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35 channel fading and provides adjustments that adapt to changing conditions.
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25 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the presently disclosed method and
apparatus will become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters identify

30  correspondingly throughout and wherein:

FIG. 1 illustrates a wireless communication system according to one
embodiment;

FIG. 2 illustrates channel fading at a mobile unit in a wireless communication

system of one embodiment;

35 FIG. 3 illustrates a mobile unit according to one embodiment;
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The delay element 34 provides historical power control signal information for

each current iteration. The current power control signal, PC(i), and the previous power

25 control signal, PC(i-1), which is stored in delay element D 34, are provided to a

comparator 36. Comparator 36 compares the power control signal values PC(i) and

PC(i-1) to identify a change in direction of the power control instructions. The output

of comparator 36 determines the step adjustment made to the transmit power of mobile

unit 22. In an exemplary embodiment, the comparator 36 selects one of four (4)

30  adjustment instructions, illustrated in Table 1 hereinbelow. The step calculation unit 38

calculates the necessary adjustment. If the direction of adjustment is the same, the size

of the step is incrementally adjusted. A maximum value, MAX, provides a ceiling for

the absolute value of the step size, while a minimum value, A, provides a floor. In the

exemplary embodiment, adjustments that successively increase the transmit power level
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i nclude nobjle units 2&1 i.nplenenting a variety 20 of power cont
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respect to PCEAN@REecision 52. A difference indicates a direction change, such as occurs at time
25 tl of FIG. 5. The process then determines if the current instruction is to increase or
decrease the transmit power in decision 54. According to the scheme of the exemplary

embodiment, a "0" is an increase, or "UP" command, and a "1" is a decrease, or "DN"
command. For an UP adjustment, the step size, indicated as "Stepy(i)," is set to the
minimum value, A in step 56. For a DN adjusfment, the step size, indicated as
30  "Stepq(i)," is set to the negated minimum value (-A)in step 58. The variable

STEP_DN is then adjusted to the maximum value, ((MAX) in step 59. This assures that
for a power control direction change, the first step down is , (-A) and the second step

down is (-MAX). The DN power control adjustments reduce the power starting at a



spectrum system and a CDVA system specifically, various enbodi nents of the
present enbodi nent are applicable to any wireless systemin which power
control iwoYspshek© control the transmit power of nobile usgrisHAbRHO 2
network. Noté that a mobile unit 25 may provi de feedback information to a
base station, allow ng the base station to adjust the period T or in sone
ot her way assist the nobile in effectively tracking the fading experienced
inthe field. Such a base station may use this type of information from
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*control indicator
For a DN adjustment, processing from decision 62 continues to step 70, wherein

the process sets Stepq(i) equal to the variable STEP_DN, and then increments

30 STEP_DN by the increment value, 8. Alternate embodiments may use different

increment values for UP and DN adjustments. The calculated step size is then
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As illustrated, the resultant power level pattern is different from that illustrated

in FIG. 2. The increment value is listed to the right of the step. A change of direction

from DN to UP occurs at time t1, where the initial UP step size is given as A. The next

step UP occurs at time t2 and has a step size of A+8, incremented from the previous

step. The next step UP occurs at time t3 and has a step size of A+28, incremented again.

As illustrated, for successive UP steps the step size increases. A change of direction

20

from UP to DN is illustrated at time t4, where the first DN step has a step size given as

(-A). The next DN step is at time t5 having a step size (-MAX). This DN step is

followed by another DN step, wherein successive steps would have sizes, MAX-9, and

MAX-23, respectively, such as occurs at times t6. Although not illustrated, from time

t6, successive DN steps would result in decreasing step sizes. At time t7 there is a
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experienced in the field. Such a base station may use this type of information from
multiple mobile units within a system.

Thus, a novel and improved method and apparatus for transmit power control in

30 a wireless communication system has been described. Those of skill in the art would

understand that the data, instructions, commands, information, signals, bits, symbols,

and chips that may be referenced throughout the above description are advantageously

represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.
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depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans recognize the interchangeability of hardware and software
under these circumstances, and how best to implement the described functionality for
10  each particular application. _

As examples, the various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodiments disclosed herein may be
implemented or performed with a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other

15  programmable logic device, discrete gate or transistor logic, discrete hardware
components such as, e.g., registers and FIFO, a processor executing a set of firmware
instructions, any conventional programmable software module and a processor, or any
combination thereof designed to perform the functions described herein. The processor
may advantageously be a microprocessor, but in the alternative, the processor may be

20  any conventional processor, controller, microcontroller, or state machine. The software
modules could reside in RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium known in the art. The processor may reside in an ASIC
(not shown). The ASIC may reside in a telephone (not shown). In the alternative, the

25  processor may reside in a telephone. The processor may be implemented as a
combination of a DSP and a microprocessor, or as two microprocessors in conjunction
with a DSP core, etc.

The previous description of the preferred embodiments is provided to enable any
person skilled in the art to make or use the present invention. The various modifications

30 to these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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2. The apparatus of claim 1, further comprising:
2 an amplifier coupled to the step adjustment unit operative to adjust transmit

power in response to the first and second power control indicators.

3. The apparatus of claim 1, wherein the step adjustment unit is operative to
2 calculate the second step size by setting the second step size to a predetermined value

when the first and second power control indicators are different.

4. The apparatus of claim 3, wherein the predetermined increment value is a
2 positive value for increasing transmit power and a negative value for decreasing

transmit power.

5. The apparatus of claim 3, wherein the predetermined increment value is a same

2 absolute value for increasing transmit power and decreasing transmit power.

6. The apparatus of claim 1, wherein the memory storage device comprises:
2 a flip-flop device.
7. The apparatus of claim 1, wherein:
2 if the first and second power control indicators correspond to an increase in

transmit power, the predetermined increment value is a first value; and



L 10% & ()-@B . 10% & ()-@ . 10% & ()-@8 . 10% & ()-@ .10% & ()-@B -
.10%&'8-%LLtLWM\ﬁ()Ea7'8 . 10% +#10% & ()-Y ' 10%8& ()- " $s!10% & ()-
"#10% & (WOI®/2796094 & () - @ M NOOOPPPPP| 0bU4 "~ 10% &' () - 010N pa-piisiNLORG6N&

| 7#1098N N& ()-:' 0' 10%#& ()-' 0' 10%{#a& ()- |
+H109D D& () - YPPQ QQVRR| [: bU4 , S#10% & ()-  p, SH10% & ()- & s110% & () -
s!110% & ()-' F'"10% & ()-) le%&'()-RSUf%GTT}UH bus | 110% & ()-
10% & ()-& FI0% & ()-' "110% & ()-' ys! %&'()

S 10068 ()1 181000 R bR bpep R B et O
ZL 10% (2& Y § ) 1 o1 ?,\ % 0(.;:. ggnsml%)&wa) the pr&i#lﬁ%?f(g%};mglgnt( \)/alue g fos;gd(\galuq
Ser0% B! %) " s100 gff{‘*ﬁt)f‘%’%%ﬂo %‘% “Faazccede| [: VU4 0$1004° \ & ()-m

10$10% & ()-m 0$10% f& ()-m' #$109%< X& ()-' #$10% '\ & ()- |
f#glofﬁ; & 8 e"f#%ﬁs 0§ 1f Cf I(:) vU4 F1098+3& ()- 91098+3& ()- F'L10%8+3& ()-
L1098+3& () 810’ 1604 gpparatys phoglainy 1. wherelg fapdtipatatus is opargtixy) within)a Code

' & #1098+38& ()-) u& #10%
ﬁ-l ?;@ﬁﬁhﬁ(? p})'l'vlﬁlﬁﬂ?/@ljlzﬁﬂ e@ccessmr@é By ét}’% #10%& ()- S M 1098+3& ()-

-#10%& () -  u-#109N& () - ) #10%3+3&' ( )- "kk!'1Al1111]|[NA4103+3103+3103+3
99109%8+3& (9.’ < '![‘I?@z.{ﬂpgcl)/ﬁf;% &) cl4im 1, wherein the first and second power control indicators
2 comprise at Jeast one bit indicating a polarity for adjusting transmit power of the

apparatus.

10.  The apparatus of claim 9, wherein the memory storage device is operative to

2 store the second power control indicator.

11.  In a wireless communication system, a method comprising:
2 receiving a first power control indicator;
storing the first power control indicator;
4 determining a first power adjustment step size;
receiving a second power control indicator;
6 comparing the first and second power control indicators; and
if the first and second power control indicators are a same value, adding an
8 increment value to the first power adjustment step size to produce a

second power adjustment step size.

12. The method of claim 11, further comprising:
2 if the first and second power control indicators are different values, setting the

second power adjustment step size to a predetermined value.

13. The method of claim 12, wherein the setting further comprises:
2 if the first power control indicator corresponds to an instruction to increase
transmit power, the predetermined value is a maximum step size; and
4 if the first power control indicator corresponds to an instruction to decrease

transmit power, the predetermined value is a minimum step size.
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16. A wireless transceiver, comprising:
2 a memory storage device operative to store a first power control indicator, the
first power control indicator having an associated first step size; and
4 a step adjustment unit operative to calculate a second step size greater than the
first step size for increasing transmit power and less than the first step

6 size for decreasing transmit power.

17.  The transceiver of claim 16, wherein the step adjustment unit is operative to set
2 the second step size to a first predetermined value for a change from increasing to
decreasing transmit power and to a second predetermined value for a change from

4  decreasing to increasing transmit power.

18.  The transceiver of claim 17, wherein the first predetermined value is a minimum

2 step size.

19.  The transceiver of claim 18, wherein after a change from increasing to
2  decreasing transmit power, the step adjustment is operative to set a third predetermined

value corresponding to a maximum step size.

20.  The transceiver of claim 19, wherein in response to successive instructions to

[\

decrease transmit power, the step adjustment is operative to decrement the third

predetermined value down to a minimum step size.

21.  The transceiver of claim 16, further comprising:
2 an amplifier coupled to the step adjustment unit and responsive to the first and

second step sizes.



