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POWER CONTROLLED FADING 
COMMUNICATION CHANNEL SYSTEM 

STATEMENT OF GOVERNMENT INTEREST 

[0001] The invention Was made With Government support 
under contract No. F04701-00-C-0009 by the Department of 
the Air Force. The Government has certain rights in the inven 
tion. 

FIELD OF THE INVENTION 

[0002] The invention relates to the ?eld of communication 
systems. More particularly, the present invention relates to 
poWer control of communication signals for improved recep 
tion in fading channel communication systems. 

BACKGROUND OF THE INVENTION 

[0003] Existing closed loop poWer control algorithms in the 
Code Division Multiple Access (CDMA) and Universal 
Mobile Telephone System (UMTS) ignore the roundtrip 
delay incurred in the measurement of the received signal 
poWer. Such an assumption of Zero round trip delay may be 
valid When the round trip delay is negligible in comparison to 
the inverse of the channel fading bandWidth. HoWever, in the 
case of satellite channels such a condition is not satis?ed. The 
round trip delay for geostationary satellites, for example, may 
be in the range of 250 msec to 500 msec, including any 
terrestrial delay, for a single hop or tWo-hop system. When 
compared to the inverse of the channel fading delay in the 
range of 1 .0 to 10.0 sec, corresponding to the bandWidth in the 
range of 0.1 to 1.0 HZ, such a delay is not negligible. Hence, 
any poWer control algorithm based on such a Zero delay 
assumption Will not have satisfactory performance. PoWer 
control is necessary for frequency division multiple access 
(FDMA) and time division multiple access (TDMA) systems 
to control adjacent channel interference and mitigate unex 
pected interference caused by a near-far problem. In these 
systems, poWer control is needed to improve the quality of 
voice delivered to a user. HoWever, in CDMA systems that are 
self-interfering, the capacity of the system depends directly 
on the poWer control and an accurate poWer control mecha 
nism is needed for maximizing the number of users that can 
operate simultaneously in the system. Improved poWer con 
trol can also save the amount of transmitted poWer of the 
mobile station (MS), Which increases the life of the battery. 
[0004] In case of fading channels, diversity-combining 
techniques are generally employed to improve system perfor 
mance. For example, in case of the CDMA systems, implicit 
diversity gain is exploited With the help of a rake receiver. In 
such a diversity system employing either an explicit or an 
implicit diversity, the poWer control in the terrestrial systems 
is based on the estimated poWer level at the diversity com 
biner output. In CDMA systems the poWer control on the 
reverse link, for example, is based on a combination of open 
loop control along With a closed loop correction implemented 
in the base station and the MS. For open loop probing on the 
access channel With closed loop correction inactive, the 
mobile station transmits the ?rst probe signal at an output 
poWer level, de?ned by a mean output poWer in dBm is equal 
to k minus the mean receive input poWer in dBm plus 0.5, 
times, the nominal poWer in dB plus 0.5, times, the initial 
poWer in dB. The mean poWer is referred to a nominal CDMA 
channel bandWidth of 1.23 MHZ and k, nominal poWer, and 
initial poWer are system parameters. The initial poWer param 
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eter is any margin, positive or negative, above the required 
level. When the initial poWer is Zero, then the nominal poWer 
is the correction to provide the correct received poWer at the 
base station. Essentially the poWer control, in both open loop 
and closed loop, is based on the assumption of identical 
channel gain on both the reverse and forWard link, thus ignor 
ing both the roundtrip propagation delay and the difference in 
the transmission frequency on the tWo links. Sub sequent 
probes in an access probe sequence are sent at an increasing 
poWer level until a response is obtained from the base station. 
The initial transmitted poWer in the reverse tra?ic channel is 
at the poWer level given by the mean TX output poWer equa 
tion plus all the access probe corrections. 
[0005] Uncontrolled differences in the forWard and reverse 
channels, such as opposite fading that may result due to the 
frequency difference plus mismatches in the mobile station’ s 
transmit and receive chains result in the transmit poWer, 
Which is different than the desired level. To reduce these 
residual errors, a close loop control is used Wherein the 
mobile station measures the received Eb/NO Which is the bit 
energy to total noise poWer spectral density ratio, and trans 
mits this information to the base station on the reverse link. 
The base station compares the performance measure against 
a threshold and based on the difference betWeen the tWo sends 
a correction signal to the mobile station inserted in the for 
Ward data steam. The MS then corrects his transmit poWer on 
the basis of this correction information. 

[0006] The closed loop correction in the CDMA systems 
ignores the round trip delay in comparison to the inverse of 
the channel fading bandWidth. For example, typically the 
fading bandWidth for the terrestrial cellular communication 
netWorks may be of the order of 50.0 HZ having a time 
constant of 20.0 msec compared to a round trip delay smaller 
than 0.1 msec for a cell radius of 10 Km and thus such 
assumption is satis?ed. HoWever, in the case of satellite chan 
nels With a roundtrip delay of 500 to 600 msec such an 
assumption is not valid even When the fading bandWidth is 
less than 1 HZ. 

[0007] In the UMTS system, tWo loops for poWer control 
are involved. The inner loop is based on a bandWidth of about 
1500 HZ With a period of 0.66 msec, measures the received 
signal to interference ratio and compares to the desired signal 
to interference ratio. The loop period is much higher com 
pared to the roundtrip delay and thus the roundtrip delay is not 
too important in the loop design. This loop is similar to the 
closed loop in the CDMA system. An outer loop measures a 
service metric such as the frame error rate and adjusts the 
desire signal to interference ratio to account for any unmod 
eled uncertainties. The outer loop bandWidth is in the range of 
10.0 to 100.0 HZ. Similar to the CDMA poWer control, a 
satisfactory operation of the UMTS system poWer control 
requires that the roundtrip delay be negligible compared to 
the channel fading bandWidth and the loop bandWidth. HoW 
ever, in the case of satellite channels such a condition is not 
satis?ed. In case of the satellite channels, the round trip delay 
may vary betWeen 250 to 550 msec, depending upon Whether 
a single hop or tWo hop system is used, compared to 1.0 usec 
to 100 usec variation in UMTS system. When compared to a 
fading channel bandWidth of 0.1 to 1.0 HZ With a time con 
stant of 1.0 to 10.0 seconds, the roundtrip delay is not negli 
gible and hence the poWer control approach Will not Work 
satisfactorily. It is therefore necessary to take into account the 
roundtrip propagation delay explicitly in the design of the 
poWer control algorithm. A satisfactory operation of both the 
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CDMA and the UMTS power control algorithm requires that 
the roundtrip delay be negligible compared to the channel 
fading bandWidth and the loop bandwidth. When compared to 
a fading channel bandWidth and time constant, the roundtrip 
delay is not negligible and hence the prior poWer control 
algorithms may not Work satisfactorily. These and other dis 
advantages are solved or reduced using the invention. 

SUMMARY OF THE INVENTION 

[0008] An object of the invention is to provide a system for 
improving the reception of the communication signals. 
[0009] Another object of the invention is to provide a sys 
tem for improving the reception of the communication sig 
nals by adjusting the poWer level of a transmitted signal. 
[0010] Yet another object of the invention is to provide a 
system for improving the reception of the communication 
signals by adjusting the poWer level of a transmitted signal 
communicated through a fading channel. 
[0011] Still another object of the invention is to provide a 
system for improving the reception of the communication 
signals by adjusting the poWer level of a transmitted signal by 
predicting the amount of fading in a fading channel. 
[0012] The present invention is directed toWard a poWer 
control system in a communication system for adjusting the 
poWer level of a transmitted signal through prediction of the 
amount of the amount of fading in a fading channel. A poWer 
control algorithm explicitly takes into account the propaga 
tion delay by including an adaptive N-step ahead nonlinear 
predictor. The fading channel poWer gain in dB is modeled in 
terms of a parameteriZed nonlinear model With memory. The 
model parameters are adaptively estimated by a recursive 
least squares algorithm from Which a poWer controller derives 
the required prediction of the channel poWer gain and the 
requisite transmitted poWer level. The system can be used for 
improved reception through satellite communication chan 
nels Where the roundtrip propagation delay are incurred When 
obtaining the measurements of the received poWer level at the 
transmitter site for the purpose of controlling the transmitted 
poWer. Such a roundtrip delay is signi?cant When compared 
to the inverse of the channel fading bandWidth. Thus, the 
poWer control algorithms take into account such a delay for 
use With communication systems Where the roundtrip delay is 
relatively signi?cant. The poWer control algorithm is based 
on an adaptive nonlinear predictor that explicitly takes into 
account a long propagation delay. The transmitted poWer is 
determined on the basis of the measurements of the received 
poWer levels over the individual diversity branches for 
improving performance. Using a predictive and adaptive 
algorithm, the overall performance is shoWn to be very close 
to the performance of the ideal additive White Gaussian noise 
(AWGN) channel Without any fading. For example, When the 
received poWer from all diversity branches is combined, as in 
case of equal gain diversity combining, and compared to the 
poWer level required for the nonfading channel to achieve the 
same probability bit error, the residual loss due to fading is 
about one dB for a probability of bit error equal to 10’6 or 
higher. These and other advantages Will become more appar 
ent from the folloWing detailed description of the preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram ofan uplink poWer control 
duplex communication system. 

May 1, 2008 

[0014] FIG. 2 is a block diagram of ?lter and adaptive 
predictor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0015] An embodiment of the invention is described With 
reference to the ?gures using reference designations as shoWn 
in the ?gures. Referring to FIG. 1, a duplex communication 
system may be used for communicating signals through fad 
ing channels, such as a satellite communication channel, 
Wherein the fading may result due to the ionospheric scintil 
lation or multipaths in a terrestrial, marine, or aeronautical 
environment. Input uplink payload data 10 fed to an uplink 
transmitter 12 driving an uplink transmit antenna 14 for com 
municating a transmit signal through a fading channel 16 
having a gain of Z(k) and a delay of ND]. The uplink trans 
mitter 12 receives an adaptive reference signal u(k) for adjust 
ing the poWer level of the transmitted signal. The uplink data 
10 is an information signal that is coded and modulated by a 
carrier frequency signal With the resulting RF signal ampli 
?ed in poWer and transmitted by the uplink transmit antenna 
14 for transmission on the uplink. The received RF signal 
Z(l(—NDl)+11(l{—NDl) after propagating over the fading 
channel 16 is received by a receive antenna 18 that inputs the 
transmit signal to an uplink receiver 20. The uplink receiver 
20 makes available the information signal after demodulation 
and decoding processes as an uplink output data 22. The 
information signal is thus recovered and may undergo further 
processing and switching onboard the satellite or may simply 
be transmitted over the doWnlink as in the case of a repeater 
type of satellite. After recovering the information signal, a 
poWer measurement 24 is performed on the received demodu 
lated signal )((k). The poWer measurement 24 may be a func 
tion performed inside the uplink receiver 20. The poWer mea 
surement 24 performs the function of estimating signal 
quality of the received signal. The estimation of the signal 
quality can be the poWer level, or some other measure related 
to the signal poWer level such as the received bit energy to 
noise poWer spectral density ratio (E b/N O), or the frame error 
rate. 

[0016] When the channel 16 exhibits signi?cant frequency 
selective fading Where the transmitted signal bandWidth is 
higher than the coherence channel bandWidth, it may be pos 
sible to separate the signal components arriving via different 
paths at the receiver antenna. For example, in a code division 
multiple accessing (CDMA) communication system, the sig 
nal separation is achieved With a rake receiver, Which sepa 
rates various multipath signals utiliZing the properties of the 
spreading codes. After separation of these communicated 
signals, the receiver aligns the phases and recombines the 
separated signals in a coherent manner so as to achieve a 

better signal-to-noise poWer ratio (SNR). Such an improve 
ment in the SNR is termed the implicit diversity gain. For 
implicit diversity, the poWer measurement 24 measures 
poWer over individual L multipaths. The poWer measurement 
signals llJm(l{—NDl) for the L different implicit diversity 
branches, Where m is equal one through L, are transmitted as 
part of the doWnlink signal communicating the payload infor 
mation on the doWnlink. 
[0017] The doWnlink signals communicate composite 
information including the payload data and the poWer mea 
surement signals llJm(l{—NDl) to a doWnlink transmitter 26 
that codes, modulates, and ampli?es in poWer the doWnlink 
signals through a doWnlink transmit antenna 30. In some 
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systems, a single antenna may be used as both the receive 
antenna 18 and transmit antenna 30 using a duplexer, not 
shown. The RF signal radiated by the transmit antenna 30 
propagates over the downlink fading channel 32 having a 
delay of ND2. The downlink signal is received by a receiver 
antenna 34 that may be a ground receiver antenna. The 
received RF signal is received by the receive antenna 34 and 
fed into a downlink receiver 36 that demodulates and decodes 
the composite downlink signal for providing downlink output 
payload data 38. The received power measurement signals 
llJm(l{—ND) of the composite received signals is fed to a mul 
tichannel power controller 42, which controls the power level 
of the uplink transmitter 12 by providing the adaptive power 
reference signal u(k) such that the power received by the 
uplink receiver 20 remains close to a reference power level 
urefthat is an input to the power controller 42 in the presence of 
unknown channel fading and signi?cant roundtrip delay from 
the uplink transmitter 12 and downlink receiver 36. 

[0018] The power controller 42 receives the power mea 
surement signal llJm(l{—ND) and subtracts the adaptive power 
reference signal u(k) that is delayed by an ND delay 46 from 
the power measurement signal llJm(l{—ND) for providing an 
adaptive power measurement signal Z’”(k—ND) to a bank of 
?lter and adaptive predictors 48. The predictors 48 provide L 
average adaptive power measurement signals 2;" (k) where m 
is equal to one through L. A prediction selection 50 selects 
one of the L average adaptive power measurement signals 
2P’"(k) as a selected adaptive power reference signal u(k). The 
selected adaptive power reference signal u(k) is fed into an 
adder 52 for adjusting the reference level ureffor providing the 
adaptive reference u(k) to the uplink transmitter. As such, 
there is a roundtrip closed loop adaptive adjustment to the 
power level of the transmitted signal for maintaining the 
power level received in the uplink receiver 20 for improved 
signal reception in the presence of fading multipath channels 
16 and 32 and in the presence of large roundtrip times. 

[0019] Referring to FIGS. 1 and 2, and more particularly to 
FIG. 2, a ?lter and adaptive predictor is an exemplar predictor 
of the predictors 48 that would include L predictors. An 
average adaptive power measurement signal Zn(l{—ND) 50 is 
fed into a smoothing ?lter 52. The smoothing ?lter 52 is used 
to reduce the measurement noise incurred in the power mea 
surement 24. The smoothing ?lter 52 may be a ?rst order or 
higher order ?lter for providing a ?ltered adaptive power 
measurement signal ZF(k—ND) that is fed into an ND delay 
54, a parameter estimation and adaptive calculator 58, and a 
?rst delay line 60. The ND delay 54 provides an ND delayed 
?lter signal Z F(k—2 ND) that is fed into a second delay line 56 
and the calculator 58. The calculator 58 also receives the 
average adaptive power measurement signal Zn(l{—ND) 50. 
As such, the parameter estimation and adaptive calculator 58 
receives ZF(l(—2 ND) through ZF(k—2 ND—N+ l) ?ltered 
signals and provides a parameter vector signal 0(k—ND) to 
the nonlinear predictor 62. The nonlinear predictor 62 pro 
vides the average adaptive power measurement signal 
2?(k).The predictor is modeled in terms of a nonlinear model 
involving up to three-degree terms along with an exponential 
term. The unknown parameters in the predictor model are 
estimated using a recursive weighted least squares algorithm. 
The predictor derives the parameter vector signal 0(k—ND)by 
minimizing the difference between the average adaptive 
power measurement signal Zn (k —ND) and a nonlinear predic 
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tion ofZ(k—ND)on the basis ofZF(k—2 ND) through ZF(k—2 
ND—N+ l) ?ltered signals using the recursive least squares 
algorithm. 
[0020] The transmitted power is determined by the power 
controller 42 on the basis of the received power levels on all 
of the individual diversity channels. The power controller 42 
makes it possible to eliminate any outliers almost completely 
wherein an outlier is de?ned as an event causing an incorrect 
estimate of the predicted channel gain due to the presence of 
noise in the recursive least squares algorithm and leading to 
low power at the combiner output. When the power control 
system is based on the combiner output power at the receiver, 
any error in the determination of the required transmit power 
will result in an outlier and low power in the combined signal. 
However, when the diversity channels are power controlled 
on the basis of received power levels over individual diversity 
channels, at least one of the diversity channels will have 
suf?ciently high power level with high probability so that the 
probability of an outlier is very small and the combiner output 
power does not become low with any signi?cant probability. 
The power control is perfected by using the power measure 
ment signals for the L different implicit diversity branches 
that are transmitted along with the payload information on the 
downlink by the transmitter 26 in the adaptive control of the 
transmit power level. 

[0021] The system reduces the penalty due to fading to a 
negligible value, especially when some form of implicit or 
explicit diversity is available. Such a diversity may involve 
just a second channel whose average power may be only a 
fraction of the main channel average power and is for the 
purpose of removing any outliers left by the adaptive algo 
rithm. For the CDMA systems such an implicit diversity is 
mostly available as the coherence bandwidth is generally 
smaller than the wideband CDMA signal bandwidth. Even in 
the absence of any diversity, the algorithm makes it possible 
to achieve a probability of bit error (P8) in the range of 10’3 
to 10’4 which is better than required for the coded systems 
with about 1 dB penalty compared to nonfading channels. 
Without the power control and even with full power triple 
diversity, there is a penalty of about 5 dB even for the high P8. 
The results will be in between these cases if an inef?cient 
power control algorithm is used. It is not feasible to have a P8 
in the range of 10’6 to 10’8 without an effective power 
control unless very high order diversity is available. In con 
trast, power control achieves a low P8 with no penalty with 
L:3 and about 2 dB penalty for LIZ. Similar results hold for 
various other situations in terms of diversity, and multiple 
accessing techniques. 
[0022] Referring again to FIGS. 1 and 2, the term uref in 
FIG. 1 denotes the reference power level, which is the desired 
power level at the receiver even in the presence of fading over 
the communication channel. The power controller is imple 
mented using the adaptive predictor having an output u(k) 
that represents the power transmitted by the uplink transmit 
ter during the kth sampling interval. For the purpose of power 
control, the sampled version of the unknown channel gain 
process is expressed in terms of dB scale as Z(k):20 log(an 
(k)) where an(k) is the channel gain, i.e., an(k) is the ratio of 
the real envelopes of the received and transmitted signals at 
the discrete time instance kTS where TS is the sampling inter 
val for the update of the power control algorithm and k is any 
integer k. The channel gain process Z(k) is then modeled by a 
general Z(k) nonlinear model Z(k):0LlZ(l{—1)+. . . +0LmZ 
(k—m) +g(Z(k)) +w(k), where 0L1, 0L2, . . . , am are parameters, 
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g is a nonlinear function of the Z(k) vector Z(k):[Z(k—l) 
Z(k—2) . . . Z(k—m)], and W(k) denotes White noise. Even 

though an(k) may have a linear model, the prediction on an(k) 
is not adequate in the poWer control application as the perfor 
mance of a communication system is described more closely 
in terms of poWer in the dB scale than a linear scale, such as 
on a linear scale the difference betWeen an(k):0.0l and an(k) 
:0.00l is only 0.009 and may seem small in terms of the 
estimation and prediction. However, the difference in terms 
of dB values is 20 dB, Which more truly describes the differ 
ence in performance of the communication system if the 
channel gain of 0.001 is incorrectly estimated as 0.01. Thus, 
modeling in terms of dB values accentuates the estimator and 
predictor errors in a desired manner and the parameter esti 
mation and adaptive calculator 58 is based on the estimation 
of Z(k) rather than an (k). HoWever, the appropriate model for 
the process Z(k) is a nonlinear model of Z(k). Moreover, When 
modeling the channel in terms of Z(k), the model of the 
communication system for the purpose of solving the poWer 
control problem can be described by an adaptive predictor of 
FIG. 2. 

[0023] The noisy estimate of the received poWer level at the 
receiver at the sampling time instance (k+ND1) denoted by 
1l1(k) is 1l1(k):Z(k) +u(k) +v(k) Where v(k) is the error incurred 
in the measurement of the poWer level received by the uplink 
receiver. Both the forWard channel from the transmitter to the 
receiver and the reverse channel from the receiver to trans 
mitter, together introduce a roundtrip delay of ND samples. 
This propagation delay is lumped together into one element 
Without making any difference in the results When the channel 
is modeled by Z(k). For the case of satellite communication, 
one sample delay may correspond to 10 msec or higher and 
the propagation time Will be knoWn With much higher accu 
racy. Alternatively, the delay ND may be estimated from the 
signal. Thus, from the received signal poWer estimate 1l1(k— 
N D) at time k, the transmitter can evaluate the noisy measure 
ment of the channel gain Zn(k—ND) at time k by Zn(l{—ND) 
:Z(k—ND) +v(k—ND):1l1(k—ND)—u(k—ND) as the receiver 
already has the knowledge of u(k—ND). The task of the pre 
dictor at the transmit site is to predict Z(k) on the basis of the 
sequence of noisy measurements {Zn(i), j:k—ND, k—ND— l, 
. . . Denoting such a prediction by 2P (k), then the required 
control input is u(k)q1,ef— 2P (k) Where urefdenotes the refer 
ence input. The term referred to as the reference input, in the 
control systems terminology, represents the desired received 
poWer at the input to the receiver. Similarly the term control 
input represents the transmitted poWer in the present applica 
tion and the noisy estimate of the received poWer 1l1(k) is 
referred to as the noisy measurement in the control terminol 
ogy. In terms of the prediction, the model parameters in Z(k) 
are unknoWn and may be sloWly varying With time. There 
fore, an adaptive predictor is used. 
[0024] In the adaptive predictor, the term 2P(k) denotes the 
predicted value of the channel gain. When the measurement 
noise v(k) is considered negligible, Z(k) is observable and a 
general form of the predictor is 2P(k):h(Z(k—ND), . . . , 
Z(k—ND—N)) for an appropriate function h and an integer N. 
A speci?c form of the predictor is 2P(k):d1ZD(k—l)+ . . . 

+OLNLZD(k—NL) + BlZD2(k— l) + . . . + [3N ZD2(k—N) +y1ZD3 
(k— l)+ . . . +'YNLZD3 (k—N)+81f(ZD(k—l))+ . . . +8Nf(ZD 

(k—N)), Where ZD (DIZQ —ND+ l) for any integerj; or, B, y, 
and 8s are parameters; N and N L are integers and the function 
f( ) is f(x):sgn(x)exp(0.0l |x|)Where sgn denotes the signum 
function. The speci?c predictor model 2P(k) is generated by 

May 1, 2008 

optimization and may be applied to most poWer control situ 
ations Where only the linear and quadratic terms are suf?cient 
for less severe fading environment, While in even more severe 
fading environments, additional higher order terms may be 
used. The parameters N and N L may be different, for example, 
N may be equal to 4 With NL equal to 8. The parameters or, B, 
y, and 8 in the speci?c predictor model are evaluated by an 
adaptive algorithm. So as to describe the adaptive algorithm 
let 0 represent the parameter vector 0:[0rl . . . OLNL, B1 . . . EN, 

81 . . . 8N]. Then, the predictor model may be described in a 
compact form 2P (j):0Tx(j), Where x(j):[ZD(j —l) . . . ZD(j— 
NL) . . . ZD2(J—l) . . . ZD2(j —N) . . . f(ZD(j—l) . . . f(ZD(j —N))]. 

The parameter vector 0 can be estimated at time k by mini 
miZing the least squares estimate J Where 

k 

1 = 2 m) —ipo'nz 

HoWever, to take into account the sloWly time-varying nature 
of the parameter vector 0, an exponentially data Weighted 
least-squares index J m is minimized With respect to 0 Where 

[0025] 

k 

1m = 2m,» — Mini 

Where )\ is the exponential data Weighting factor With 
0<)\< l. The recursive solution of the optimiZation problem 
knoWn as the exponentially data Weighted recursive least 
squares algorithm is given by 0(k): 
0(k— l)+ [P(k— l)x(k)/u(k)] [Z(k) — 0T(k— l)x(k)], Where 
u(k):)\ +xT(k)P(k— l)x(k), and P(k):[P(k— l)— P(k— l)x(k) 
xT(k)P(k— l)| u(k)] I)\, for {k:l, 2, . . .]>, With initial conditions 
for 0(0) and P(0). For example, A may be equal to 0.9999, and 
the initial conditions for 0(0) and P(0) may be 0(0):[ 1 0 . . . 0]T 
and P(0):(0.0l)l(n,n) Where l(n,n) is an n><n identity matrix 
and n is the dimension of the parameter vector 0 equal to 
(N L +3N). The predictor for Z(k+ND) is denoted by 
2p(k+ND) and is obtained by replacing 0 by the estimate 0(k) 
and is given by the prediction equation 2P (k+ND): 
i(k+ND/k):0T(k)x(k+ND), Where x(k+ND) is obtained by 
replacing j With k+ND from the compact predictor model. 
Both 6(k) and X(l(+ND) are available at time k as both 6(k) 
and x(k+ND) depend only upon Z(k) and measurements prior 
to k. In this manner, there is a time lag of ND samples betWeen 
the estimate of 0 and the prediction 2P(k). HoWever, because 
the variation in the channel parameter vector 0 is negligible 
over a period of ND samples, the effect of such a lag time is 
negligible. In the ideal case, When the model describing the 
channel gain variations is time-invariant, the parameter vec 
tor 0 is a constant. The control input u(k) is obtained from 
ip(k) as u(k):u,ef— 2p(k), With 2P(k) obtained by the adaptive 
prediction algorithm. 
[0026] The measurement of the received signal poWer level 
is at any discrete time instance k. The receiver has a time 
constant equal to the sample period Which may be 10.0 msec 
or higher in the case of the geostationary satellite channels for 
providing an accurate estimate of the average received poWer 
level during that period. Thus, in the measurement Zn(l():Z 
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(k)+v(k), the variance of v(k) Will be negligible. However, 
the effect of v(k) can be further reduced by the predictor by 
introducing a smoothing ?lter 52 to reduce the noise in Zn(l{). 
In the state vector x(k) of the 2P(k) predictor equation and in 
the 0(k) of the parameter estimation algorithm, Z(k) is 
replaced by a ?ltered estimate Z F(k), While in the prediction 
error equation [Z(k)—0T(k—1)x(k)] of the RLS algorithm, 
Z(k) is replaced by Zn(l{). As such, a ?rst order ?lter may be 
used Where ZF(k):)\FZF(k—1)+(1—)\F Zn(l() for{k:0, 1, 2 .. 
. }, With AF:0.8. Such a ?lter may introduce some delay, 
hoWever this ?lter delay is automatically taken in to account 
in the predictor. Other types of ?lters may also be used instead 
of a ?rst order ?lter. The ?lter and adaptive predictor includes 
a smoothing ?lter 52 to derive the ?ltered estimate Z F(k) from 
the received noisy measurements Zn (k):Z(k) +v(k). The 
parameter estimation and adaptive calculator 58 provides 
0(k—ND) from the RLS algorithm. The nonlinear predictor 
62 implements the 2P(k+ND) prediction by the predictor 
equation. 
[0027] For the performance evaluation, channel gain varia 
tions are modeled by a random process obtained by a complex 
White noise process ?ltered by a ButterWor‘th ?lter of some 
speci?ed bandWidth and order. Thus, the real envelope of the 
channel gain an(k) at discrete time k is an(k):/[[xnf2(k)+ 
[ynf2(k)]], Where each of the processes xn/(k) and yn/(k) are 
obtained by ?ltering a White Gaussian noise sequence of Zero 
mean and variance of by a speci?ed ?lter. In the simulation 
examples, the ?lter is selected to be a third order ButterWorth 
?lter of 3 dB normaliZed bandWidth BF” equal to 0.01 Where 
the normaliZed bandWidth B Pn:(2 B 117/ f5) Where B p is the ?lter 
bandWidth in HZ and f5 is the sampling rate of the discrete 
time process. For example With BP:0.1 HZ for modeling the 
satellite channel, and Bpn:0.0l corresponds to f5 equal to 20 
HZ. This corresponds to a sampling interval of 50 msec, about 
1/1oth of the delay encountered in the round trip geosynchro 
nous satellite channel. On the other hand for a terrestrial 
mobile communication channel BP may be of the order of 100 
HZ Which corresponds to a sampling interval of 50 usec for 
the same Bpn:0.0l. In this case the sampling interval is of the 
order of the maximum propagation delay likely to be encoun 
tered in the terrestrial cellular netWorks. Thus the propagation 
delay in most of the channels is estimated to be betWeen 1 to 
10 sampling intervals in the model used. The envelope an(k) 
has a Rayleigh distribution With its second moment equal to 2 
0'”2 Where 0'”2 is equal to the variance of each of the ?ltered 
processes xn/(k) and ynf(k) and is given approximately by an 
afar}; E2 Bpno'pz, Where 5 is the expected value of a for any 
a. 

[0028] From the simulations the time average of an2(k) is 
equal to 0.0077. The time average value of 20 log(an(k) is 
equal to —23.36 dB as compared to the value 20 log(0.0077) 
:—21 .14 dB. When the transmitter poWer level is selected so 
that the mean received poWer level is 0 dBW in the absence of 
any poWer control, the rms value 0' of the signal poWer in dB 
is equal to 6.48 dB. The poWer level distribution is skeWed 
and has signi?cant probability of signal poWer level being 
30.0 dB or more beloW the mean as is Well knoWn for the 
Rayleigh fading channel. From the cumulative distribution 
function of the received poWer level Without poWer control, 
the poWer levels for the 1%, 10%, 90% and 99% probability 
values are equal to — 17.86 dBW, —7.44 dBW, 6.08 dBW and 
9.01 dBW respectively. The pdf of the envelope an(k) is 
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obtained by a histogram With one million sample points and is 
close to the probability density function of a Rayleigh distrib 
uted random variable. 

[0029] The poWer control algorithm can be combined With 
diversity combining techniques With L diversity branches to 
further improve the poWer control performance. The diversity 
techniques may be classi?ed into three main classes. In the 
explicit transmit-receive diversity, the transmit poWer in each 
of the L diversity channels can be individually controlled. 
Examples of such techniques are the frequency diversity and 
polariZation diversity techniques. The second class of tech 
niques is the receive only diversity Wherein there is only one 
transmitter but L receivers. In this second class, the poWer in 
different diversity channels cannot be individually controlled, 
hoWever each diversity signal is individually available from 
Which the received poWer level over different diversity paths 
can be ascertained. An example of this second class of tech 
niques is L receive antennas that are physically separated by 
a predetermined distance. The third class of the diversity 
techniques is the class of implicit diversity techniques. An 
implicit diversity is a special case of the receive only diversity 
case With the difference that no explicit resources, such as 
multiple receive antennas, are required. The diversity is 
achieved by separating the single received signal on the basis 
of signal parameters. For example, in the rake receiver appli 
cable for the spread spectrum signals, the signal is separated 
on the basis of propagation delays encountered, such as When 
the signal propagates over multiple paths, Which have signi? 
cant difference in respective propagation delays. The poWer 
control techniques can be combined With various diversity 
methods in order to achieve high performance. 
[0030] In the case of explicit transmit-receive diversity, the 
poWer control algorithm operates independently on the vari 
ous diversity channels. The signals from various diversity 
channels under poWer control are then combined at the 
receiver using any one the traditional combining techniques 
such as sWitched, equal gain combining, or the maximal ratio 
combining technique. For the explicit or implicit receive only 
diversity, the receiver measures the poWer level in each of the 
diversity channels and transmits poWer information to the 
transmitter. The transmitter then applies the adaptive predic 
tion algorithm to each of the channels individually and com 
putes the required control input for each of the diversity 
channels. The actual control input, that is, the transmit poWer, 
is then determined from the computed controls according to 
predetermined criteria, such as, ui(k) being the control input 
computed from the adaptive predictor algorithm for the ith 
diversity channel, then the actual control of the transmit 
poWer level is determined as u(k):F[ul(k),u2(k), . . . ,uL(k)] 
for the function F. For example, F may be the minimum value 
of the arguments. Such a selection ensures that at least one of 
the diversity channels is operating at the desired poWer level 
When the prediction error is negligible. The poWer control for 
the case of explicit or implicit receive only diversity has 
control that is equivalently determined from the predicted 
channel gains 2Pi(k) rather than in terms of the computed 
controls ul(k); i:1, 2, . . ,L as is achieved by the prediction 
selector 50 in FIG. 1. When the algorithm is applied to the 
channel With the model described, then With N D equal to 12 .0, 
the received poWer level has an rms variation of about 1 .93 dB 
as compared to 6.48 dB Without poWer control. Moreover, the 
1% and 99% probability values are given by —6.5 dBW and 
4.58 dBW respectively compared to the —17.86 dBW and 
9.01 dBW Without the poWer control. 
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[0031] Both the transmit and receive explicit or implicit 
diversity techniques can be used, such as the dual implicit 
diversity. In the example of dual diversity, the two channel 
gain variations are independent random processes and have 
the same statistics. The control is based on the minimum of 
the transmit power levels required individually for the two 
implicit channels so that at least one of the diversity channels 
has the predicted received power level equal to the desired 
level u,ef:0 BW. The receiver uses a relatively simple 
switched diversity technique, that is, the receiver uses the 
channel with the maximum power of the two diversity chan 
nels. With two diversity channels, the rms power variation is 
reduced to 1.38 dB compared to a value of 1.93 dB without 
diversity. The 1% and 99% values are —3 dBW and 4.88 dBW 
respectively compared to the corresponding values of — 17.86 
dBW and 9.01 dBW respectively without the power control or 
diversity, thus, improving the 1% probability value, that is the 
value exceeded with probability of 99%, by 14.86 dB. For the 
cdf of the received signal power using dual explicit diversity, 
the 1% value is —3 dBW and the 99% value is 4.88 dBW. 

[0032] For the case of an explicit dual diversity with u,ef:— 
15 dBW, wherein each channel power is independently con 
trolled and the receiver uses the diversity channel with the 
maximum power, thereby implementing the maximum 
switch diversity, the 1%, 10%, 90%, and 99% probability 
values of the received power level are equal to — 16.26 dBW, 
—15.28 dBW, —13.42 dBW and —7.54 dBW respectively, 
and the mean power level is equal to — 14.8 dBW, as com 
pared to the desired value of —15 dBW. Thus, with 99% 
probability, the received power level is above the mean value 
minus 1.26 dB. 

[0033] For an implicit triple switched diversity with power 
control based on the minimum channel gain, the rms power 
level variation is equal to 0.73 dB with mean power level 
equal to — 14.9 dBW. The mean transmitted power is equal to 
4.14 dBW and is smaller than the difference between the 
mean channel power gain of —23.36 dB and the desired 
received power level of —15 dBW, which is equal to 8.36 
dBW. The difference is the result of the diversity gain and the 
power control algorithm. In all of these examples, both the 
parameters NL and N of the adaptive predictor are selected 
equal to four and the measurement noise variance has been 
assumed equal to Zero. 

[0034] Effect of the measurement noise on power control 
can be determined. There are several possible algorithms for 
the measurement of the received power level. In one such 
method, the inphase and quadrature components of the com 
plex envelope of the received signal, after removing the data 
modulation in a decision directed manner, are averaged over 
the period TSII/fS. The sum of squares of the averaged values 
then provides the estimate of the received power during the 
particular TS second interval. The signal to noise power ratio 
in the averaged inphase or quadrature components is of the 
order (2 P/Nofs) where P is the signal power level and NO is the 
noise power spectral density ratio. Thus, for example, with 
(P/NO) equal to 40 dB-HZ and fs equal to 10.0 HZ, the (2 
P/Nofs) ratio is equal to 2 X 103 . With the power normalized to 
1.0 Watt, the measurement noise variance is 0.5 X 1073 . The 
noise variance 0142 in the measurement of the channel power 
gain Z(k) is then obtained by multiplying 0'”2 by the average 
channel power gain equal to 0.0077 in the example yielding a 
value for 0142 equal to 3.9><1076. Other measurement algo 
rithms may yield somewhat higher value for 0342. The values 
for 0142 in the examples are in the range of 1076 to 1075 . The 
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effect of the measurement noise can be reduced by a smooth 
ing ?lter 52. The ?rst order ?lter will introduce some tracking 
delay, however the adaptive predictor automatically and 
implicitly accounts for such a delay in computing the control 
input. It is in part for this reason that the predictor parameter 
NL has been increased to 8 from a value of 4 in the examples 
with signi?cant measurement noise. The received power level 
for the case of triple implicit diversity has a measurement 
noise variance equal to 1.0><1075. The rms variation of 
received power with the power control algorithm is equal to 
0.87 dB and is marginally higher compared to the value of 
0.73 dB for the measurement noise free case. 

[0035] The performance of the power control algorithm is a 
function of the delay parameter N D. The received power level 
has different rms variations as the parameter ND is varied 
while keeping all the other parameters same. For the case of 
ND:8 and with 0142 equal to 1.0><1075, the rms power varia 
tion is 0.64 dB compared to the case of 0.87 dB for ND:12. 
The rms power ?uctuation for the case of ND:6 is only 0.37 
dB. The parameters of the power control algorithm for the 
case of triple implicit diversity are given by AF:0.8, NLI8, 
and N:4. 

[0036] With the same average received power level in both 
the cases of nonfading and fading channels, wherein for the 
case of fading diversity channels the received power is mea 
sured at the combiner output, the performance of the power 
control system for L22 is nearly the performance of the 
nonfading channel. However, due to fading, the power con 
trol, and different combining techniques, the average trans 
mitted power level may be different even for the same 
received power level in the two cases. A power control and 
diversity power table lists various power levels for the case of 
LII and L:2, and L:3. 

Power Control and Diversiy Power Table 

Average Average of 
L Measured Power (dBW) dBW Power 

1 Transmit Power PT 11.81 7.79 
Received Power PR * 14.81 * 14.99 

2 Transmit Power PR 7.55 5.44 
Chl Received Power PR1 *1662 *18.09 
Ch2 Received Power PR2 *1658 *18.17 
Combined Power Switched * 14.97 * 15.00 

Combined Power Equal Gain * 14.01 * 14.26 

Combined Power (maximal) * 13.59 * 13.70 

3 Transmit Power PT 5.13 3.99 
Chl Received Power PR1 *17.27 *19.07 
Ch2 Received Power PR2 * 17.47 * 19.38 

Received Power PR3 *1755 *1956 
Power (switched) *15.01 *15.02 
Combined Power (equal gain) * 13.24 * 13.49 

Combined Power (maximal ratio) * 12.66 * 12.78 

[0037] For the case of AWGN channel, the transmit power 
is 5 .65 dBW, which is equal to the required received power of 
— 15 dBW minus the average of the channel power gain equal 
to —20.65 dB. In comparing the performance in terms of the 
transmitted power level, the average transmitted power level 
for the power control system is selected to be the same for the 
fading channel with and without any power control and for the 
AWGN channel. Thus, in making the transmit power the same 
as for the AWGN channel, the transmit power is reduced 
below those given by Table 1 and brought to the same 5.65 
dBW level in all cases. 
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[0038] With implicit diversity, the average transmit power 
is measured in a single channel as there is only one transmitter 
for the case of implicit diversity, and is set equal to the 
transmit power required for the ideal AWGN channel. The 
diversity combining technique is selected to be the optimum 
maximal ratio combining for the case of no power control 
whereas switched or equal gain non-optimum combining is 
used for the case of power control in this example. The com 
parison shows that for the case of L:3, the residual degrada 
tion is negligible when using power control. However, when 
no power control is used, about 7.0 dB degradation results at 
a probability error of 1076. 

[0039] When the maximal ratio combining is used along 
with power control, the performance of the diversity tech 
nique with power control is better than the AWGN of a non 
fading channel by about 1.7 dB for a probability error of 1075. 
This gain arises due to the increased power available in the 
diversity channel. When the diversity gain is included in the 
AWGN channel, the performance of the AWGN channel will 
also improve by about 4.7 dB. Thus, when compared to a 
theoretical case when three explicit diversity channels are 
used for the nonfading channel, the net loss is about 3 dB. In 
contrast to this at a probability error of 1076, diversity com 
bining without power control requires about 8.5 dB higher 
(Eb/NO) than when power control is used and when the maxi 
mal ratio combining is used in both the cases. 

[0040] Unequal power in the diversity channels provides 
other examples of the power control. When different diversity 
channels have unequal channel gains, the average relative 
gains for the three diversity channels are selected as [0, —3, 
—5] dB in one of the examples. Even in this case, the perfor 
mance of the diversity system with power control stays close 
to that of an ideal channel for a probability error equal to 10 or 

worse. In the absence of power control, the performance is 
worse by about 7 dB for a probability error equal to 1076. An 
L:3 at [0, —3 — 5] dB power control and diversity power table 
indicates various power levels when the combined received 
power level is desired to be —15 dBW for the case of triple 
implicit diversity. Similarly an L:2 @[0, —3] dB power 
control and diversity power table indicates various power 
levels when the combined received power level is desired to 
be — 15 dBW for the case of dual implicit diversity. However, 
in comparing the performance with the non fading channel 
case, the transmit power level is reduced to make it equal to 
the power transmitted for the AWGN channel with the chan 
nel power gain equal to the average power gain of the fading 
channel with 0 dB relative power level. 

L I 3 at [0 *3 *5] dB Power Control and Diversity Power Table 

Average Average of 
Power Measured Power (dBW) dBW Power 

Transmit Power PR 7.56 6.24 
Ch1 Received Power PR1 * 16.20 * 17.30 

Ch2 Receiver Power PR2 * 17.96 *20.29 
Ch3 Received Power PR3 * 19.36 *22.36 

Combined Power (switched) * 15.00 * 15.02 

Combined Power (equal gain) * 13.57 * 13.90 

Combined measured (maximal ratio) * 12.88 * 13.02 
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L I 2 @ [0 *3]dB Power Control and Diversity Power Table 

Average Average of 
Power Measured Power (dBW) dBW power 

Transmit Power PT 8.80 6.71 
Chl Received Power PR1 *15.71 *16.53 
Ch2 Received Power PR2 * 17.81 * 20.08 

Combined Power (switched) * 14.94 * 14.98 

Combined Power (equal gain) * 14.08 * 14.35 

Combined Power (maximal Ratio) *13.63 * 13.75 

[0041] The power control algorithm can be evaluated after 
averaging the performance over the complete duration of 
fading. However, under fading situations, it may be adequate 
to achieve a speci?ed probability error only over a certain 
speci?ed percentage of time. Such percentage of time is 
termed as the availability and may be speci?ed to be between 
99% and 99.9%, that is, less than 100% availability. With Pa 
denoting the availability as a fraction between Zero and one, 
then the probability of error (P8) with availability Pa is 
denoted by PM. The term P8, a is the average of the probability 
of error averaged over 100><Pa of the time. With dual diver 
sity and power control, the performance is close to that of the 
AWGN channel 99.9% of the time with a degradation of less 
than 1 dB at pe,a:1076. The degradation is smaller at higher 
values of PM. By comparison, without power control and no 
diversity, PM is approximately equal to 0.1 even at (Eb/NO) of 
15 dB. With power control, even without diversity, PM is in 
the range of 1073 to 1072, as is required with coded systems, 
and can be obtained with reasonable values of Eb/NO. 

[0042] In the case of CDMA systems, the performance is 
determined primarily by the self noise of the system and a few 
dB increase in the transmitted power level may be insigni? 
cant. In this case, the results should be compared on the basis 
of the total received power level rather than in terms of the 
transmitted power. In that case, there is no signi?cant perfor 
mance degradation in comparison to AWGN channel when 
L§2.Also for the case of L:1 , the degradation is smaller than 
a dB for P821073. 
[0043] The power control system of the invention can be 
applied to all fading communication channels involving sig 
ni?cant propagation delays, such as satellite channels. The 
power control system also provides improvement to the per 
formance of the terrestrial communication systems such as 
CDMA cellular networks by taking into account the propa 
gation delay and other nonideal effects in the adaptive algo 
rithm. Besides communication systems, power control can be 
used in other systems, such as, command and tracking sys 
tems. The power control determines the transmitted power on 
the basis of a measurement of the received power levels over 
the individual diversity branches. Using power control, the 
overall performance is very close to the performance of a 
system without any fading. For example, when dual or triple 
diversity is used with equal power over all the diversity 
branches, the performance is within a fraction of a dB of the 
performance of a nonfading channel for a P8 of 1076 or 
higher. The receiver can use a simpler switched diversity 
combining with the average received power level at the diver 
sity combiner output equal to the power level for the nonfad 
ing case. The residual loss due to fading is about 1 dB for the 
switched diversity with a P8 of 1076 or higher. In the CDMA 
systems, the total received power from all users is used in 
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determining the system performance rather than the transmit 
ter power level, such as the ground terminal poWer level in the 
case of uplink, as in these systems, When the thermal noise is 
insigni?cant as compared to the self noise, then only the 
relative poWer level of various users at the receiver input is 
important and not hoW much poWer needs to be transmitted to 
achieve such a relative poWer level. For example, all of the 
transmitters in the CDMA system may change their poWer 
level by a constant factor Without changing the performance 
as long as the thermal noise poWer remains negligible. Thus 
the criteria used in this example seems to be the most appli 
cable to the CDMA systems and the penalty for fading is 
reduced to about 1 dB for a P8 of 10’6 or higher When 
sWitched combining is used With L:2 or 3. The difference is 
negligible When a more optimal combining technique, such as 
equal gain or maximal ratio combining is used, shoWing that 
in the CDMA systems operating in the self-interference 
dominated regime, the poWer controlled architecture and 
algorithm completely eliminate any degradation in perfor 
mance due to channel fading even When signi?cant round trip 
delay is incurred in the channel measurements. 

[0044] In TDMA and FDMA systems, Which are not self 
interference limited, performance improvements may be on 
the basis of the total poWer transmitted. Such a comparison 
naturally includes the loss in the fading channel, Where higher 
transmission poWer is necessary to counter higher losses in 
the channel in order to receive the same average receive 
poWer in both the fading and nonfading channels. In this 
comparison for the case of equal average poWer over all 
diversity channels, the average transmitted poWer over any of 
the diversity channels is set equal to the poWer transmitted 
over the nonfading channel and then the P8 is compared for 
the tWo cases. For the case of L:3 and using maximum sWitch 
diversity or equal gain combining, the fading channel case is 
slightly better than the AWGN case, Which is the reference 
nonéfading channel case Without diversity, for a P8 equal to 
10 or Worse, and is slightly Worse for loWer value of P8. If the 
maximal ratio combining is used, the result is better than the 
AWGN case by about 1 dB for a P8 equal to 10’8 or higher. 
For the case of dual diversity, there is a degradation of about 
2 dB for a P8 equal to 10’8 or higher. As another example, 
When the average poWer received over different diversity 
channels is different due to different diversity channel poWer 
gains, the relative residual degradation due to fading is rela 
tively small. For example, With relative poWer levels of [0 — 3 
— 5] dB over the three diversity channels, the performance is 
Within 1 dB of the performance of the AWGN channel for a P8 
equal to 10’ 6 or higher. 

[0045] WithpoWer control and explicit or implicit diversity, 
the residual loss due to fading can be made negligible. The 
residual loss occurs due to the outliers present in the prob 
ability density function of the received poWer level. The 
received poWer level averaged over a sampling period TS 
under the poWer control is Within 1 dB or smaller of the mean 
poWer level With high probability even Without any diversity. 
There are hoWever occasional outliers such that the instanta 
neous poWer can deviate from the mean signi?cantly albeit 
With a relatively small probability. In fading channels, the 
performance is often speci?ed in terms of the link availability. 
For example, the speci?cation may be a P8 value of l 0’5 With 
at least 99.9% availability. If availability is interpreted as the 
period excluding the period When the outliers are present, 
then a comparison of the performance can also be made on 
that basis. As an example of such a comparison, the perfor 
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mance of the dual diversity fading channels is Within 1 dB of 
the AWGN case With an availability of 99.9% even When the 
comparison is made on the basis of the transmitted rather than 
the received poWer level. As an interesting comparison, the 
dual diversity system Without poWer control requires about 7 
dB higher (Eb/NO) than the AWGN case for a P8 equal to 10’4 
or higher even With a 99% availability. A P8 in the range of 
10 or loWer, is not achievable With any reasonable value of 
(E b/N 0) With dual diversity and Without poWer control. 
[0046] For the TDMA and FDMA systems, Wherein the 
comparison is performed in terms of the transmitted poWer 
rather than the received poWer, triple diversity results in the 
same or better performance than the AWGN channel case for 
a P8 of 10’8 or higher. The residual penalty for the dual 
diversity case is about 2 dB for relatively loW values of P8 of 
10’6 even When the relative poWer level of the diversity 
channel is 3 dB smaller than the main channel, and much 
smaller for higher values of P8. Without any diversity present, 
a similar insigni?cant penalty results but With less than 100% 
availability, for example, a 99.9% availability. Note that for 
the 3coded systems, a relatively higher value of P8 of 10’2 to 
10 is of interest Whereas for the uncoded systems, a loWer 
value of P8 in the range 10’ 6 to 10’ 8 is generally required. For 
the CDMA systems, Without any diversity, the residual pen 
alty is reduced to less than 1 dB for a P8 of l 0’3 or higher With 
the poWer control algorithm of the paper. The residual penalty 
due to fading is reduced to a negligible value When a second 
order explicit or implicit diversity is available. Such results 
are achieved even in the presence of signi?cant round trip 
propagation delay incurred in obtaining the received poWer 
level measurements at the transmitter With Rayleigh fading, 
Which is relatively Worse case of fading. For other less severe 
fading conditions such as the Rician fading, the performance 
may be further improved. Those skilled in the art can make 
enhancements, improvements, and modi?cations to the 
invention, and these enhancements, improvements, and 
modi?cations may nonetheless fall Within the spirit and scope 
of the folloWing claims. 

What is claimed is: 
1. A system for maintaining constant poWer levels of 

received uplink signals communicated through an uplink 
channel having a time variable channel gain, the system com 
prising, 

an uplink transmitter for transmitting uplink signals 
through the uplink channel, the uplink signals having an 
adjusted poWer level adjusted by an adaptive poWer ref 
erence, 

an uplink receiver for receiving the uplink signals as the 
received uplink signals and for generating poWer mea 
surement signals, 

a doWnlink transmitter for transmitting doWnlink signals 
through a doWnlink channel, the doWnlink signals con 
taining the poWer measurement signals, 

a doWnlink receiver for receiving the doWnlink signals and 
for generating received poWer measurement signals, and 

a poWer controller for receiving a poWer reference and the 
received poWer measurement signals and for generating 
the adaptive poWer reference through a prediction of the 
time variable channel gain at a future time de?ned by a 
round trip time delay betWeen transmitting the uplink 
signals and receiving the doWnlink signals. 

2. The system of claim 1 Wherein, 
the uplink channel and doWnlink channel are the doWnlink 

channel and the uplink channel, respectively. 



US 2008/0102873 A1 

3. The system of claim 1 wherein, 
the round trip delay time is predetermined. 
4. The system of claim 1 for further determining the round 

trip delay time from the generation of the uplink signal and 
reception of the doWnlink signals. 

5. The system of claim 1 Wherein the poWer controller 
comprises, 

a controller delay for delaying the adaptive poWer level 
reference by the round trip time delay for generating a 
delayed adaptive poWer reference signal, 

an adder for subtracting the delayed adaptive poWer refer 
ence from the received poWer measurement signals for 
generating adaptive poWer measurement signals, 

a predictor for receiving the adaptive poWer measurement 
signals and generating a predicted adaptive poWer ref 
erence signal, and 

an adder for subtracting the predicted adaptive poWer ref 
erence signal from the poWer reference for generating 
the adaptive poWer reference. 

6. The system of claim 5 Wherein the predictor comprises, 
a ?rst delay line for receiving the adaptive poWer measure 
ment signals and generating ?rst delay line adaptive 
poWer measurement signals, 

a predictor delay for delaying by the round trip time delay 
the adaptive poWer measurement signals into delayed 
adaptive poWer measurement signals, 

a second delay line for receiving the delayed adaptive 
poWer measurement signals and generating second 
delay line adaptive poWer measurement signals, 

a calculator for receiving the adaptive poWer measurement 
signals and second delayed adaptive poWer measure 
ment signals for generating parameters modeling gain 
variations of the time varying channel gain, and 

a nonlinear predictor for receiving the parameters and the 
?rst delay line adaptive poWer measurement signals for 
generating the predicted adaptive poWer measurement 
signals. 

7. The system of claim 5 Wherein the predictor comprises, 
a smoothing ?lter for ?ltering the adaptive poWer measure 
ment signals into ?ltered adaptive poWer measurement 
signals, 

a ?rst delay line for receiving the ?ltered adaptive poWer 
measurement signals and generating ?rst delay line 
adaptive poWer measurement signals, 

a predictor delay for delaying by the round trip time delay 
the ?ltered adaptive poWer measurement signals into 
delayed adaptive poWer measurement signals, 

a second delay line for receiving the delayed adaptive 
poWer measurement signals and generating second 
delay line adaptive poWer measurement signals, 

a calculator for receiving the adaptive poWer measurement 
signals and the ?ltered adaptive poWer measurement 
signals and the second delayed adaptive poWer measure 
ment signals for generating parameters modeling gain 
variations of the time varying channel gain, and 

a nonlinear predictor for receiving the parameters and the 
?rst delay line adaptive poWer measurement signals for 
generating the predicted adaptive poWer measurement 
signals. 

8. The smoothing ?lter of claim 7 Wherein, 
the smoothing ?lter is a ?rst order recursive ?lter. 
9. The predictor of claim 7 Wherein, 
the calculator applies an exponentially data Weighted 

recursive least square algorithm upon a state vector com 
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prising the exponential poWers of the second delay line 
adaptive poWer measurement signals and the ?ltered 
adaptive poWer measurement signals and the adaptive 
poWer measurement signals for generating the param 
eters for de?ning in a logarithmic scale the time varying 
channel gain in logarithmic scale, the parameters being 
recursively updated over time. 

10. The nonlinear predictor of claim 7 Wherein, 
the calculator applies an exponentially data Weighted 

recursive least square algorithm upon a state vector com 
prising the exponential poWers of the second delay line 
adaptive poWer measurement signals and the ?ltered 
adaptive poWer measurement signals and the adaptive 
poWer measurement signals for generating the param 
eters for de?ning in a logarithmic scale the time varying 
channel gain in logarithmic scale, the parameters being 
recursively updated over time, and 

the predictor predicts the predicted adaptive poWer refer 
ence level by computing an inner product of a parameter 
vector de?ned by the parameters and a state vector com 
prising exponential poWers of the ?rst delay line adap 
tive poWer measurement signals. 

11. The system of claim 1 Wherein the poWer controller 
comprises, 

a controller delay for delaying the adaptive poWer level 
reference by the round trip time delay for generating a 
delayed adaptive poWer reference signal, 

adders for respectively subtracting the delayed adaptive 
poWer reference from the received poWer measurement 
signals for generating respective adaptive poWer mea 
surement signals, 

a bank of predictors for respectively receiving the adaptive 
poWer measurement signals and generating respective 
predicted adaptive poWer reference signals, 

a selector for selecting one of the predicted adaptive poWer 
reference signals as a selected predicted adaptive poWer 
reference signal, and 

an adder for subtracting the selected predicted adaptive 
poWer reference signal from the poWer reference for 
generating the adaptive poWer reference. 

12. The system of claim 11 Wherein, 
the selected predicted adaptive poWer reference signal is a 

one of the predicted adaptive poWer measurement sig 
nals, the selection a selection function selected from the 
group consisting of maximum, minimum, average, and 
Weighted average. 

13. The bank of predictors of claim 11, Wherein each of the 
predictors receives one of the adaptive poWer measurement 
signals as an adaptive poWer measurement signal, each of the 
predictors comprises, 

a ?rst delay line for receiving the adaptive poWer measure 
ment signals and generating ?rst delay line adaptive 
poWer measurement signals, 

a predictor delay for delaying by the round trip time delay 
the adaptive poWer measurement signals into delayed 
adaptive poWer measurement signals, 

a second delay line for receiving the delayed adaptive 
poWer measurement signals and generating second 
delay line adaptive poWer measurement signals, 
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a calculator for receiving the adaptive power measurement 
signals and second delayed adaptive poWer measure 
ment signals for generating parameters modeling gain 
variations of the time varying channel gain, and 

a nonlinear predictor for receiving the parameters and the 
?rst delay line adaptive poWer measurement signals for 
generating the predicted adaptive poWer measurement 
signals. 

14. The bank of predictors of claim 11, Wherein each of the 
predictors receives one of the adaptive poWer measurement 
signals as an adaptive poWer measurement signal, each of the 
predictors comprises, 

a smoothing ?lter for ?ltering the adaptive poWer measure 
ment signals into ?ltered adaptive poWer measurement 
signals, 

a ?rst delay line for receiving the ?ltered adaptive poWer 
measurement signals and generating ?rst delay line 
adaptive poWer measurement signals, 
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a predictor delay for delaying by the round trip time delay 
the ?ltered adaptive poWer measurement signals into 
delayed adaptive poWer measurement signals, 

a second delay line for receiving the delayed adaptive 
poWer measurement signals and generating second 
delay line adaptive poWer measurement signals, 

a calculator for receiving the adaptive poWer measurement 
signals and the ?ltered adaptive poWer measurement 
signals and the second delayed adaptive poWer measure 
ment signals for generating parameters modeling gain 
variations of the time varying channel gain, and 

a nonlinear predictor for receiving the parameters and the 
?rst delay line adaptive poWer measurement signals for 
generating the predicted adaptive poWer measurement 
signals. 


