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(57) Abstract: A remote station configuration and method of determining operational settings that provide a minimal interference
when not transmitting is disclosed. The remote station configuration includes and ODU that upconverts an intermediate signal pro-
vided by an IDU and conditions the upconverted signal to achieve transmission output level that substantially produces a desired
signal level at a base station. The upconverted signal is conditioned by a cascade of amplifiers and attenuators that are set dependent
upon the distance between the remote station and the base station. In one aspect, a last attenuator controls the attenuation settings. In
another aspect, a first attenuator controls the attenuation setting. Accordingly, in wireless communication systems, remote stations
closest to a base station have a lower noise density than remote stations further from the base station.
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Method and System for Determining Nominal Remote Station

Operational Setting for Minimal Base Station Noise Interference

Claim of Priority

[0001] This application claims the benefit pursuant to 35 USC 119, of the earlier
filing date of U.S. Provisional Application Serial Number 60/298,886, entitled “Dynamic
Power Control of Remote Transmitter by Base Station,” having a filing date of June 19,

2001.

Background Of The Invention

[0002 it invention is directed to point-to-multipoint wireless
communication systems in general, and to Time Division Multiple Access (TDMA)
Broadband Wireless Access (BWA) in particular.

[0003] Figure 1 illustrates a block diagram of a BWA system 100 using
conventional a TDMA system employing a Frequency Division Duplex (FDD) duplexing
scheme. The system consists of a plurality of Base Stations (BS) 110 in communication
over network 115 and each BS 110 controlling, and receiving information items from, a
plqrality of associated Remote Station (RS) 120. Base Station 110 continuously
transmits signals, referred to as downstream transmission, to each associated RS 120
through an omni-directional antenna, or at least one sectorized, or directional antenna
assigned to a frequency carrier in Time Division Multiplex (TDM) mode. The associated
remote stations 120 are typically scattered around the coverage area of the corresponding

BS 110. Hence, some RSs 120 may be located in significantly close proximity to the BS
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110 while others may be located at considerable distance from BS 110. As would be
appreciated, some remote stations 120 may be located at the edge of the coverage area.
[0004] Under the direction of downstream command or instructions, each remote
station 120 responds to the associated base station 110. A transmission from remote
station 120 to base station, referred to as an upstream transmission, is typically as a burst
using frequency carrier different than the downstream frequency. Each RS 120 in Time
Division Multiple Access (TDMA) mode shares the upstream carrier frequency.

[0005] In the upstream direction, it is desirable that the base station 110 receives
substantially the same signal level from each associated RS 120. The nominal receive
signal level (RSL) at BS 110 is typically chosen so that it is low enough to minimize
inter-cell interference but high enough to have a good Carrier-to-Noise,ratio (C/N) in
order to provide a good received signal quality. In a conventional system configuration,
the nominal receive signal level is 10 dB above the receiver signal threshold level, which
will result in Bit Error Rate (BER) of 10-6. Hence, those RSs 120 closest to BS 110 are
instructed to transmit Jower signal levels than those RSs 120 positioned further from BS
110. As is known, the level of transmission of each RS 120 can be increased through
downstream Medium Access Control (MAC) messages to compensate for any level
change at the BS 110 that may be caused by transmission path perturbations, such as
fading.

[0006] In order to maximize the number of RS120 per sector sharing the same RF
carrier frequency, the noise level at each RS 120 antenna port must be kept as low as
possible when a remote station is not actively transmitting. Otherwise, higher noise

levels at each not actively transmitting RS 120 antenna port increases the interference
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level to the desired received signal at the base station 110. Hence, one criterion for
determining the number of RSs 120 that may be placed in a sector is the total interference
contributed by the remote stations 120 in the sector.

[0007] Thus, to maximize the number of remote stations that may be placed in a
base station sector, the nominal gain value of each RS 120 to a level that has a minimal
contribution to the noise generated interference when a remote site is not transmitting.
Hence, a method is needed that sets the operational conditions of those remote sites close
to the BS to a minimal noise power density such that thie contribution of all RSs 120

within a sector is beneath an acceptable level at the base station.

Brief Description of the Drawings

[0008] Figure 1 illustrates a conventional TDMA point-to-multipoint wireless

communication system;

[0009] Figure 2 illustrates a block diagram of a conventional remote station;
[0010] Figure 3 illustrates a conventional remote station amplifier configuration;
[0011] Figure 4 illustrates a flow chart of an exemplary process for determining

remote station gain in accordance with the principles of the invention;

[0012] Figure 5 illustrates a flow chart of an exemplary process for determining
remote station transmit output power;

[0013] Figure 6a-6e illustrate exemplary remote station operational settings as a

function of distance; and
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[0014] Figure 7 illustrates a flow chart of an exemplary process for determining
nominal operational settings in accordance with the principles of the invention.

[0015] Figures 1 through 7 and the accompanying detailed description contained
herein are to be used as an illustrative embodiment of the present invention and should
not be construed as the only manner of practicing the invention. It is to be understood that
these drawings are for purposes of illustrating the concepts of the invention and are not to
scale. It will be appreciated that the same reference numerals, possibly supplemented

with reference characters where appropriate, have been used throughout to identify

corresponding parts.
Detailed Description of the Invention
[0016] Figure 2 shows a typical BS 110 and RS 120 each consisting of an

Outdoor Unit (ODU) 210 and Indoor Unit (IDU) 220. ODU 210 contains all RF circuits
215 such as up-converter, down-converter, power amplifier, RF receivers, etc. IDU 220
contains modulator 225, demodulator 230, data processing circuits (MAC) 235 and user
interfaces (not shown). The interconnection between the ODU 210 and IDU 220 is
through a single IDU to ODU interconnection coaxial cable 270, shown as a first
continuous received signal applied to demodulator 230 and a second burst transmit signal
emanating from modulator 225. Conventionally, these signals are referred to as "receive
(Rx) cont." and "transmit (Tx) burst". The IDU to ODU interconnection cable 270 is
determined by the separation distance between the IDU and ODU.

[0017] Conventional RS 120 in TDMA system using the FDD duplex method

typically employ a fixed gain transmitter in ODU 210. The actual transmit output level at
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the output of the ODU 210 is thus set at the output of the modulator 225. The level at the
modulator output 225 further must compensate for the loss in the IDU to ODU
interconnection cable 270. In operation, the output of modem 225 is keyed, or turned, on
when directed to transmit and keyed, or turned, off when directed not to transmit.
However, RS 120 when is not actively transmitting it is an interference source to a
desired signal coming from a transmitting RS 120 as the noise level of the non-
transmitting RS 120 contributes to, and increases, the overall noise level at the BS 110
receiver. Hence, the greater the number of the non-transmitting RSs 120 the greater the
degradatioh of the received signal carrier-to-noise ration (C/N) at the base station 110
receiver.

[0018] In a conventional system, an overall interference level at BS 110 receiver
is at least 6dB lower than the BS receiver noise level that creates a Bit-Error-Rate (BER)
of 10, This is a commonly accepted interference level.

[0019] Figure 3 illustrates one exemplary embodiment 300 of RS 120 ODU 210
RF transmitting section in accordance with the principles of the present invention. In this
exemplary embodiment, amplifiers and attenuators are incorporated into ODU 210, rather
than in IDU 220, to condition the output signal in a desired manner. In this case, an
Intermediate Frequency (IF) is generated in IDU 220 and applied to ODU 210, rather
than a higher Radio Frequency (RF) signal. Within ODU 210, IF signal 310 is applied to
mixer 320, which up-converts IF 310 using a local oscillator 330 to a known transmission
Radio Frequency (RF) value 325. RF value 325 is next applied to at least one
amplifier/attenuator combination to condition RF signal 325 to a known signal level that

is then applied to power amplifier 360. Applying IF 310 rather than an RF signal to ODU
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210 is advantageous as less loss is experienced in the cable 270 due to the lower
frequency range of the modulated IF signal. Hence, better control of the amplified noise
component is achieved.

[0020] In the illustrated embodiment, RF signal 325 is first applied to amplifier 1,
335, which amplifies RF signal 325 and any associated noise level to a first level of
amplification. Amplified RF signal 325 and associated noise level are next applied to
attenuator 1, 340 to condition, typically reduce, the amplified signal 325 and noise level
to a first known level. Attenuators, as is known in the art, are operable to reduce the level
of the applied signal. However, the reduction in signal level and noise level is
disproportionate as the signal level and noise level are not reduced by the same amounts
for the same attenuator setting.

[0021] In this exemplary embodiment, the conditioned signal and noise are next
applied to second amplifier 345 and attenuator 350 for further amplification and
conditioning (i.e., attenuation). The resultant conditioned signal is next applied to power
amplifier 360 for transmission over an antenna (not shown).

[0022] Although, two amplifiers and two attenuators are shown in Figure 3, it
would be appreciated that the present invention may include more or less amplifiers and
attenuators dependent upon on the required transmission and non-transmission signal
levels. Furthermore, the number of amplifiers and attenuators need not be comparable, as
is éhown, as a plurality of amplifiers may be cascaded or placed in series to achieve a
desired signal level before the signal is applied to an associated attenuator. Similarly,
multiple attenuators may also be placed in cascade or in series to increase a total

attenuation and achieve desired level of signal conditioning. The attenuators accordingly
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are distributed between amplifier gain stages in a manner to preferable not degrade the
C/N at any point along the path, while maintaining the required linearity. In a preferred
embodiment, the distribution of components in the illustrated RF path is such that the last
attenuator is located immediately before the power amplifier.

[0023] In accordance with the configuration shown in Figure 3, RS 120
transmitter output signal level achieves a desired carrier value with a minimum noise
value (desired C/N ratio) at the transmission antenna port. Hence, RS 120 is
representative of a minimal source of interference to the desired received signal at BS
110 when are not actively transmitting.

[0024] In accordance with one aspect of the invention, the RS 120 transmit level
may be determined to achieve a minimal noise level interference at BS 110 by first

determining a BS desired nominal received signal level.

[0025] For exémple, a desired target nominal value received signal level (RSL) at
a BS 110 receiver may be determined as a known signal level above the receiver

threshold level, where the signal to noise ratio results in BER of 10-6 as:

RSLrarcer = A + RSL1o6 [1]

where

A is the targeted level in dB above RSIL.0.6, which is set between 5
and 15 dB. In a preferred embodiment this value is 10¢B; and

RSL¢.61s a configuration point of a BER of 10 for different data
capacity and modulation level used.
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[0026] The value of RSL¢.¢ for each individuai TDMA type system, i.e. (QPSK,
16 QAM), capacity, channel spacing, and modulation level may be stored in the non-
volatile memory in the BS 110.
[0027] The RS 120 transmitter gain Grst may next be determined as:
Grst = (Prst + LrspupLEXER - PrsiFv) dB [2]
where
Prst: RS transmit output power in dBm at its antenna port;

LrspupLexer: RS duplexer and branching insertion loss in dB.
Prsipnv: ODU IF input signal level in dBm

[0028] The targeted receive signal level (RSL) at BS 110 antenna port may then

be determined as.

RSLrarceT = PrsT + Grsa + Gpsa — Lp [3]

where
Grsa: RS antenna gain in dBi;
Ggsa: BS antenna gain in dBi;
Lp: Free space path loss between BS and RS in dB and is may be
determined as:

Lp=924+201logD +201logF [4]
where

D: Distance between RS and BS in Km; and

F: RF Frequency in GHz.

[0029] Now applying equation 1 to equation 3, the transmit output power may be

determined as:

Prst= A + RSL10.6—Grsa —Ggsa + Lp [5]
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[0030]

PCT/US02/19332

And applying equation 5 into equation 2, the transmitter gain may be

determined as:

[0031]

Grst = A + RSLjo.6 - Grsa - Gesa + Lp - Prsiriv + LrspupLEXER

(6]

Although, it would be understood that atmospheric absorption further

contributes to the free path space loss, this loss is considered negligible for the selected

frequency ranges of 2.5, 3.5 and 10 Ghz. However, one skilled in the art would be well

aware of how free-path space loss may be adjusted by the atmospheric absorption loss at

other frequencies.

[0032]

An example of the determination of RS transmitter output levels and

associated nominal operational (gain/attenuation) settings for an ODU configuration

shown in Figure 3, operating at a nominal transmission frequency of 3.450 MHz may be

tabulated as:

Distance RS RS Transmit IF | RS Transmitter | Transmitter | Resulting

from BS Transmit Signal Level at | Transmitter | first second Transmit

(Km) Output ODU Input Gain Attenuator Attenuator | Noise Power
Power (dBm) (dB) Attenuation | attenuation | Density
(dBm) Al (dB) A2 (dB) (dBm/Hz)

0.25 -20.6 -14.6 -6 24 32 -136

0.50 -14.5 -16.5 2 23 25 -136

1.0 -8.5 -18.5 10 23 17 -134.8

2.0 -2.5 -19.5 17 23 10 -131

5 5.5 -19.5 25 23 2 -124.1
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10 11.5 -19.5 31 19 0 -118.6
15 15 -20 35 15 0 -114.8
Where: RF Frequency: 3450 MHz

Transmit bursting capacity rate: 5 Mb/s

Modulation: QPSK

Channel bandwidth: 3.5 MHz

Maximum RS to BS distance is 15 Km

Minimum RS to BS distance is 0.25 Km

IDU to ODU interconnection cable compensation capability: 10 dB

ODU temperature compensation capability: 5 dB

Dynamic modulator output level range to compensate for fading: 10 dB
Maximum IMD (intermodulation distortion) products: 30 dB (when its
output level is increased by 10 dB to compensate for fading.

[0033] Accordingly, the noise power density for remote stations 120 closer to
base station 110 have nominally significantly lower noise density than the remote stations
120 further from base station 110. Hence, those remote stations 120 closest to base
station 110 when not transmitting contributes less to the noise level at base station 110.
[0034] Furthermore, to achieve the required nominal transmitter level at the
antenna port for RS 120 that is closer to BS 110 the gain in the RS 120 RF transmitter is
set lower, while the IDU modulated signal is set higher. However, to set the nominal
transmitter level for RS 120 that is further away from BS 110, the gain in the RS RF
transmitter is set higher, while the IDU modulated signal level is set lower.

[0035] Figure 4 illustrates a flow chart 400 of an exemplary process for
determining nominal operations (amplifier/attenuator) settings in accordance with the

principles of the invention. At block 410, an acceptable receiver signal quality level is

10
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determined for BS 110. At block 420, a nominal receiver signal level at BS 110 is
determined. In a preferred embodiment a nominal receiver signal level is at least 10dB
above the level necessary to achieve a 10°® Bit Error Rate.

[0036] At bl;)ck 430, a remote station transmission level is determined which
produces the desired nominal receiver signal level at BS 110. At block 430 a
determination is made with regard to the distance of the remote station from the base
station. If the remote station is considered close, then the remote station modulator
output level is set high at block 440. Otherwise the modulator output level is set lower at
block 450. Although only two levels are illustrated, it will be understood, that remote
station modulator level may be determined as a function of the distance between the base
station and the remote station. For example, a look-up table may contain pre-determined
nominal values of remote station output level based on distance and transmission
frequency, which may be accessed and used to determine output level.

[0037] At block 460, the remote station amplifiers and/or attenuators are set to
achieve the determined remote station transmission signal level with minimum noise
level contribution to the base station when not actively transmitting.

[0038] Figure 5 illustrates a flow chart of an exemplary process 500 performed at
base station 110 to dynamically control the transmit output power of each RS 120
through downstream MAC messages to maintain an acceptable received signal level at
base station 110 considering nominal operational settings at RS 120 in accordance with
another aspect of the invention. In this exemplary process, a base station monitors the
signal strength received from each associated or "connected" remote station 120 at block

510. Atblock 520, a determination is made whether the received signal strength is within

11
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a known tolerance of a targeted received signal strength level. If the answer is in the
affirmative, then processing exits at block 570. In a preferred embodiment, the tolerance
is 2dB.

{0039] However, if the answer is negative, then a determination is made at block
530 whether the received level is too low. If the answer is in the affirmative, then a
determination is made at block 540 whether the remote station modulator is at a
maximum output. If the answer is in the affirmative, then process exits at block 570.
[0040] However, if the answer is negative, then the remote station modulator
output level is increased through a downstream MAC message. In one aspect, the remote
station modulator output level is increased by the difference between the desired received
signal level and the actual signal level. In another aspect, the modulator output level may
be incrementally increased in 1 or 2 dB steps until the desired received signal level is
achieved.

[0041] Returning to the determination at block 530, if the answer is negative, then
the remote station modulator output level is decreased through a downstream MAC
message. In one aspect, the remote station modulator output level is decreased by the
difference between the desired received signal level and the actual signal level.

[0042] Figures 6a-6g illustrate exemplary nominal operational
amplifier/attenuation settings for a remote station having an amplifier/attenuator
configuration illustrated in Figure 3 positioned at distances of 15km, 10km, 5km, 2km,
1km, 0.5km and 0.25km, respectively. In each of these configurations, the ODU
amplifier/attenuator configuration provides a signal out value that produces a desired

received signal level at the receiving base station. In this case, the nominal operational

12
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amplifier/attenuator values are shown as the Clearsky values, denoted as (XX) and the
faded values, i.e., dynamically adjusted output values to compensate for fading, are
depicted as XX. Hence, at 15km, 1.e., figure 6a, a nominal signal output level of 15.0
dBm, with a noise density level of -114.8 dBm/Hz is achieved with each amplifier set to
produce a 10dB gain, a first attenuator set at -15 dB and a second attenuator set at O dB.
Similarly, at 1km, i.e., figure 6e, a nominal signal output level of -8.5 dBm with a noise
density level of -134.8 dBm/Hz is achieved with each amplifier set to produce a 10dB
gain, a first attenuator set at -23 dB and a second attenuator at -17 dB. In each case, the
associated amplifiers are nominally set to produce 10 dB of gain. However, it will be
appreciated that the amplifier setting may be similarly adjusted to produce different levels;
of amplifications and attenuator settings may be adjusted accordingly.

[0043] Figure 7 illustrates a flow chart of an exemplary process 700 for
determining nominal operational (amplifier and/or attenuator) settings for the RS 120
configuration shown in Figure 3. In this exemplary process, the distance between BS 110
and RS 120 is entered at block 710. At block 720, the desired RS 120 output power is
determined in accordance with equations 1-6 above. At block 730, the net attenuation is
determined in accordance with known methods. In this exemplary process the amplifier
settings are predetermined values. Although net attenuation is determined in this
exemplary process it will be understood by those skilled in the art that net amplification
may similarly be determined using preset attenuator settings.

[0044] At block 740, a determination is made whether the entered distance is less
than a known value. In a preferred embodiment, the known value is one kilometer. If the

answer is in the affirmative, then at block 750, a second attenuator is set to a maximum

13
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value and a first attenuator is set to the difference between the net attenuation and the
second attenuator value.

[0045] However, if the answer is negative, then a first attenuator is set to a
maximum value and a second attenuator is set to the difference between the net
attenuation and a first attenuator value, at block 770. At block 780, a determination is
made whether, the noise level is at a minimum value and the intermodulation distortion
(IMD) is acceptable. If the answer is affirmative, then processing is ended.

[0046] However, if the answer is negative, then, at block 790, the first attenuator
is decreased and the second attenuator is increased such that the net attenuation remains
constant. Processing returns to the determination at block 780 to determine whether these
new attenuator settings provide a minimum noise level and acceptable IMD.

[0047] Although a cascaded two stage amplifier/attenuator configuration is
shown, it will be understood that any number of amplifier/attenuator configurations may
be utilized. In such cases, in one aspect, when the second attenuator is set first, the
second attenuator referred to in Figure 7 is representative of the last attenuator in the
cascaded chain, i.e., closest to the power amplifier and the first attenuator is
representative of the remaining attenuators. Similarly, when the firét attenuator is set
first, the first attenuator referred to in Figure 7 is representative of the first attenuator in
the cascaded chain, i.e., closest to the first amplifier and the second attenuator is
representative of the remaining attenuator. It would be understood that the processing of
Figure 7 may then be applied to subsequent pair of attenuators.

[0048] While there has been shown, described, and pointed out, fundamental

novel features of the present invention, it will be understood that various omissions and

14



WO 02/104043 PCT/US02/19332

substitutions and changes in the apparatus described, in the form and details of the
devices disclosed, and in their operation, may be made by those skilled in the art without
departing from the spirit of the present invention to operate on other types of wireless
communication protocols. It is expressly intended that all combinations of those
elements which perform substantially the same function in substantially the same way to
achieve the same results are within the scope of the invention. Substitutions of elements

from one described embodiment to another are also fully intended and contemplated.

15
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Claims

What is claimed is:
1. A method for setting nominal operational amplifier/attenuator configuration
values for a remote station in communication with a base station over a wireless
communication system, to achieve a minimal interference level when not transmitting,
said method comprising the steps of:

determining a received signal level at said base station, wherein said received
signal level producing an acceptable signal quality;

determining an output transmission signal level for said remote station to achieve
said received signal level; and

setting said nominal operational configuration to achieve an output level
substantially comparable to said determined transmission signal level dependent upon a

distance for a desired input signal level.

2. The method as recited in claim 1, wherein the step of determining said received
signal level comprises the steps of:
determining a signal level to achieve an acceptable error rate; and

adjusting said acceptable error rate signal level higher by a known value.

3. The method as recited in claim 2, wherein said known value is in the range of 3 to

15dB.

16
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4, The method as recited in claim 1, wherein the step of setting said operational
values comprises the steps of:

determining an amplification level for each of at least one amplifiers in said
remote station;

determining an attenuation value for each attenuator associated with said at least
one amplifier, wherein said attenuation values depends on a distance between said remote

station and said base station.

5. The method as recited in claim 4, wherein the step of determining attenuation
values for each of said associated attenuators comprises the steps of:

determining a total attenuation level to achieve said output level;

setting a second attenuator to a second attenuator value when said distance is less
than a known distance;

setting at least one first attenuator to the balance between said total attenuation

level and said second attenuator level.

6. The method as recited in claim 5, wherein said second attenuator value is a

maximum value.
7. The method as recited in claim 4, wherein the step of determining attenuation

values for each of said associated attenuators comprises the steps of:

determining a total attenuation level to achieve said output level;

17
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setting a first attenuator to a first attenuator value when said distance is greater
than a known distance; and
setting at least one second attenuator to the balance between said total attenuation

level and said first attenuator level.

8. The method as recited in claim 7, wherein said first attenuator value is a

maximum value.

9. The method as recited in claim 8 further comprising the steps of:
iteratively adjusting said first attenuator value and associated at least one second
attenuator values until a measured noise density and Intermodulation distortion are within

acceptable tolerances.

10. In a wireless communication system having a plurality of associated remote
stations in communication with a base station, a method for achieving minimal
interference from each of said remote stations to increase the number of remote stations
in a sector comprising the steps of;

determining a base station received signal level;

determining for each of said remote stations a nominal transmitter power output
level to substantially achieve said determined base station received signal level
transmitter power output has a noise density dependent upon a distance between said

remote station and said base station.

18
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11.  The method as recited in claim 10, wherein the step of determining said
operational configuration comprises the steps of:

determining an amplification level for each of at least one amplifiers in said
remote station;

determining an attenuation value for each attenuator associated with said at least
one amplifier, wherein said attenuation values depends on a distance between said remote

station and said base station.

12. The method as recited in claim 11, wherein the step of determining attenuation
values for each of said associated attenuators comprises the steps of:

determining a total attenuation level to achieve said output level;

setting a second attenuator to a second attenuator value when said distance is less
than a known distance;

setting at least one first attenuator to the balance between said total attenuation

level and said second attenuator level.

13. The method as recited in claim 12, wherein said second attenuator value is a

maximum value.
14.  The method as recited in claim 12, wherein the step of determining attenuation

values for each of said associated attenuator comprises the steps of:

determining a total attenuation level to achieve said output level;

19
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setting a first attenuator to a first attenuator value when said distance is greater
than a known distance; and
setting at least one second attenuator to the balance between said total attenuation

level and said first attenuator level.

15. The method as recited in claim 14, wherein said first attenuator value is a

maximum value.

16.  The method as recited in claim 15 further comprising the steps of:
iteratively adjusting said first attenuator value and associated at least one second
attenuator values until a measured noise density and intermodulation distortion are within

acceptable tolerances.

17. A remote station in a wireless communication system in communication with a
base station having a nominal configuration setting providing a minimal noise density
when not transmitting, said remote station comprises:

an indoor unit; and

an outdoor unit operable to receive a intermediate frequency from said indoor
unit, comprising:

a mixer to upconvert said intermediate frequency to a radio frequency;

a signal conditioner in communication with said mixer including at least one
amplifier and at least one associated attenuator; and

a power amplifier to generate an output signal.
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18. The remote station as recited in claim 17, wherein said signal conditioner nominal
configuration is dependent upon a distance between said remote station and said base

station.

19.  The remote station as recited in claim 18, wherein said nominal configuration
includes:
an amplification level for each of said at least one amplifiers is known;
an attenuation value for each attenuator associated with said at least one amplifier
is determined by:
determining a remote station attenuation level to achieve said output level
setting a second attenuator to a second attenuator value when said
distance is less than a known distance;
setting at least one first attenuator to the balance between said total
attenuation level and said second attenuator level, wherein said second
attenuator is closest to said power amplifier;
setting a first attenuator to a first attenuator value when said
distance is greater than a known distance; and
setting at least one second attenuator to the balance between said
total attenuation level and said first attenuator level, wherein said first

attenuator is closest to said mixer.
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20. The remote station as recited in claim 19, wherein said second attenuator value is

a maximum value.

21. The remote station as recited in claim 20, wherein said first attenuator value is a

maximum value.

22. The remote station as recited in claim 20, wherein said first attenuator value and

associated at least one second attenuator values are iteratively adjusted until a measured

noise density and intermodulation distortion are within acceptable tolerances.

22



PCT/US02/19332

WO 02/104043

1/13

uonBs
QoW
uonelsg
SJOUWIY 0zl
aoneis
SJOWY 0Z1
uonels
0zl QO

uonels
Qjomay]

uonels
QOWY | (g1

0ct

LT

011

\\

uonels
aseq

-/

uone;s
oseq
uonels
\\ aseq
OL1 /J
01T

ST1

T JHODId

uonels§

\4 Jomy

0c1

uonels
oWy

911

0c1

SUBSTITUTE SHEET (RULE 26)



WO 02/104043 PCT/US02/19332

2/13
v
s )
N
1 T N ——— [ —
: :§<CU v
) 4 Wy
. -
- N
8 |1|ud s L]
f;QE =
PR R - - -
o ] s
g O S Yy \\g
o f :
S e RN
___________________________ o~
(q|
=
" =
& &)
—
= =
M
DU U '
/-Q a
o \ .
— 10 Q
= e aps
S <O [«

SUBSTITUTE SHEET (RULE 26)



WO 02/104043 PCT/US02/19332
3/13

Power Amp.

4{\4360

350

FIGURE 3

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

4/13

¥ THODIA

G
ﬁ

09y —_| S9°p 03 UORNGLTUOD [9AS] SSIOU WINUUTUIL YIA [SA'] reusis

0} NAO Y} uI siojenuoye;/siogrdure () UONeIS 90wy 19S

Summusuen AToAIOR 10U USYM [RUSIS JOATSIT

UOISSTUISURI], POUIULIS)OpP Sl SASOR

A

A

0S¥ "\ 1oMO[ [249] Indino 077 ~_| 10481y [eAd] Indino
Joe[pow Y 10§ Jore[npow S 19§
A A
¢SH =Yl 03 3S0[2 S =43 ST

ON | ‘Sd 9 Wo1J SoueIsIp Sy S SUNUINR(| sox

0157 -

A

soptaoxd Jeus ‘(poyseryy o 0] JO el J0II
11q JOJ TOAS] JOATIOQI QA0QE gP ()] IS69] 18)
[PAS] TRUSIS JOAIS0RI RUIIOU S QUL

*Arenb TeuSts XoAre0aI poIIsep

A

10J A31renb TeuSis J0A100a1 o[qeidedoe SuTuLISle(]

(S9) uoneg oseq

(Ao )

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

5/13

0L~ g HHNDIA
SoFessoul HVIN Weansumop *
ySnoxy [ead] mndno Joyenpour
A SY¥ remoned oy ssearoug
0sS . 3
soSessomr HYA Wearsumop
payoeal ySnoiy) [oA9] romod
S| 1oAs] Indyno wmurxeus mdyno Ioyernpour
N J03RIOPOW S A ST SOA - Y oy 9seardR
\ A 09¢ Y
Oovs
(M0f
SOX \ 00] ToA9] I3 ST ON
0eS 1
{TPA9] PRIRGIE) o1 JO 90URIO[O0) A UMPIM Sy
ON| remonred ot WO [9A9] [RUSIS PIAISII A ST |[so X

0cs——

A
<

!

0TS~

TONe)S QJOlal
PIJOUTOD YO WOIJ [OAI] [BUSTS POAISIAT
S) safrIeA Aqreorpouiad uonels aseq

A

Anug

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

6/13

009)| 819 | 819 679 | (0€9) | (I'89) | (00L)
sonporg spar| 00| 8T | 8T¥| 6Ty | Oy | T8y 0'0S :s1onpoId SANT
gp) | Q00| 6D | (6sD| €9 | (cT0) | ©O¥D | O 0001 @mme
. : : : . : . : P

cqrmdmg| 00P| 6SI| 6SIf SO | SIT | OV 0'ST | 0001 ¢dI mdinQ

(zH/wgp)

(zpyugp) |8 ¥IT-| 8V¥I- | 8¥¥I-| 6¥%ST-| 6'6E1-| 0°0SI-| 001~ 0°0ST-| IO ISION PAIA

Q) SSTON] PAINJAL

(wgp) (©OSD| ©SD-| OSD; ©Soq ©omq 02+ (©01) 000 (wrgp)

MO [eUSIS| 0S| 0S| 0S{ 0S4 00 [ 00I-| 00 [00I nQ [eusIg

(xx) :sonfe A ASaeap)

XX S9N ope

apr  0's€ iurey) papedse) TeA Poped

oxordip | 1V *(EP) €dl) ¥ (®dP) £dl| |67 :(Wep) €dl| (67 :(@eP) €d1| [5T *(dp) £dI| [17 (uep) ed| [o¢ “Cuep) el
o 8 @P AN 0 @P)AN| | :(ap)aN|[ST (EP)daN| s (ap)an||or (ap)aN] [sr (ap) any L

ndmng | 0 (@) meor| 0 {(EP)ED 1 0 :(&Pp) WeDeT- :(8P) WD 0T X(&P) WDI01- X(&P) UIEDF| OF (&P) WD — 0
0 mduy

sogTdury Jmod| Joyenuany Jordury JOTeNnUSTY sonrdury IOXTA] Joyrdury

T AVLE T UeISuo,) S,UeluZIjoq

ZH/gp 0bLI- :I0OT SSTON [ewIoy ],

ZH/wWgp (°0S1- | SION mdinQ paynjy WSpoN

9 JHNDIA wgp 001 ‘PAs T IndIng WSpON

qp 01 ‘ursIelAl pe Jel]

ZHIN 0SHE :Aouonbarg X7,

wy ST QoueISI(T

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

7/13

¥ F19| F19| 619 | 079 | (TL9) | (069
sonporg sayg | TYE| Y| YIv| 61F | 0Ty | TLy 0°6% :s3onpoId SAINI
(wep) (Lge)| T | @D | 20 |10 |[O¥D | 05D [(0001) @mme
. : . : . : . : -c 37 ndin
cqTndingy L8el cell tTel|l st | sit | oYl 0°'ST | 0001 €dI mdinQ
(zH/wugp)
(zpugp) | 9811 | L'8YI-| L'8YI-| 6'8SI-| 66€1~| 0°0ST-| 00FI-| 00ST- | INO SSION PN
anQ SSION PeInA
(ugp) G1D) |68 |(S81)-| (580)-| (s6)-| (61 (S6)-| (S6D)- (mgp)
MO EUSIS| SIT| 68| S8 S8 S0| S6 S0 | S6- JnQ Teusrs
(XX) :sonfeA Aysaed))
ap 0I¢  :uren popease) o ONEA PP
(oxodp | 17 (EP) £dl) (77 Hwdp) €dl | |6z (wgp) €dI| (ST “(wdp) €d1| (ST «(wep) €dl| (12 :(wdp) ¢di] [Sc :udp) edI
oy 8 @PAN)| 0 (EP)AN||cy (ap)aAN| |61 (EP)AN| | (EP)AN| 0 :(&P)AN|[Sh (EP) AN
mdmg | O (gp) urepf| 0 “(4P) WD o1 :(gp) ureD (61~ (AP) U 01 (gpP) WD 01~ :(gp) UreDH 0T :(dPp) UureD
Joyrdury 1moJ Joyenua)y ogrdury JoeNUAN Y yrdury IOXTIA] Toyrdury
CCAVLE 1 JURISUo)) S,Uetizijog
ZH/ugp 0yLI- -I0OT{ SSION [PULIdY],
ZH/ugp (°0S1- | osION nding paynjA twOpoy
wgp ¢6- [PAT MdinO WAPOA
ap 01 "ULSTeIAl 9ped Jefd
qo JTANDIA ZHIN 0SHE :AouenbaIg XJ,
: uy] Of OUR)SI(T

(wapou
wos
mdr

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

8/13

€69 (L19)| 19| 6’19 | (079 | (L9 | (069
spmporg sapyg | €66 LTV | LTV | 6Ty | 0Ty | Tl 0°6¥ :s1onpold SAIAT
(wagD) Ts9)| 99| we) |- |10 |[(OyD | (©0sD [(000T) awme
cqrmdmo | LSE| VO v | ST |STC 01 0'ST | 0001 :gdI mdinQ
(ZH/wgp)
(zpypugp) |T¥CL- | ¥9ST- | ¥TST-| 6T9T-| 6'6E1-| 0°0SI-| 0071~ 0°0ST-|INO SSION PN
IO SSTON PAINA
(wgp) 9 | (S¥D)- | (ST (STe) (S6)-| (61| (S6)-| (S61)- (ugp)
QTeustS | G'GT | S¥I-| ¢TIl STe S0l S6-]1 S0 [S6 anQ [eusty
(XX) :sanjep Ajsxes))
ap 0'sc  ‘ures papeose) X6 TONEA POPRL
oxordp | WV {(wgp) ¢di| (v “@m@ edl| 6T «(wgp) €d1| (1¢ :(gp) €dl| (ST «(wgp) €dlf |17 :(udp) £dl| ST :(Wdp) ¢dl
S I R N HdP) AN ¢y (@P) AN| e (EP) AN| S (@P) AN [0T :(@P)AN| [t (dP) AN
mdmg | € }(gp) uren(| T :(€P) WED M 01 :(gp) uren [0z~ :(dp) WD 01 X(dp) WD 0T~ (dp) e 0T :(gp) wen—
Togrdury Jomoq JojeNuRN Y zoyrdury I0JRNUONY Tordury IOXTA] Jogrdury
CAVLE T JUBISUO)) S,UeWiZI[0g
ZH/Ugp 0vLI- -100[] 3STON [PULISY,
ZH/ugp (°0S1- | :esIoN nding paynjy wopoy
wgp <6 [2A9T IdINQ) WSPON
U@ @M—Dw—m qp 01 UISTRIA] ope 18]
ZHIN 0STE :Aouanbal] XJ,
ury] ¢ doueIsI(q|-

(wopow
woxy
ndu

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

9/13

€19 19| 19| 619 | 079 | (19 | 069
spmpoig sapg| €17 LW | LTP| 61y | 0Ty | TLy 0°6¥ :$30npoIJ SAINT
wgp) |80 | OD-1 8 | ED- | €10 |©OyD | (©¢T) (000D emmg
cqumdmg| V8C| 9T | ¥8 | ST |STC |0V 06T | 0001 ‘gdI1mdmnQ
(zH/ugp)
(zyyugp) | OTET- | ¥'T91- | ¥'TST-| 6T9T-| 6°6E1-| 0°0SI-| OO0FI-| 0°0SI-|INQ SSION PAINN
IO SSTON PAINA
@gp) | (50)- | (629 | (T (2o (S6)-| (6D (S6)-| (S6D)- (tugp)
mQeusis| ¢4 | ¢Te-| ST ST SO0l S6-| 60 [6S6 nQ [eusrs
(XX) :sonfeA AYSied)
XX Sanje 210
qap  0°s¢g :uren) popesse) 1EA POPEA
(oxordp | 1V (@ED) £l € (gp) edl| oz (wgp) dl| 1T :wep) €d1| [s¢ :@rep) edl| [12 :(dp) €di] [ :@gp) ¢dI
oy 8 (EPAN| (0L HEP)AN||cy «(gP) AN |€¢ (EP)AN (S (P)AN| |01 (EP)AN||s¥ (dP)dAN
mdng | 0 {(@P) WM 01=(aP) D 1 01 (8P) uren g~ :(8P) WIEDI 01 “(€P) WeD|01- (8P UIeD 0T “(8P) ueD
Toygndury romog Ioyenuonyy Jogrdury Jojenueny Togrdury JOXTN] Togydury
CCHVLE 1 Juelsuo)) s, usiZijoq
ZH/OEGpP 0¥LI- :10O[, OSTON] [P,
ZH/wgp (°0ST- | “SION 1nding pajnjA WpoN
wgp S'6- [PAYT INdINQ) WIPOIN
PO JHNDIA qp 01 UISIEA Spe 18[]
ZHIN 0ST€ :Aduanbarg X7,
wy ¢ 20UeISIq

(wopou
woxj
mdu

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

10/13

9'69)| (L'69) | (L69)| (669 | (009) | (1'S9) | (0°L9)
sponporg sauag| 0| L6€ | L6E| 66E | 007 | 'SP 0Ly :s10npo1d SINI
wgp | €10 | @8- &8 | GD- (10 | (0yD | (05D [(0°00D) ﬁm@
s o | g . : . : 1 mdn

cqmdmp| ETC| 98| V8| ST S1T | 0¥ 0'ST | 07001 ¢dI mdinQ

(zH/gp)

(zpyugp) | SYEL- | V691~ | ¥TST-| 67T91-| 6'6€1-| 00SI-| OO0FI-| 0°0ST- | INQO SION PAN

Q) SSTON PN

(wgp) | (€9)-|(€89)-| (€10 (€181 ($8)-| (€8D (§8)-| (S81)- (wgp)

AMOTeUsIS| C¢T | §8¢-| STI4  SIT ST1| 68| &1 |¢S8 nQ TeUsIs

(xx) :sanjep Aysaes])

XX Sanje ope

ap  0's¢ ‘ures) papedse)) 12A PoPEd

xordip | 17 (EP) £dl) (L () €d1) (6 -(wep) €d| |1 (WP edl| |6z :(ap) edI| [Tz “(dp) edl| [o (map) et
oy 8 }(gp) AN |LT (@D AN| [y (dp) dN| (€7 (@P) AN| |G :(dP) AN| |01 :(dP) AN [S'F :(gp) aN|( Mo

dyn 0¢ (gp) ureoy | L1=(8P) WED [ 07 () WeD(Jez- :(Gp) WeD 01 :(gp) WD :(gp) WD 01 (gp) mep— WO
O mduy

TgIdury omod| Iojenuany Toyndury Jojenuany ToygTduny IOXTN ToyTyduny

CCHYLE T Jue]suo)) S, uewrzZ}jogq

ZH/gp 0vL1- -I00T] SSTON [eULIOY,

ZH/ugp (°0S1- | *9SION IndinQ pajnjy WIpoN

wgp $'8- [AST AN WAPOIA

99 FHNDIA dp 01 TUISIPIN PR 1R[]

ZHIN 0SE :Aouonbarny X,

. . ury ] Q0uRISI(J

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

11/13

(LSS ws9) | s (6'sS) | (099 | (1°19) 0°€9)

S10npoIg SANI L'Sel LSE | L'SE | 6'SE 09¢ 'ty 0ey -sjonpoid SANI

(wep) €D O9D-| &) [CD- [T |OVD (¢ [(000D) @mgm%v

e mdnQ eer | 991- v8 | &1 ¢1c 0Vl 0°sT [ 000I ‘edl manQ

(zH/ugp)

(zgugp) |09€T-| OVLI- | ¥'CST-| 67791~ 6'6¢l-| 00SI-| O0OFI-| 0°0ST- | MO SION PAIA

N 9SION PANIA

(wgp)  |(SYD-| Sp)- | (S61) (S60)- (S9)-| (9D (S9-| (€91)- (wgp)

QO [eusts) G| Gve- S6-| &6l S¢ g9 §¢ |59 InQ TeUsIS

(XX) :sonfeAp Asaed))

XX  :Son[eA pd

ap 0S¢ ‘ures) papedse) 1°A PoPEd
(oxordip | W :(tugp) ¢di| 61 ((WEP) €dI| |Gz :(ugp) €d1| |z (wdp) £d1| sz :(uep) ed1| [T¢ :@map) ¢dl] [cc :(wep) edI S
03) 8 AmEnHZImN ..AmEmZ|m.¢ (gP) AN| €T (dP) AN |SF «gP) AN||0T :(dP) AN| [S'¥ AmEnHZA %o
0€ :(ap) uren| | ST(€P) WED [ 01 :(gp) UreD ez~ :(ap) WreD | 0T :(dp) WD[0T- (gp) uredi 01 «(gp) urep— -3
mdinQ mdu

Togdury 1oM0J Ioyenueny Jogrdury Jorenuapy Jogyduny IOXTIA] Jordury

CTaVLE T TJUEISUO,) S,UeliZ[0g

ZH/Wgp O'yL1- ~100[ SSION [eWLIYT,

ZH/ugp (°0S1- | PsION nding pemjy Wopo[

wgp $9- J[eASTT IdINQ) WISPOIA

H@ @:Dw—ﬁ— qp 01 UISIRIA oped Jef

ZHIN 0STE :AduRNbAI] X,

wy S0 oueISI(J

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

12/13

(6°19)| (0TS | (0T (1T8) | (TTs) | €LS) | (@6S)

sonporg scpyg] O TE| OCE | 0TE | TTe | TTE | €LE T6E :s10mpoid SAINI

wgp)| V9| OV0-| GO D 110 | ©OFD | ©€T) | (000D @mme

equmdmg| TS| 9ve| VL] ST | STC |0Vl 0ST | 0°00L :¢d1 mdinQ

(zH/ugp)

(zpyugp) | 09€T-| 0FLT- | TEST-| 6°€9T-| 6'6€1-| 0°0ST-| 00FI-| 0°0ST- | INQO SSION PN

:INQ SSION POINIAI

(wgp)  |(9°02)- |(909)- [(O8T) (98D)-| ©O)-| OVD-| ©O)-| OF1)- (tugp)

MO TeUsIS | 9°01-| 90F-| 98] 98I v 9% | ¥S |9 JnQ [eusIg

(XX) :sonfep Assaed)

aP 0S¢ :ures) popedse) X FONIEA PR
oxodp | :(tugp) e [T :(WEP) €d| |Gz :(udp) ed1] [0 :(wdp) ed| [S¢ :@uep) edi| [Tz :@@ap) edi [z :(wdp) €dI onow
op 8 @PAN)[TE (EP)AN||cy (ap)AN) [¥T (EP)AN| ¢y (EP)AN| 0T (EP)dN] (¢ :(ap) aN|( L
0 :(gp) uren["| Z€-(84P) WD M 01 (gp) WeD - :(dp) WeDH 01 :(gp) WD HoT- (gp) urenH 01 (p) urep|— oW
mdinQ mndy]

sorydiny Jomod Tojenuenyy Joyrydury Ioenuepny TgIdury TOXTA] Jorprdury

CCHVLE T JUEISUO)) §UBWZI[0g

ZH/dp 0pLI- -100[ 9STON TewHay ],

ZH/ugp (°0ST- | SION 3nding paymy Wopoy

mw THOADIA wgp 99 ‘ToAS T indinQ WpoN

qp 01 ‘urs e} Sped 18]

ZHIN 0STE€ :AoUonbarL X7,

sy ST0 S0UEISIT

SUBSTITUTE SHEET (RULE 26)



PCT/US02/19332

WO 02/104043

13/13

1

[ v o=d
7 Upy oul

f

1doooe

pue “UIA
OSTON]

L THODIA

Y

[ WIV-IN
0} 7 UPY 198
"N[eA "XBJA]
0} T TPV 1S

A

ON

SOX
¢ WV-1eN
01 | "UPV 19
"ONJeA “XEBJA]
0} 7 "INV 108
onfeA i
uMmouy|
> SOX
QoUR)SI(]
uonenuany
JON SUmUIANe(]
M0
mdino Gy andwo))
A
Sd

PR Y U2amIq
Q0uB)SI([ FIUH

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

