using an
absolute reference and a relative reference. In one such  application, the
absolute.reference is transmitted periodically. The absolute reference
identifies the observed channel quality indication to a predetermined degree
of C accuracy. Between transmissions of the absolute references, mobile unit
M100  transmits (e.g. at each time slot) a relative reference that indicates
whether the data rate  currently requested is higher, lower, or the same as
the data rate previously requested.  Periodic transmission of an absolute
reference may allow the requested data rate to be  set to a known state from
time to time and may reduce or prevent accumulation of error  



(e.g. due to faulty receptions of relative references). In an application
where fewer bits  are used to transmit the relative references, an overall
reduction in reverse link  transmission overhead may be realized. Other
protocols to transmit a channel quality  indication are possible and are
included within the scope of the present invention.  [000104] In one
implementation, mobile unit M100 transmits a channel quality  indication
within the first half of each time slot. Such an arrangement may allow a
receiving base station to use the remaining half of the time slot to decode
and/or  decover the channel quality indication (if necessary) and to
configure apparatus A100  for data transmission at the next successive time
slot if appropriate (e.g. if data is  available and if transmission to
another receiver is not selected). If the next successive  time slot is not
available, base station B100 may continue to monitor the reverse link
channel for new channel quality indications until a time slot is available.
[000105] In one application, mobile unit M100 transmits a channel quality
indication  at each time slot during periods when mobile unit M100 is
receiving data transmissions  as described above. In such a case, mobile
unit M100 may or may not transmit a pilot  signal during the remainder of
the time slot. During periods when mobile unit M100 is WO 03/085858 27
September 2006  22 not receiving such data transmissions, it may be
desirable for mobile unit M100 to  transmit a pilot signal on the reverse
link channel, possibly during the entire slot.  [000106] In certain cases as
described above, mobile unit M100 transmits a channel  quality indication to
base station B100 that includes a requested data rate, and base  station
13100 transmits data to mobile unit M100 at the requested data rate. In such
cases, it may be unnecessary for base station B100 to explicitly identify to
mobile unit  M100 the rate of the data transmission. In other applications,
base station B100 may  transmit at a rate that is different than the
requested data rate, based on such factors as  the resources available to
base station 13100 (e.g. queue size, amount of data available  to transmit
to mobile unit M100, available transmit power) and previously received
channel quality indications. In such cases, the data rate being used may be
communicated to mobile unit M100 over another forward link channel or may be



detected by mobile unit M100 from the data transmission itself. [000107] In
an exemplary implementation, base station B100 transmits a paging  signal to
mobile unit M100 upon receiving data directed to mobile unit M100. The
paging signal may be encoded (e.g. spread by a particular pseudonoise
sequence) or  otherwise formatted such that only the particular mobile unit
M100 may interpret it. In  a system that includes more than one instance of
base station 13100, more than one such  instance may receive data directed
to mobile unit M100 and transmit a paging signal to  mobile unit M100.
[000108] In some applications, base station 13100 may receive data directed
to more  than one instance of mobile unit M100, may transmit paging signals
to more than one  such instance of mobile unit M100, and/or may receive
channel quality indications from  more than one instance of mobile unit
M100. In one such case, base station B100 may  select one or more different
instances of mobile unit M100 for data transmission from  one time slot to
the next. [000109] After transmitting a paging signal, a base station B100
according to such an  implementation may monitor the reverse link channel
for a channel quality indication  from mobile unit M100. Upon receipt of a
channel quality indication, base station  B100 may transmit data to mobile
unit M100 (e.g. beginning with the next available  time slot). If no channel
quality indication is detected on the reverse link channel, base WO
03/085858 27 September 2006  23 station 13I00 may retransmit the paging
signal a predetermined number of times.  Alternatively, base station B100
may receive a command (e.g. from controller C100) to  terminate the process
(e.g. because another instance of base station B100 is in  communication
with mobile unit M100). [000110] In one application, mobile unit M100 may
request data transmissions from  different instances of base station B100 at
each time slot (e.g. as relative channel  qualities change). In such an
application, it may be desirable to coordinate the  transmission of datato
mobile unit M100 among the different instances of base station  13100. 



[000111]. In one such implementation of system 5100, an instance of base
station  B100 informs controller C100 of a data transmission to mobile unit
M100. Controller  C100 then sends an update message to other instances of
base stations B100 that  identifies the data transmitted. For example,
controller Cl00 may send such a message  to all such instances or only to
those instances assigned to communicate with mobile  unit M100 (e.g.
instances of base station 13100 that have data directed to mobile unit
M100). If mobile unit M100 then requests data transmission from a different
instance  of base station B100 (e.g. in a channel quality indication
subsequently transmitted), the  new instance may send data units that have
not yet been transmitted to mobile unit  M100. [000112] In one application,
the new instance of base station 13100 transmits data in  accordance with
the most recent update message from controller C100. Alternatively,  the new
instance may select data units to transmit using predictive schemes based on
metrics such as the average transmission rate and prior update messages.
[000113] It may be desirable for controller C100 and/or base station 13100
to be able  to distinguish data units (e.g. packets) from one another. In
one application, data units  are identified using unique sequence numbers.
In such a case, mobile unit M100 may  detect that a received sequence of
data units is incomplete and may identify and request  retransmission of the
missing data units. [000114] In some applications, it may be desirable to
limit the degree of variation in  the combined radiated signal of an
apparatus A100. In an implementation of system Nil WO 031OS585s 27 September
2006  24  S100, for example, a number of instances of base station B100 (an
`active set') may be  assigned to communicate with mobile unit M100, based
at least in part on the channel  quality as indicated by mobile unit M100.
If the strength of a received pilot signal is  above a predetermined add
threshold or below a predetermined drop threshold, mobile  unit M100 may
report this observation, and subsequent control signals may direct  mobile
unit M100 to add or delete those instances of base station B100 to or from
its  



active set, respectively. In such implementations, it may be desirable to
avoid inducing  a high turnover rate in the active set of mobile unit M100.
[000115] In another example, communications between mobile unit M100 and one
or  more instances of base station B100 may include feedback information
that supports  one or more control loops (in a particular example, RF signal
S10 includes such control  information). In one such loop, base station B100
transmits information to control the  transmit power of mobile unit M100. If
the channel quality observed by mobile unit  M100 varies so greatly that
control information transmitted by base station B100 is not  received, then
a control loop may not function as desired. [000116] In another example,
mobile unit M100 may receive a paging signal from  base station 13100 as
described above. If the channel quality observed by mobile unit  M100 varies
too greatly, then mobile unit M100 may not receive the paging signal.
[000117] In some implementations of apparatus A100, variation of the level
of the  radiated signal is limited. FIGURE 20 illustrates one possible
radiation pattern of a  combined signal as radiated by such an
implementation of apparatus A100. One may  see that this pattern has a
lesser degree of variation as compared with a pattern as shown  in FIGURE 13
(the dashed circle represents the condition where varying terms are  reduced
to zero and may also represent the same power limit as the circle in FIGURE
13). [000118] In one such implementation of apparatus A100, the magnitude of
one or  more gain factors varies as [k * a(t)], where k is a constant factor
and a(t) is a term that  varies over time. FIGURE 21 shows a possible
radiation pattern of a combined signal  as radiated by such an
implementation of apparatus AI00 (the dashed circle represents  the
condition where varying terms are reduced to zero and may also represent the
same  power limit as the circle in FIGURE 13). In this example, the value of
k corresponds to WO 03/085858 27 September 2006  25 a desired peak power
variation factor (e.g. 1-4 dB), and a(t) is a (e.g. zero-mean)
deterministic or nondeterministic process whose values are limited to the
range [-1,  +1]. In one such example, a(t).has the value cos(cot+0). As
shown in FIGURE 15 and  



discussed above, the variations of gain factors of nearby instances of
apparatus A100  may be synchronized. [000119] If the quality of a channel as
observed by mobile unit M100 is time-varying,  then the mobile unit M100 may
indicate a higher channel quality relative to the average  for some fraction
of the time and a lower channel quality relative to the average for  some
other fraction of the time. It may be desirable to schedule data
transmissions to c mobile unit M100 during periods when the indicated
channel quality is higher than  average. [000120] In some implementations,
base station B100 calculates (possibly for several  different instances of
mobile unit M100) an average of the plurality of channel quality
indications it receives from each instance of mobile unit M100. For example,
calculating this average may include applying a low-pass filter to a history
of received  channel quality indications. Base station B100 then transmits
data to those instances of  mobile unit M100 that indicate a
higher-than-average channel quality. [000121] In another example, a low-pass
filter is applied to a history of rates at which  the particular instance
has been served, with the result being compared to a current  channel
quality indication. In one such implementation, data transmission is biased
in  favor of an instance of mobile unit M100 whose channel quality
indication indicates a  data rate that is higher than the average data rate
at which the instance has previously  been served. [000122] It may be
desirable to schedule data transmissions according to channel  quality
indications as normalized by a data transmission history. In a particular
example, a scheduler H100 schedules the next data transmission to that
mobile unit I  which has the highest ratio of requested data rate DRC to
average served rate It [000123] DRC1(n)/Ri(n), where
Ri(n)=(1-1/tc)*RK(n-l)+(1/tc), 27 September 2006  26 [000124] where DRC1 is
the data rate currently requested by mobile unit 1, Rr(x) is the average
served rate of mobile unit I in slot (x), and tc is a scheduler time
constant. In one embodiment, tc  has the value 1000 time slots, although the
time constant may be any positive integer greater than  



one, and its particular value may depend on. the application. [000125] The
scheduling of the data communication can be based on additional
considerations  such as the guarantee of service (GOS) of the user, the
queue size, the type of data, the amount of  delay already experienced, and
the error rate of the data transmission. Other factors may also be
considered in scheduling data transmissions (e.g. changes in load or
environmental conditions),  and such variations are included within the
scope of the present invention. [000126] The implementation of scheduler
H100 in a particular application may depend on  whether centralized or
distributed scheduling processing is desired. For distributed processing,
for  example, a separate instance of a scheduler H100 may be coupled to or
even included in each  instance of base station 13100. FIGURE 22 shows a
block diagram of an implementation. B102 of  base station 13100 in which
scheduler H100 is coupled to data queue Q100 (e.g. to receive the  queue
size, which may indicate the amount of data available for transmission),
apparatus A100,  and receiver BR100 (e.g. to receive the channel quality
indications). Conversely, for centralized  processing, scheduler H100 may
coordinate the data transmissions of multiple instances of base  station
B100. In some such applications, scheduler H100 may be included within
controller C100.  [000127] As noted above, in some cases the variations of
the gain factors are periodic. While it  may be desirable for the time
periods of these variations to be relatively short (e.g. to increase a  rate
of channel quality variation), it may also be desirable not to excessively
reduce these periods.  Once a receiver RI 00 observes a channel quality, for
example, it may be desirable for the receiver  to send the channel quality
indication and to receive data in response before a substantial change  in
channel quality occurs. It may also be desirable to reduce the impact of
such channel quality  variations on channel tracking algorithms, control
loops, and/or other operations that may be  active, such that WO 03/085858
27 September 2006  27 a method or apparatus according to an embodiment of
the invention may be practiced at  the transmitter of an existing system
without modification to the receivers. [000128] In one example, the values
of the time periods of the variations of the gain  factors are selected to
be within a forward link scheduler time constant. In some  applications, the
duration of the period may be the same for all gain factors. In some  



applications, the time' period of the magnitude and/or phase variations is
also based on  environmental factors that may affect channel quality (e.g.
the speed of the receiver  relative to the transmitter, the number and
nature of reflectors and other obstructors in  the vicinity, etc.). [000129]
The foregoing presentation of the described embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various  modifications to these embodiments are possible, and the generic
principles presented  herein may be applied to other embodiments as well.
For example, an embodiment of  the invention may be implemented in part or
in whole as a hard-wired circuit, as a  circuit configuration fabricated
into an application-specific, integrated circuit, or as a  firmware program
loaded into non-volatile storage or a software program loaded from  or into
a storage medium as machine-readable code, such code being instructions
executable by an array of logic elements such as a stand-alone or embedded
microprocessor, microcontroller, or other digital signal processing unit.
[000130] In a further implementation, variations of one or more gain factors
may  occur in response to transmissions received, e.g., from mobile unit
M100. For example,  a combined radiation pattern of apparatus A100 may be
selected based on the direction  from which data transmission is requested.
Thus, the present invention is not intended  to be limited to the
embodiments discussed above but rather is to be' accorded the  widest scope
consistent with the principles and novel features disclosed in any fashion
herein. WE CLAIM: 27 September 2006  29 We claim: 1. A transmitter
comprising: a first gain element configured and arranged to modulate a
radio-frequency signal  according to a first gain factor to produce a first
output signal; and a second gain element configured and arranged to modulate
the radio-frequency signal  according to a second gain factor to produce a
second output signal, 



wherein a magnitude of the first gain factor varies over time, wherein a
magnitude of the second gain factor varies over time with respect to the
magnitude of the first gain factor, wherein at least one among a magnitude
and a phase of at least one among the first and  second gain factors varies
over time according to a periodic function, wherein a period of the periodic
function is not less than one-half second, and  wherein the period of the
periodic function is not more than four seconds. 2. A transmitter
comprising: a first gain element configured and arranged to modulate a
radio-frequency signal  according to a first gain factor to produce a first
output signal; a second gain element configured and arranged to modulate the
radio-frequency signal  according to a second gain factor to produce a
second output signal, wherein a magnitude of the first gain factor varies
over time, and wherein a magnitude of the second gain factor varies over
time with respect to the  magnitude of the first gain factor; and an antenna
array including: 27 September 2006  29 a first antenna configured and
arranged to radiate a signal based on the first output signal;  and a second
antenna configured and arranged to radiate a signal based on the second
output  signal, wherein the first and second antennas are configured and
arranged such that the radiation  pattern of one antenna substantially
overlaps the radiation, pattern of the other antenna. 3. The transmitter
according to claim 2, wherein a value of at least one among the first and
second gain factors at a moment of time is based on a boresite azimuth angle
of the antenna array.  4. A transmitter comprising: a first gain element
configured and arranged to modulate a radio-frequency signal  according to a
first gain factor to produce a first output signal; a second gain element
configured and arranged to modulate the radio-frequency signal  



according to a second gain factor to produce a second output signal, wherein
a magnitude of the first gain factor varies over time, and wherein a
magnitude of the second gain factor varies over time with respect to the
magnitude of the first gain factor; and at least one additional gain
element, each additional gain element being configured and  arranged to
modulate the radio-frequency signal according to a corresponding additional
gain  factor to produce a corresponding additional output signal, wherein a
sum of the magnitudes of the first, second, and additional gain factors is
substantially constant over time. 5. A transmitter comprising: a first gain
element configured and arranged to modulate a radio-frequency signal
according to a first gain factor to produce a first output signal; and 27
September 2006  30 a second gain element configured and arranged to modulate
the first output signal  according to a second gain factor to produce a
second output signal, wherein a magnitude of the first gain factor varies
over time, wherein a magnitude of the second gain factor varies over time
with respect to the  magnitude of the first gain factor, wherein at least
one among a magnitude and a phase of at least one among the first and
second gain factors varies over time according to a periodic function,
wherein a period of the periodic function is not less than one-half second,
and  wherein the period of the periodic function is not more than four
seconds. 6. A transmitter comprising: a first gain element configured and
arranged to modulate a radio-frequency signal  according to a first gain
factor to produce a first output signal; a second gain element configured
and arranged to modulate the first output signal  according to a second gain
factor to produce a second output signal, wherein a magnitude of the first
gain factor varies over time, and wherein a magnitude of the second gain
factor varies over time with respect to the  



magnitude of the first gain factor; and an antenna array including: a first
antenna configured and arranged to radiate a signal based on the first
output signal;  and a second antenna configured and arranged to radiate a
signal based on the second output  signal, wherein the first and second
antennas are configured and arranged such that the radiation  pattern of one
antenna substantially overlaps the radiation pattern of the other antenna.
27 September 2006  31 7. The transmitter according to claim 6, wherein a
value of at least one among the first and  second gain factors at a moment
of time is based on a boresite azimuth angle of the antenna array.  8. A
transmitter comprising: a first gain element configured and arranged to
modulate a radio-frequency signal  according to a first gain factor to
produce a first output signal; a second gain element configured and arranged
to modulate the first output signal  according to a second gain factor to
produce a second output signal, wherein a magnitude of the first gain factor
varies over time, and wherein a magnitude of the second gain factor varies
over time with respect to the  magnitude of the first gain factor; and at
least one additional gain element, each additional gain element being
configured and  arranged to modulate the first output signal according to a
corresponding additional gain factor to  produce a corresponding additional
output signal, wherein a sum of the magnitudes of the first, second, and
additional gain factors is  substantially constant over time. 9. An
apparatus for data transmission, said apparatus comprising: a transmitter
including an RF unit configured and arranged to output a radio-frequency
signal, a first power amplifier configured and arranged to output a first
amplified signal based on  the radio-frequency signal, and a second power
amplifier configured and arranged to output a  second amplified signal based
on the radio-frequency signal, and 



an antenna array including a first antenna configured and arranged to
receive and radiate  the first amplified signal and a second antenna
configured and arranged to receive and radiate the  second amplified signal,
wherein a distance between the first and second antennas is a few
wavelengths of a  carrier signal of the radio-frequency signal, and 27
September 2006  3a wherein a magnitude of the power of the first amplified
signal varies over time, and  wherein a magnitude of the power of the second
amplified signal varies over time with respect to  the magnitude of the
power of the first signal. 10. The apparatus for data transmission according
to claim 9, wherein said transmitter is  further configured and arranged to
radiate a signal whose field intensity varies periodically over  time with
respect to angle in a portion of a horizontal plane centered at the antenna
array. 11. The apparatus for data transmission according to claim 10,
wherein a period of the  variation of the field intensity is not less than
one-half second and not greater than four seconds.  12. The apparatus for
data transmission according to claim 9, wherein the radio-frequency  signal
is encoded using a CDMA scheme. 13. The apparatus for data transmission
according to claim 9, said apparatus further  comprising a data queue
configured and arranged to store data, wherein the RF unit is further
configured and arranged to output a paging message  directed to a mobile
unit when the data queue stores data directed to the mobile unit. 14. The
apparatus for data transmission according to claim 9, said apparatus further
comprising a receiver configured and arranged to receive a channel quality
indication from a  mobile unit, wherein said apparatus is further configured
and arranged to transmit data directed to the  mobile unit based on a value
of the channel quality indication. 15. The apparatus for data transmission
according to claim 14, said apparatus further  comprising a scheduler
configured and arranged to normalize a value of the channel quality
indication by a history of data transmissions to the mobile unit. 



16. The apparatus for data transmission according to claim 14, said
apparatus further  comprising a decoder configured and arranged to remove
from the channel quality indication a  predetermined code that is at least
nearly orthogonal. 33 27 September 2006  17. A method for data transmission
comprising: applying a first gain factor to a radio-frequency signal to
produce a first output signal;  and applying a second gain factor to one
among the radio-frequency signal and the first  output signal to produce a
second output signal, wherein said applying a first gain factor includes
varying a magnitude of the first gain  factor over time, wherein said
applying a second gain factor includes varying a magnitude of the second
gain factor over time with respect to the magnitude of the first gain
factor, wherein at least one among said applying a first gain factor and
said applying a second  gain factor includes varying at least one of a
magnitude and a phase of the corresponding gain  factor over time according
to a periodic function, wherein a period of the periodic function is not
less than one-half second, and  wherein the period of the periodic function
is not more than four seconds. 18. A method for data transmission
comprising: applying a first gain factor to a radio-frequency signal to
produce a first output signal;  applying a second gain factor to one among
the radio-frequency signal and the first  output signal to produce a second
output signal, wherein said applying a first gain factor includes varying a
magnitude of the first gain  factor over time, and wherein said applying a
second gain factor includes varying a magnitude of the second  gain factor
over time with respect to the magnitude of the first gain factor; radiating
a signal based on the first output signal over a spatial region with a first
antenna  of an antenna array; and 27 September 2006  3~ 



radiating a signal based on the second output signal over substantially the
spatial region  with a second antenna of an antenna array. 19. The method
for data transmission according to claim 18, wherein at least one among said
applying a first gain factor and said applying a second gain factor includes
varying a magnitude  of the corresponding gain factor based on a boresite
azimuth angle of the antenna array. 20. A method for data transmission
comprising: applying a first gain factor to a radio-frequency signal to
produce a first output signal;  applying a second gain factor to one among
the radio-frequency signal and the first  output signal to produce a second
output signal, wherein said applying a first gain factor includes varying a
magnitude of the first gain  factor over time, and wherein said applying a
second gain factor includes varying a magnitude of the second  gain factor
over time with respect to the magnitude of the first gain factor; receiving
a channel quality indication from a mobile unit; transmitting data directed
to the mobile unit based on a value of the channel quality  indication; and
normalizing a value of the channel quality indication by a history of data
transmissions to  the mobile unit. 21. A method for data transmission
comprising: applying a first gain factor to a radio-frequency signal to
produce a first output signal;  applying a second gain factor to one among
the radio-frequency signal and the first  output signal to produce a second
output signal, wherein said applying a first gain factor includes varying a
magnitude of the first gain  factor over time, and 27 September 2006  35
wherein said applying a second gain factor includes varying a magnitude of
the second  gain factor over time with respect to the magnitude of the first
gain factor; receiving a channel quality indication from a mobile unit;
transmitting data directed to the mobile unit based on a value of the
channel quality  



indication; and removing from the channel quality indication a predetermined
code that is at least nearly  orthogonal. 22. An apparatus for data
transmission, said apparatus comprising: a transmitter including an RF unit
configured and arranged to output a radio-frequency  signal, a first power
amplifier configured and arranged to output a first amplified signal based
on  the radio-frequency signal, and a second power amplifier configured and
arranged to output a  second amplified signal based on the first amplified
signal, and an antenna array including a first antenna configured and
arranged to receive and radiate  the first amplified signal and a second
antenna configured and arranged to receive and radiate the second amplified
signal, wherein a distance between the first and second antennas is a few
wavelengths of a  carrier signal of the radio-frequency signal, and wherein
a magnitude of the power of the first amplified signal varies over time, and
wherein a magnitude of the power of the second amplified signal varies over
time with  respect to the magnitude of the power of the first signal. 23.
The apparatus for data transmission according to claim 22, wherein said
transmitter is  further configured and arranged to radiate a signal whose
field intensity varies periodically over  time with respect to angle in a
horizontal plane centered at the antenna array. S6 27 September 2006 24. The
apparatus for data transmission according to claim 23, wherein a period of
the  variation of the field intensity is not less than one-half second and
not greater than four seconds.  25. The apparatus for data transmission
according to claim 22, wherein the radio-frequency  signal is encoded using
a CDMA scheme. 26. The apparatus for data transmission according to claim
22, said apparatus further  comprising a data queue configured and arranged
to store data, wherein the RF unit is further  configured and arranged to
output a paging message directed to a mobile unit when the data  queue
stores data directed to the mobile unit. 27. The apparatus for data
transmission according to claim 22, said apparatus further  



comprising a receiver configured and arranged to receive a channel quality
indication from a  mobile unit, wherein, based on a value of the channel
quality indication, said apparatus is further  configured and arranged to
transmit data directed to the mobile unit. 28. The apparatus for data
transmission according to claim 27, said apparatus further  comprising a
scheduler configured and arranged to normalize (A) a value based on the
channel  quality indication by (B) a value based on a history of data
transmissions to the mobile unit. 29. The apparatus for data transmission
according to claim 14, said apparatus further  comprising a decoder
configured and arranged to remove from the channel quality indication a
predetermined code that is at least nearly orthogonal. 30. A method for data
transmission comprising: applying a first gain factor to a radio-frequency
signal to produce a first output signal;  and applying a second gain factor
to the first output signal to produce a second output signal,  wherein said
applying a first gain factor includes varying a magnitude of the first gain
factor over time, IV 27 September 2006  wherein said applying a second gain
factor includes varying a magnitude of the second gain factor over time with
respect to the magnitude of the first gain factor, wherein at least one
among said applying a first gain factor and said applying a second  gain
factor includes varying at least one of a magnitude and a phase of the
corresponding gain  factor over time according to a periodic function,
wherein a period of the periodic function is not less than one-half second,
and  wherein the period of the periodic function is not more than four
seconds. 31. A method for data transmission comprising: applying a first
gain factor to a radio-frequency signal to produce a first output signal;
applying a second gain factor to the first output signal to produce a second
output signal,  wherein said applying a first gain factor includes varying a
magnitude of the first gain  factor over time, and 



wherein said applying a second gain factor includes varying a magnitude of
the second  gain factor over time with respect to the magnitude of the first
gain factor; radiating a signal based on the first output signal over a
spatial region with a first antenna  of an antenna array; and radiating a
signal based on the second output signal over substantially the spatial
region  with a second antenna of an antenna array. 32. The method for data
transmission according to claim 31, wherein at least one among said
applying a first gain factor and said applying a second gain factor includes
varying a magnitude  of the corresponding gain factor based on a boresite
azimuth angle of the antenna array. 33. A method for data transmission
comprising: applying a first gain factor to a radio-frequency signal to
produce a first output signal;  applying a second gain factor to the first
output signal to produce a second output signal, 27 September 2006  38
wherein said applying a first gain factor includes varying a magnitude of
the first gain  factor over time, and wherein said applying a second gain
factor includes varying a magnitude of the second  gain factor over time
with respect to the magnitude of the first gain factor; receiving a channel
quality indication from a mobile unit; based on a value of the channel
quality indication, transmitting data directed to the  mobile unit; and
normalizing (A) a value based on the channel quality indication by (B) a
value based on a  history of data transmissions to the mobile unit. 34. A
method for data transmission comprising: applying a first gain factor to a
radio-frequency signal to produce a first output signal;  applying a second
gain factor to the first output signal to produce a second output signal,
wherein said applying a first gain factor includes varying a magnitude of
the first gain  factor over time, and wherein said applying a second gain
factor includes varying a magnitude of the second  gain factor over time
with respect to the magnitude of the first gain factor; 



receiving a channel quality indication from a mobile unit; based on a value
of the channel quality indication, transmitting data directed to the  mobile
unit; and removing from the channel quality indication a predetermined code
that is at least nearly  orthogonal. 


