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TRANSMITTER AND RECEIVER TRACKING 
TECHNIQUES FOR USER DEVICES INA 

MIMO NETWORK 

FIELD 

The present disclosure relates to multiple input multiple 
output (MIMO) networks, and more particularly to transmis 
sion and reception of timing of signals in a MIMO network. 

BACKGROUND 

The background description provided herein is for the pur 
pose of generally presenting the context of the disclosure. 
Work of the presently named inventors, to the extent the work 
is described in this background section, as well as aspects of 
the description that may not otherwise qualify as prior art at 
the time offiling, are neither expressly nor impliedly admitted 
as prior art against the present disclosure. 
A wireless MIMO network may include one or more base 

stations and numerous client devices, such as cellular phones, 
computers, notepads, tablets, personal data assistants and 
other mobile devices. In a wireless MIMO network, time 
division multiple access (TDMA) based medium access con 
trol is used. TDMA allows multiple client devices to share the 
same frequency channel by allocating respective time slots to 
each of the client devices. A base station may control timeslot 
allocation of the client devices. Each of the client devices 
exchanges data with the base station in the timeslots allocated 
for that client device. 

Since the client devices are mobile and thus move between 
locations, distances between the base station and the client 
devices changes, as well as characteristics of transmission 
mediums between the base station and the client devices. The 
characteristics of the transmission mediums may include, for 
example, signal attenuation and interference. As a result, 
signal quality (or signal strength) can be negatively affected 
due to propagation advances and/or delays of signals trans 
mitted between the base station and the client devices. 

SUMMARY 

A computer-implemented technique of tuning at least one 
of a receiver and a transmitter of a client device is provided. 
The technique includes at least one of (i) receiving a first pilot 
signal from a base station via the receiver of the client device, 
and (ii) transmitting a second pilot signal from the client 
device to the base station via the transmitter of the client 
device. The technique may include determining, via one of a 
physical layer device (PHY) and a medium access controller 
(MAC) of the client device, first time differences and first 
signal quality values for Nsamples of N respective packets in 
the first pilot signal, where N is an integer greater than 1. The 
technique may include receiving second time differences and 
second signal quality values from the base station via the 
receiver of the client device. The second time differences and 
second signal quality values are generated for M samples of 
M respective packets in the second pilot signal at the base 
station, where M is an integer greater than 1. 
The technique further includes comparing each of the first 

time differences or the second time differences to a prese 
lected amount of time in one of the PHY and the MAC. For 
each of the first time differences or the second time differ 
ences that is less than or equal to the preselected amount of 
time, a complex number is generated based on (i) the corre 
sponding first time difference or second time difference, and 
(ii) one of the first signal quality values and second signal 
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2 
quality values. The complex numbers are weighted with 
respective ones of the first signal quality values or second 
signal quality values. An offset value is determined based on 
the weighted complex numbers via one of the PHY and the 
MAC. The technique further includes adjusting, via the PHY 
and based on the offset value, at least one of (i) an activation 
time or a deactivation time of the receiver of the client device, 
and (ii) a transmission time, an activation time or a deactiva 
tion time of the transmitter of the client device. 

In other features, a computer-implemented technique is 
provided fortuning at least one of a receiver and a transmitter 
of a client device. The technique includes at least one of (i) 
receiving a first pilot signal from a base station via the 
receiver of the client device, and (ii) transmitting a second 
pilot signal from the client device to the base station via the 
transmitter of the client device. The technique may include 
determining, via one of a PHY and a MAC of the client 
device, first time differences and first signal quality values for 
N samples of N respective packets in the first pilot signal, 
where N is an integer greater than 1. 
The technique may further include receiving second time 

differences and second signal quality values from the base 
station via the receiver of the client device. The second time 
differences and second signal quality values are generated for 
Msamples of M respective packets in the second pilot signal 
at the base station, where M is an integer greater than 1. An 
offset value is determined, via one of the PHY and the MAC, 
based on (i) the first time differences and the first signal 
quality values, or (ii) the second time differences and the 
second signal quality values. The technique further includes 
adjusting, via the PHY and based on the offset value, at least 
one of (i) an activation time or a deactivation time of the 
receiver of the client device, and (ii) a transmission time, an 
activation time or a deactivation time of the transmitter of the 
client device. 

In other features, a computer-implemented technique of 
tuning at least one of a receiver and a transmitter of a client 
device is provided. The technique includes receiving a pilot 
signal from the client device via a receiver of a base station. 
The pilot signal is sampled to determine receive times for N 
samples of N respective packets in the pilot signal via the 
receiver of the base station, where N is an integer greater than 
1. The technique further includes determining, via one of a 
physical layer device (PHY) and a medium access controller 
(MAC), parameters including (i) time differences between 
the receive times and respective predetermined allocation 
times for each of the Nsamples, and (ii) determining a signal 
quality value for each of the N samples using one of the PHY 
and the MAC. The signal quality values are determined signal 
strengths of the pilot signal. The parameters are transmitted to 
the client device to adjust at least one of (i) activation times or 
deactivation times of a receiver of the client device, and (ii) 
transmission times, activation times or deactivation times of 
the transmitter of the client device. 

In other features, a computer-implemented method of tun 
ing a receiver of a client device is provided. The method 
includes receiving a pilot signal from a base station via the 
receiver of the client device. Time differences and signal 
quality values are determined, via one of a physical layer 
device (PHY) and a medium access controller (MAC) of the 
client device, for N samples of N respective packets in the 
pilot signal, where N is an integer greater than 1. An offset 
value is determined, via one of the PHY and the MAC, based 
on the time differences and the signal quality values. The 
method further includes adjusting, via the PHY and based on 
the offset value, an activation time or a deactivation time of 
the receiver of the client device. 
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In other features, a computer-implemented method of tun 
ing a transmitter of a client device is provided. The method 
includes transmitting a pilot signal from the client device to a 
base station via the transmitter of the client device. Time 
differences and signal quality values are received from the 
base station via the receiver of the client device. The time 
differences and signal quality values are generated for M 
samples of M respective packets in the pilot signal at the base 
station, where M is an integer greater than 1. An offset value 
is determined, via one of the PHY and the MAC, based on the 
time differences and the signal quality values. The method 
further includes adjusting, via the PHY and based on the 
offset value, at least one of a transmission time, an activation 
time or a deactivation time of the transmitter of the client 
device. 

In other features, a computer-implemented method of tun 
ing a receiver of a client device is provided. The method 
includes receiving a pilot signal from the client device via a 
receiver of a base station. The pilot signal is sampled to 
determine receive times for Nsamples of N respective pack 
ets in the pilot signal via the receiver of the base station, where 
N is an integer greater than 1. The method further includes 
determining, via one of a physical layer device (PHY) and a 
medium access controller (MAC), parameters including: (i) 
time differences between the receive times and respective 
predetermined allocation times for each of the Nsamples; and 
(ii) determining a signal quality value for each of the N 
samples using one of the PHY and the MAC. The signal 
quality values are determined signal strengths of the pilot 
signal. The parameters are transmitted to the client device to 
adjust activation times or deactivation times of the receiver of 
the client device. 

In other features, a computer-implemented method of tun 
ing a transmitter of a client device is provided. The method 
includes receiving a pilot signal from the client device via a 
receiver of a base station. The pilot signal is sampled to 
determine receive times for Nsamples of N respective pack 
ets in the pilot signal via the receiver of the base station, where 
N is an integer greater than 1. The method further includes 
determining, via one of a physical layer device (PHY) and a 
medium access controller (MAC), parameters including: (i) 
time differences between the receive times and respective 
predetermined allocation times for each of the Nsamples; and 
(ii) determining a signal quality value for each of the N 
samples using one of the PHY and the MAC. The signal 
quality values are determined signal strengths of the pilot 
signal. The parameters are transmitted to the client device to 
adjust transmission times, activation times or deactivation 
times of the transmitter of the client device. 

Further areas of applicability of the present disclosure will 
become apparent from the detailed description, the claims 
and the drawings. The detailed description and specific 
examples are intended for purposes of illustration only and 
are not intended to limit the scope of the disclosure. 

BRIEF DESCRIPTION OF DRAWINGS 

The present disclosure will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 is a functional block diagram of a wireless MIMO 
network in accordance with the present disclosure; 

FIG. 2 is a functional block diagram of a portion of the 
wireless MIMO network of FIG. 1; 

FIG. 3 is a functional block diagram of a base station 
tracking module in accordance with the present disclosure; 
and 
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4 
FIG. 4 is a functional block diagram of a client tracking 

module in accordance with the present disclosure; 
FIG.5 is a flow chart of a signal timing technique including 

client receiver tuning in accordance with the present disclo 
Sure; and 

FIG. 6 is a flow chart of a signal timing technique including 
client receiver and transmitter tuning in accordance with the 
present disclosure. 

DESCRIPTION 

In FIG. 1, a functional block diagram of a wireless MIMO 
network 10 is shown. The wireless MIMO network 10 
includes one or more base stations (one base station 12 is 
shown) and multiple client devices 14. The base station 12 
and the client devices 14 operate to adjust activation and 
deactivation times of receivers and transmitters of the client 
devices 14. This includes adjusting reception and transmis 
sion timing of the client devices 14. Examples of receivers 
and transmitters of a client device are shown in FIG. 2. 
The base station 12 and the client devices 14 operate to 

adjust activation and deactivation timing of the receivers of 
the client devices 14, transmission timing of the transmitters 
of the client devices 14, and activation and deactivation tim 
ing of the transmitters of the client devices 14. As an example, 
when a client device moves away from a base station, a 
propagation delay may be introduced and/or the transmission 
medium between the client device and the base station may 
change. To compensate for the propagation delay, transmis 
sion times and reception times of the client device may be 
adjusted. For example, the transmitter of the client device 
may transmit earlier to account for the introduced propaga 
tion delay such that the transmitted signal arrives at the base 
stationatan appropriate time. Activation of the receiver of the 
client device may be delayed to account for the increased time 
for a signal to be transmitted from the base station to the client 
device. This prevents the receiver from being activated too 
early and conserves power by minimizing the amount of time 
the receiver is activated. 

Transmitter and receiver timing of the client devices 14 are 
adjusted for compound signals transmitted from the client 
devices 14 to the base station 12 and transmitted from the base 
station 12 to the client devices 14. The compound signals may 
be time division multiple access (TDMA) signals. Each of the 
compound signals may include a data signal (e.g., user data 
signal) and a pilot (or reference) signal. The compound sig 
nals may also be transmitted between the base station 12 and 
the client devices 14 in television (TV) whitespace at, for 
example, 600-800 MHz or at other whitespace or signal trans 
mission frequencies and/or frequency ranges. The other sig 
nal transmission frequency ranges may be suitable for trans 
mission of TDMA signals in a MIMO network between a 
base station and client devices. 
The base station 12 and each of the client devices 14 may be 

spread spectrum devices that transmit signals to each other 
using one or more antennas and receive via respective wide 
band receivers. The base station 12 may transmit using mul 
tiple antennas to communicate with one or more of the client 
devices 14 at the same time. Each of the client devices 14 may 
communicate using one or more antennas. Signals transmit 
ted between the base station 12 and the client devices 14 may 
be transmitted over available TV whitespace frequencies (or 
available TDMA frequencies), which is referred to as a chan 
nel. The channel may include all available and/or selected TV 
whitespace frequencies unused by TV broadcast providers. 
The base station 12 and each of the client devices 14 may 
communicate with each other via the channel using all or a 
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Subset of the frequencies assigned to the channel. The same 
data (or content) may not be transmitted over each of the 
assigned frequencies, but rather may be spread across the 
assigned frequencies and transmitted from the base station 12 
and received by each of the client devices 14. Each of the 
client devices 14 may transmit data over the assigned fre 
quencies to the base station 12. 
The base station (BS)12 includes a BS tracking module 16 

that divides transmission time allocated to the client devices 
14 into frames. Each of the frames may have, for example, 32 
slots. Each of the slots may have, for example, 64 symbols. 
Each of the symbols may have a symbol period of, for 
example, 17 microseconds. Half of the symbols (or 32 of the 
64 symbols) are used for uplink signals transmitted from the 
client devices to the base station. The other half of the sym 
bols (other 32 of the 64 symbols) are used for downlink 
signals transmitted from the BS 12 to the client devices 14. 
To maintain each of the client devices in a "client active' 

state, two symbols (identified as static symbols) may be allo 
cated for each of the client devices 14. The first static symbol 
is used for uplink transmissions. The second static symbol is 
used for downlink transmission. This allows each of the client 
devices 14 to access a channel shared by the client devices 14 
at least once per frame. 
The BS tracking module 16 tracks compound signals trans 

mitted from each of the client devices 14 to the BS 12 to 
determine parameters associated with these compound sig 
nals. The BS tracking module 16 may also track parameters 
associated with compound signals transmitted from the BS 12 
to the client devices 14. The parameters of the compound 
signals transmitted between the BS 12 and the client devices 
14 may include, for example, arrival times, time differences, 
and signal quality values. The arrival times are times that 
compound signals are received and sampled at the BS 12 
and/or at the client devices 14. The time differences are dif 
ferences between the arrival times and respective allocated 
times of the client devices 14 and/or differences between the 
arrival times and one or more previous adjustment time(s). 
These and other parameters are tracked by the BS tracking 
module 16 and described in further detail below. 
The BS tracking module 16 may perform client receiver 

and/or client transmitter tuning based on the parameters. This 
may include transmitting a pilot signal, a parameters signal, a 
control signal or other signal(s) to the client devices 14 and/or 
receiving a pilot signal and/or parameters from the client 
devices 14. The pilot signals may be transmitted at carrier 
frequencies and modulated with the respective data signals. 
The pilot signals may be used as reference signals by the BS 
12 to determine any of the parameters disclosed herein. 
The client devices 14 may be mobile devices or stationary 

devices. Each of the client devices 14 includes a client track 
ing module 18. Each of the client tracking modules 18 moni 
tors compound signals transmitted from the BS 12 to a respec 
tive one of the client devices 14 to determine parameters 
associated with these compound signals. The parameters may 
include, for example, the arrival times, time differences, and 
signal quality values mentioned above and/or other param 
eters described below. Each of the client tracking modules 18 
may perform client receiver tuning based on pilot signals, 
parameter signals, timing signals, and/or other signals 
received from the BS 12. 
The networks disclosed herein may each be identified as a 

system. For example, the wireless MIMO network 10 may be 
identified respectively as a wireless MIMO system. 

In FIG. 2, a portion 30 of the wireless MIMO network 10 is 
shown. The portion 30 includes the BS 12 and one of the client 
devices 14. The BS 12 includes a BS control module 32, a 
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6 
medium access controller (MAC) 34 and a physical layer 
device (PHY) 36. The BS control module 32 may generate 
packets in the form of data signals (e.g., user data signals) to 
be transmitted to the client device 14 and receive other data 
signals from the client device 14 via the BS MAC 34 and BS 
PHY 36. The BS MAC 34 may include the BS tracking 
module 16 and a BS packet handling module 38. The BS 
tracking module 16 may generate BS pilot signals to be com 
bined with data signals and transmitted as compound signals 
to the client device 14. The BS tracking module 16 may also 
track parameters disclosed herein and perform client receiver 
and/or transmitter tuning as disclosed below. 
The BS packet handling module 38 may perform signal 

conditioning, prepare packets for transmission on a medium 
or over a medium and/or network between the BS 12 and the 
client device 14, and/or prepare packets received from the 
client device 14 for the BS tracking module 16. The BSPHY 
36 may include hardware, such as a BS transmitter 40 and a 
BS receiver 42. 
The client device 14 includes a client control module 44, a 

client MAC 46 and a client PHY 48. The client control mod 
ule 44 may generate packets in the form of data signals to be 
transmitted to the client device 14 and receive other data 
signals from the client device 14 via the client MAC 46 and 
client PHY 48. The client MAC 46 may include the client 
tracking module 18 and a client packet handling module 50. 
The client tracking module 18 may generate client pilot sig 
nals to be combined with data signals and transmitted as 
compound signals to the BS 12. The client tracking module 
18 may also track parameters disclosed herein and perform 
client receiver and transmitter tuning as disclosed below. 
The client packet handling module 50 may perform signal 

conditioning, prepare packets for transmission on the 
medium or over a network between the BS 12 and the client 
device 14, and/or prepare packets received from the base 
station for the client tracking module 18. The client PHY 48 
may include hardware, such as a client transmitter 52 and a 
client receiver 54. 

Although the BS tracking module 16 is shown in the BS 
MAC 34, the BS tracking module 16 and/or one or more 
module(s) of the BS tracking module 16 may alternatively be 
included in the BS PHY 36. Similarly, although the client 
tracking module 18 is shown in the client MAC 46, the client 
tracking module 18 and/or one or more module(s) of the client 
tracking module 18 may alternatively be included in the client 
PHY 48. 

Referring now also to FIGS. 3-4, the BS tracking module 
16 and the client tracking module 18 are shown. The BS 
tracking module 16 may include a BS pilot generating mod 
ule 100, a BS sample timing module 102, and a BS memory 
104. The client tracking module 18 may include a client 
sampling module 106, a client propagation module 108, a 
client difference module 110, a client signal quality module 
112, a client weight module 114, a client complex number 
module 116, a client summation module 118, an client offset 
module 120, a client receiver timing module 122, a client time 
adjustment module 124, and a client memory 126. 

Although the BS memory 104 is shown as being included 
in the BS tracking module 16, the BS memory 104 may be 
included in the BS control module 32, the BSMAC34, and/or 
the BS PHY 36. The BS memory 104 may be separate from 
the BS 12, the BS tracking module 16, the BS control module 
32, the BS MAC 34 and/or the BS PHY 36 and accessed 
accordingly. Also, although the client memory 126 is shown 
as being included in the client tracking module 18, the client 
memory 126 may be included in the client control module 44, 
the client MAC 46, and/or the client PHY 48. The client 
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memory 126 may be separate from the client device 14, the 
client tracking module 18, the client control module 44, the 
client MAC 46 and/or the client PHY48 and accessed accord 
ingly. 

The above-described wireless MIMO network 10 may be 
operated using numerous techniques, example techniques (or 
computer-implemented methods or algorithms) are provided 
in FIGS. 5 and 6. In FIG. 5, a signal timing technique includ 
ing client receiver tuning is shown. Although the following 
tasks are primarily described with respect to the implemen 
tations of FIGS. 1-4, the tasks may be easily modified to apply 
to other implementations of the present disclosure. The tasks 
may be iteratively performed. Any of the values used and/or 
determined in the following tasks may be stored in the client 
memory 126 and/or accessed by any of the modules and 
devices of the client device 14. The technique may begin at 
2OO. 
At 202, the BS 12 may generate a compound signal COM 

Ps including a data signal and a pilot signal PilotBS with 
corresponding packets via the BS tracking module 16, the BS 
control module 32 and the BS pilot generating module 100. 
The BS tracking module 16 may combine the data signal and 
the pilot signal PilotBS to form the compound signal COM 
Ps. At 204, the compound signal COMPs is transmitted 
from the BS 12 to the client device 14. 
At 206, the client sampling module 106, the client MAC 46 

and/or the client PHY 48 may receive and sample the com 
pound signal COMPs to generate a sample at each of times 
t-t (referred to as arrival or receive times t-ti), where n is 
the total number of samples (i.e. signals or packets). The 
client sampling module 106, the client MAC 46 and/or the 
client PHY 48 may sample the compound signal COMPs 
based on a preselected amount of time T. The preselected 
amount of time T may be equal to a period of a frame (e.g., 40 
milliseconds (ms)). The preselected amount of time T may be 
set by, for example, the BS sample timing module 102 and 
transmitted to the client device 14. The preselected amount of 
time T may be included in the pilot signal PilotBS and/or 
stored in the client memory 126. 
At 208, the client propagation module 108, the client MAC 

46 and/or the client PHY 48 compares the sample times t-t, 
to predetermined or allocated times tt, to generate time 
differences D-D, where n is the number of arrival times or 
samples. The allocated times tt, are times allocated to the 
client device 14 by the BS 12 for uplink and downlink of 
signals between the client device 14 and the BS 12. The client 
propagation module 108 may store or have access to a refer 
ence pilot signal and compare the reference pilot signal to the 
pilot signal PilotBS to determine the time differences D-D. 
The time differences D-D may be equal to or based on 
differences (i) between the sample times t-t, and a predeter 
mined time PRED, and/or (ii) between the sample times 
t-t, and respective ones of allocated times t-t. The pre 
determined time PRED may be provided to compare each 
of the sample times t-t, to the same predetermined or refer 
ence time. The allocated times tit, may be stored in the 
client memory 126 and/or received from the BS 12, for 
example, in the data signal or pilot signal PilotBS. 
The time differences D-D may alternatively be equal to 

or based on differences (i) between each of the sample times 
t-t, and a previous adjustment time PA or (ii) between 
each of the sample times t-t, and a respective one of the last 
adjustment times t-t, where X is an integer that may be 
equal to the number of samples n. The previous adjustment 
time PA, identifies a time when an offset value OS, was 
most recently determined by the client offset module 120 
and/or a time when receiver activation or deactivation timing 
was adjusted based on the offset value OS. Each of the last 
adjustment times t-t may: be equal to the previous adjust 
ment time PA: identify a time when the offset value OS 
was most recently determined relative to a corresponding one 
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8 
of the sample times t-t; and/or identify a last time when 
receiver activation or deactivation timing was adjusted based 
on the offset value OS relative to one of the sample timest-t. 
Other example offset values are provided below on which the 
last adjustment times t-t may be determined. 
At 210, the client difference module 110, the client MAC 

46 and/or the client PHY 48 may determine which of the time 
differences D-D, for each of the samples satisfy a predeter 
mined criterion. For example, the client difference module 
110, the client MAC 46 and/or the client PHY 48 may deter 
mine which of the time differences D-D, are less than or 
equal to the preselected amount of time T, which is defined 
above. The client difference module 110, the client MAC 46 
and/or the client PHY 48 may determine whether a current 
sample time t (one of the sample times t-t) satisfies one or 
more of equations 1-3. 

t-isT (1) 

PA-ts T (2) 

PRED-isT (3) 

The time differences D-D, that satisfy equation 1 are repre 
sented as time differences D-D. The time differences 
D-D are a Subset of the time differences D-D. 
At 212, the client complex number module 116, the client 

MAC 46 and/or the client PHY 48 determines complex num 
bers C-C based on the time differences D-D. The com 
plex numbers C-C may be represented by equation 4, where 
iis equal to V-1, and each one of the complex numbers C-C, 
has a real part (e.g., cos(D)) and an imaginary part (e.g., 
isin(D)). 

C1, ..., CFCOS(D)+isin(Dx1),....coS(D)+isin 
(Dx,) (4) 

At 214, the client signal quality module 112, the client 
MAC 46 and/or the client PHY 48 determines signal strengths 
(or quality) values S-S (referred to as weights) based on the 
pilot signal PilotBS. The signal quality values S-S may be 
magnitudes that are equal to, proportional to, or determined 
as a function of signal-to-noise ratios (SNRs) (or signal-to 
interference ratios (SIRs)) and a reduced bit error rates 
(BERs), or other signal quality characteristics of the pilot 
signal PilotBS. The client signal quality module 112, the 
client MAC 46 and/or the client PHY 48 may determine the 
signal quality characteristics. 
At 216, the client weight module 114, the client MAC 46 

and/or the client PHY 48 determines weighted values W-W 
based on the complex numbers C-C, and the signal quality 
values S-S. The weighted values W-W may be repre 
sented by equation 5 and/or 6. 

W, ....W.S.C., . . . .S.C., (5) 

W, ..., W., ScoS(D)+isin(D), ... ScoS 
(Dx)+isin(Dx.) (6) 

Samples with a larger (or better) signal quality value may be 
weighted more (larger weight value) than samples with a 
Smaller signal quality value. 
At 218, the client summation module 118, the client MAC 

46 and/or the client PHY 48 determines a sum CS based on 
the weighted values W-W. The sum CS may be represented 
by equation 7 and/or 8. 

CSScoS(D)+isin(D)+...+ScoS(D)+isin 
(Dx.) (8) 

When using equations 7 and 8, the cosine terms of the com 
plex numbers may be summed to provide a cosine sum and 
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the sine terms of the complex numbers may be Summed to 
provide a sine Sum. The Sum CS may be equal to a sum of the 
cosine sum and the sine Sum. 

At 220, the client offset module 120, the client MAC 46 
and/or the client PHY 48 determines a propagation advance 
period or a propagation delay period, which may be equal to 
the offset value OS. The offset value OS may be deter 
mined using equation 9, where K is a constant, which may be 
a predetermined value and/or set by a control module of the 
client device 14. 

OS-Karg(CS) (9) 

When using equation 9, the client offset module 120, the 
client MAC 46 and/or the client PHY 48 sets the offset value 
OS, equal to the constant K multiplied by an argument of 
the sum CS. 

At 222, the client receiver timing module 122, the client 
MAC 46 and/or the client PHY 48 may generate a receiver 
signal REC to adjust activation times and/or deactivation 
times of the client receiver 54 based on the offset value OS, 
and/or one of the other parameters used to determine the 
offset value OS. The receiver signal REC may indicate the 
activation and/or deactivation times as receiver timing values 
223. The activation and/or deactivation times of the client 
receiver 54 may be delayed or advanced from current activa 
tion and/or deactivation times by an amount of the offset 
value OS. This delays or advances periods and/or changes 
durations of the periods when the client receiver 54 is receiv 
ing signals from the BS 12. The receiver signal REC may be 
received by the client receiver 54, the client PHY48, and/or a 
control module controlling power to the client receiver 54. 
The control module may be, for example, the client control 
module 44, a control module in the client MAC 46, the client 
PHY 48, or client receiver 54, or another control module. 
At 224, the client time adjustment module 124, the client 

MAC 46 and/or the client PHY 48 determines the previous 
adjustment time PA or one of the last adjustment times t-t. 
The client time adjustment module 124, the client MAC 46 
and/or the client PHY 48 may determine the times PA, t-t 
based on the offset value OS, the receive signal REC, 
and/or times when the offset value OS, and/or the receive 
signal REC were last updated. The times PA, t-t may be set 
equal to a time when the offset signal OS and/or the receive 
signal REC were last updated. Each of the last adjustment 
times t-t may be set equal to a time when the offset value 
OS, or the receive signal REC was last updated relative to a 
corresponding sample time t-t. This provides updated last 
adjustment times which may be used when determining Sub 
sequent time differences. 
As described, the activation and/or deactivation timing of 

the client receiver 54 is adjusted based on and/or as a function 
of various parameters, such as the time differences D-D, the 
time differences D-D, the complex numbers C-C, the 
signal quality values S-S, the weighted values W-W, the 
sum CS and the offset value OS. This activation and deac 
tivation timing adjustment may be performed by the client 
receiver 54 and/or client PHY 48, for example, during each 
frame, periodically, randomly, and/or every predetermined 
number of frames. The activation and deactivation timing 
adjustment delays or advances periods when the client 
receiver is turned ON (active) and is receiving signals from 
the BS 12. 

At 226, the client MAC 46 and/or the client PHY 48 may 
determine whether another signal (e.g., compound signal) is 
received from the BS 12. The method may end at 228 or return 
to task 206 when another signal is received, as shown. 
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10 
Referring now to FIGS. 3, 4 and 6, another signal timing 

technique including client receiver and transmitter tuning is 
shown. The BS tracking module 16 may further include a BS 
sampling module 250, a BS propagation module 252, a BS 
difference module 254, a BS signal quality module 256, a BS 
weight module 258, a BS complex number module 260, a BS 
summation module 262, a BS offset module 264, and a BS 
time adjustment module 266. The client tracking module 18 
may further include a client pilot generating module 270 and 
a client transmitter timing module 272. 

Although the following tasks are primarily described with 
respect to the implementations of FIGS. 1-4, the tasks may be 
easily modified to apply to other implementations of the 
present disclosure. The tasks may be iteratively performed. 
Any of the values used and/or determined in the following 
tasks may be stored in the memories 104,126 and/or accessed 
by any of the modules and devices of the BS 12 and/or client 
device 14. The technique may begin at 300. 
At 302, the client device 14 may generate a compound 

signal COMP including a data signal and a pilot signal 
PilotCD with corresponding packets via the client tracking 
module 18, client control module 44 and the client pilot 
generating module 270. The client tracking module 18 may 
combine the data signal and the pilot signal PilotCD to form 
the compound signal COMP. At 304, the compound signal 
COMP is transmitted from the client device 14 to the BS 
12. 
At 306, the BS sampling module 250, the BS MAC 34 

and/or the BSPHY 36 may receive and sample the compound 
signal COMP to generate a sample at each of times t-t, 
(referred to as arrival or receive times t-ti), where m is the 
total number of samples (i.e. signals or packets). The BS 
sampling module 250, the BS MAC 34 and/or the BSPHY 36 
may sample the compound signal COMP based on the 
preselected amount of time T, which is defined above. The 
preselected amount of time T may be set by, for example, the 
BS sample timing module 102. The preselected amount of 
time T may be stored in the BS memory 104. 
At 308, the BS propagation module 252, the BS MAC 34 

and/or the BS PHY 36 compares the sample times t-t, to 
predetermined or allocated times t-t, to generate time 
differences D-D, where m is the number of arrival times or 
samples. The client propagation module 108 may store or 
have access to a reference pilot signal and compare the ref 
erence pilot signal to the pilot signal PilotBS to determine the 
time differences D-D. The time differences D-D may be 
equal to or based on differences (i) between the sample times 
t-ti, and a predetermined time PREDs and/or (ii) between 
the sample times t-t, and respective ones of allocated times 
t-t. The predetermined time PREDs may be provided to 
compare each of the sample times t-t, to the same predeter 
mined or reference time. The allocated times t-t may be 
stored in the BS memory 104. The allocated times t-t, are 
times allocated to the client device 14 by the BS 12 for uplink 
and downlink of signals between the client device 14 and the 
BS 12. 
The time differences D-D may alternatively be equal to 

or based on differences (i) between each of the sample times 
t-t, and a previous adjustment time PAs or (ii) between 
each of the sample times t-t, and a respective one of last 
adjustment timest-t, where Y is an integer that may be equal 
to the number of samples m. The previous adjustment time 
PAs identifies a time when an offset value OSs was most 
recently determined by the BS 12. Each of the last adjustment 
times t-t may: be equal to the previous adjustment time 
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PAs, and/or identify a time when the offset value OSs was 
most recently determined relative to a corresponding one of 
the sample times t-t. 

At 310, the BS difference module 254, the BS MAC 34 
and/or the BS PHY 36 may determine which of the time 
differences D-D, for each of the samples satisfy a predeter 
mined criterion. For example, the BS difference module 254, 
the BS MAC 34 and/or the BSPHY 36 may determine which 
of the time differences D-D, are less than or equal to the 
preselected amount of time T, which is defined above. The BS 
difference module 254, the BS MAC 34 and/or the BSPHY 
36 may determine whether a current sample time t (one of the 
sample times t-ti) satisfies one or more of equations 10-12. 

t-isT (10) 

PAS-isT (11) 

PREDs-ts T (12) 

The time differences D-D, that satisfy equation 1 are repre 
sented as time differences D-D. The time differences 
D-D, are a Subset of the time differences D-D. 
At 312, the BS complex number module 260, the BSMAC 

34 and/or the BS PHY 36 determines complex numbers 
C-C based on the time differences D-D. The complex 
numbers C-C may be represented by equation 13, where i is 
equal to V-1, and each one of the complex numbers C-C has 
a real part (e.g., cos(D)) and an imaginary part (e.g., it sin 
(D)). 

C1, ..., C-cos(D-1)+isin(D), ... cos(D)+isin 
(13) 

At 314, the BS signal quality module 256, the BS MAC 34 
and/or the BS PHY 36 determines signal strengths (or qual 
ity) values S-S (referred to as weights) based on the pilot 
signal PilotCD. The signal quality values S-S may be mag 
nitudes that are equal to, proportional to, or determined as a 
function of SNRs, BERs, SIRs, or other signal quality char 
acteristics of the pilot signal PilotCD. The BS signal quality 
module 256, the BS MAC 34 and/or the BS PHY 36 may 
determine the signal quality characteristics. 

At 316, the BS weight module 258, the BS MAC 34 and/or 
the BSPHY 36 determines weighted values W-W based on 
the complex numbers C-C and the signal quality values 
S-S. The weighted values W-W may be represented by 
equation 14 and/or 15. 

W, ..., WSC, ... SC (14) 

W, ..., W.F.ScoS(D)+isin(D), ... ScoS 
(D)+isin(D) (15) 

Samples with a larger (or better) signal quality value may be 
weighted more (have a larger weight value) than samples with 
a smaller signal quality value. 

At 318, the BS Summation module 262, the BS MAC 34 
and/or the BS PHY 36 determines a Sum CS based on the 
weighted values W-W. The sum CS may be represented by 
equation 16 and/or 17. 

CS=W+W,+... + W. (16) 

CSS cos(D-1)+isin(D)+...+ScoS(D)+isin 
(Dr.) 

When using equations 16 and 17, the cosine terms of the 
complex numbers may be summed to provide a cosine Sum 
and the sine terms of the complex numbers may be Summed to 
provide a sine Sum. The Sum CS may be equal to a sum of the 
cosine sum and the sine Sum. 

(17) 
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12 
At 320, the BS offset module 264, the BS MAC 34 and/or 

the BSPHY 36 determines a propagation advance period or a 
propagation delay period, which may be referred to as an 
offset value OSs. The offset value OSs may be determined 
using equation 18, where K is a constant, which may be a 
predetermined value and/or set by a control module of the BS 
12. 

OSs=Karg(CS) (18) 

When using equation 18, the BS offset module 264, the BS 
MAC 34 and/or the BS PHY 36 sets the offset value OSs. 
equal to the constant K multiplied by an argument of the Sum 
CS. 
At 322, the BS time adjustment module 266, the BS MAC 

34 and/or the BSPHY 36 determines the previous adjustment 
time PAs or one of the last adjustment times t-t. The BS 
time adjustment module 266, the BS MAC 34 and/or the BS 
PHY 36 may determine the times PAs, t-t-based on the 
offset value OSs and/or times when the offset value OSs. 
was last updated. The times PAs, t-t may be set equal to a 
time when the offset value OS was last updated. Each of the 
last adjustment timest-tmay be set equal to a time when the 
offset value OSs was last updated relative to a corresponding 
one of the sample times t-t. 
At 324, the above determined parameters, such as the 

receive times t-t, the time differences D-D, time differ 
ences D-D, the complex numbers C-C, the signal qual 
ity values S-S, the weighted values W-W, the offset 
value OSs, the previous adjustment time PAs, and/or the 
last adjustment times t-t may be indicated in a data field of 
the compound signal COMPs, the data signal, and/or the 
pilot signal PilotBS and transmitted to the client device 14. 
The BS 12 may also or alternatively send static symbols in 

each frame transmitted to the client device 14 to provide the 
client device with adjustment values(s) to adjust: the receiver 
activation and/or deactivation times of the client receiver 54; 
transmission times of the client transmitter 52; and/or trans 
mitteractivation and/or deactivation times of the client trans 
mitter 52. In this manner, the BS 12 may instruct the client 
device 14 to perform receiver and/or transmitter tuning. The 
BS tracking module 16 may compute the adjustment value(s) 
when a static symbol to be transmitted to the client device 14 
is generated. Upon receiving packets with the adjustment 
amount(s), the client device 14 tunes the client receiver 54 
and/or client transmitter 52 accordingly, as described below. 
At 326, the client sampling module 106, the client receiver 

54, the client MAC 46 and/or the client PHY 48 may receive 
the compound signal COMPs and/or the static symbols. At 
327, the client MAC 46 and/or the client PHY 48 may per 
form the method of FIG.5 and/or the following tasks based on 
the parameters provided in the compound signal COMPs 
and/or based on the static symbols. This may include deter 
mining an offset value (e.g., the offset value OS or OSs) 
based on the parameters provided at 326. The offset value 
may be determined as described above based on and/or as a 
function of the parameters received from the BS 12 at the 
client device 14; times that packets of the compound signal 
COMPs having the parameters and/or signal quality values 
arrive at the client device 14; a stored previous adjustment 
time PA (e.g., one of the previous adjustment times PA 
PAs); and/or the preselected amount of time T. The previous 
adjustment time PA may identify: a time when an offset value 
was most recently determined; a time when client receiver 
activation and/or deactivation times were last adjusted; a time 
when transmission timing and/or client transmitteractivation 
and/or deactivation times were last adjusted. The previous 
adjustment time PA and the preselected amount of time T may 



US 9,271,171 B1 
13 

be determined by the BS 12 and transmitted to the client 
device 14 or may be determined by and/or stored in the client 
device 14. 
At 328, the client receiver timing module 122, the client 

MAC 46 and/or the client PHY 48 may generate the receiver 
signal REC to adjust receiver activation times and/or receiver 
deactivation times of the client receiver 54 based on one or 
more of the parameters provided in the compound signal 
COMPs and/or based on the static symbols. The receiver 
signal REC may indicate the activation and/or deactivation 
times as the receiver timing values 223. The activation and/or 
deactivation times of the client receiver 54 may be delayed or 
advanced from current activation and/or deactivation times 
by an amount of the offset value determined at 327. This 
delays or advances periods and/or changes durations of the 
periods when the client receiver 54 is receiving signals from 
the BS 12. The receiver signal REC may be received by the 
client receiver 54, the client PHY48, and/or a control module 
controlling power to the client receiver 54. The control mod 
ule may be, for example, the client control module 44, a 
control module in the client MAC 46, the client PHY 48, or 
client receiver 54, or another control module. 
At 330, the client transmitter timing module 272, the client 

MAC 46 and/or the client PHY 48 may generate a transmitter 
signal TRAN to adjust transmission times, an activation time 
and/or deactivation time of the client transmitter 52 based on 
one or more of the parameters provided in the compound 
signal COMPs. The transmitter signal TRAN may indicate 
the transmission times, transmitter activation time and/or 
transmitter deactivation time as transmitter timing values 
331. The transmission times, activation times and/or deacti 
vation times of the client transmitter 52 may be delayed or 
advanced from current respective times by an amount of the 
offset value determined at 327. This delays or advances peri 
ods and/or changes durations of the periods when the client 
transmitter is transmitting signals to the BS 12. 

The adjustment in transmission times, activation times 
and/or deactivation times may be performed by the client 
transmitter 52 and/or client PHY48, for example, during each 
frame, periodically, randomly, and/or every predetermined 
number of frames. The transmitter signal TRAN may be 
received by the client transmitter 52, the PHY 48, and/or a 
control module controlling power to the client transmitter 52. 
The control module may be, for example, the client control 
module 44, a control module in the client MAC 46, the client 
PHY 48, or client transmitter 52, or another control module. 
At 332, the client time adjustment module 124, the client 

MAC 46 and/or the client PHY 48 determines the previous 
adjustment time PA) or one of the last adjustment times 
t-t. The client time adjustment module 124, the client MAC 
46 and/or the client PHY 48 may determine the times PA, t-t 
based on the offset signal determined at 327, the receiver 
signal REC, the transmitter signal TRAN, and/or times when 
the offset value, the receiver signal REC and/or the transmit 
ter signal TRAN were last updated. The times PA, t-t may 
be set equal to a time when the offset value, the receiver signal 
REC and/or the transmitter signal TRAN were last updated. 
Each of the last adjustment times t-t may be set equal to a 
time when the offset signal, the receive signal REC and/or the 
transmitter signal TRAN was last updated relative to a corre 
sponding sample time t-t. This provides updated last adjust 
ment times which may be used when determining Subsequent 
time differences. 

At 334, the BS MAC 34 and/or the BS PHY 36 may 
determine whether another signal is received from the client 
device 14. The method may end at 336 or return to task 306 
when another signal is received, as shown. 
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The above-described tasks of FIGS.5 and 6 are meant to be 

illustrative examples; the tasks may be performed sequen 
tially, synchronously, simultaneously, continuously, during 
overlapping time periods or in a different order depending 
upon the application. Also, any of the tasks may not be per 
formed or skipped depending on the implementation and/or 
sequence of events. 

Further in the above described tasks of FIGS. 5 and 6, the 
client device 14 may request additional symbols (or time 
allocated for the client device 14 in each frame) and/or allo 
cated timeslots. The client device 14 may transmit the request 
to the BS 12 and receive a response signal from the BS 12 
identifying the allocated symbols and/or time slots. The client 
device 14 may then, using the above techniques, determine 
the offset value OS based on parameters associated with 
samples of signals transmitted at times of the additional sym 
bols and/or allocated time slots. 
The techniques described herein account for propagation 

advances and/or delays to maximize signal strength. This 
may include providing an improved SNR, SIR, and/or BER. 
The techniques disclosed include tuning a client receiver and 
a client transmitter. Tuning the client receiver includes adjust 
ing activation and deactivation timing of the receiver. Tuning 
the client transmitter includes adjusting transmission timing 
of the transmitter. This improves signal quality and reliability 
for signals transmitted between a client device and a BS. 
Example embodiments are provided so that this disclosure 

will be thorough, and willfully convey the scope to those who 
are skilled in the art. Numerous specific details are set forth 
Such as examples of specific components, devices, and meth 
ods, to provide a thorough understanding of embodiments of 
the present disclosure. It will be apparent to those skilled in 
the art that specific details need not be employed, that 
example embodiments may be embodied in many different 
forms and that neither should be construed to limit the scope 
of the disclosure. In some example embodiments, well 
known procedures, well-known device structures, and well 
known technologies are not described in detail. 
The terminology used herein is for the purpose of describ 

ing particular example embodiments only and is not intended 
to be limiting. As used herein, the singular forms “a” “an.” 
and “the may be intended to include the plural forms as well, 
unless the context clearly indicates otherwise. The term “and/ 
or includes any and all combinations of one or more of the 
associated listed items. The terms “comprises.” “compris 
ing,” “including, and “having.” are inclusive and therefore 
specify the presence of stated features, integers, steps, opera 
tions, elements, and/or components, but do not preclude the 
presence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. The method steps, processes, and operations 
described herein are not to be construed as necessarily requir 
ing their performance in the particular order discussed or 
illustrated, unless specifically identified as an order of perfor 
mance. It is also to be understood that additional or alternative 
steps may be employed. 

Although the terms first, second, third, etc. may be used 
herein to describe various elements, components, regions, 
layers and/or sections, these elements, components, regions, 
layers and/or sections should not be limited by these terms. 
These terms may be only used to distinguish one element, 
component, region, layer or section from another region, 
layer or section. Terms such as “first.” “second, and other 
numerical terms when used herein do not imply a sequence or 
order unless clearly indicated by the context. Thus, a first 
element, component, region, layer or section discussed below 
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could be termed a second element, component, region, layer 
or section without departing from the teachings of the 
example embodiments. 
As used herein, the term module may refer to, be part of, or 

include: an Application Specific Integrated Circuit (ASIC); 
an electronic circuit; a combinational logic circuit; a field 
programmable gate array (FPGA); a processor or a distrib 
uted network of processors (shared, dedicated, or grouped) 
and storage in networked clusters or datacenters that executes 
code or a process; other Suitable components that provide the 
described functionality; or a combination of some orall of the 
above, such as in a system-on-chip. The term module may 
also include memory (shared, dedicated, or grouped) that 
stores code executed by the one or more processors. 
The term code, as used above, may include Software, firm 

ware, byte-code and/or microcode, and may refer to pro 
grams, routines, functions, classes, and/or objects. The term 
shared, as used above, means that some or all code from 
multiple modules may be executed using a single (shared) 
processor. In addition, Some or all code from multiple mod 
ules may be stored by a single (shared) memory. The term 
group, as used above, means that some or all code from a 
single module may be executed using a group of processors. 
In addition, some or all code from a single module may be 
stored using a group of memories. 
The techniques described herein may be implemented by 

one or more computer programs executed by one or more 
processors. The computer programs include processor-ex 
ecutable instructions that are stored on a non-transitory tan 
gible computer readable medium. The computer programs 
may also include stored data. Non-limiting examples of the 
non-transitory tangible computer readable medium are non 
Volatile memory, magnetic storage, and optical storage. 
Some portions of the above description present the tech 

niques described herein in terms of algorithms and symbolic 
representations of operations on information. These algorith 
mic descriptions and representations are the means used by 
those skilled in the data processing arts to most effectively 
convey the substance of their work to others skilled in the art. 
These operations, while described functionally or logically, 
are understood to be implemented by computer programs. 
Furthermore, it has also proven convenient at times to refer to 
these arrangements of operations as modules or by functional 
names, without loss of generality. 

Unless specifically stated otherwise as apparent from the 
above discussion, it is appreciated that throughout the 
description, discussions utilizing terms such as “processing 
or “computing” or “calculating or “determining or "dis 
playing or the like, refer to the action and processes of a 
computer system, or similar electronic computing device, 
that manipulates and transforms data represented as physical 
(electronic) quantities within the computer system memories 
or registers or other Such information storage, transmission or 
display devices. 

Certain aspects of the described techniques include process 
steps and instructions described herein in the form of an 
algorithm. It should be noted that the described process steps 
and instructions could be embodied in software, firmware or 
hardware, and when embodied in software, could be down 
loaded to reside on and be operated from different platforms 
used by real time network operating systems. 

The present disclosure also relates to an apparatus for 
performing the operations herein. This apparatus may be 
specially constructed for the required purposes, or it may 
comprise a general-purpose computer selectively activated or 
reconfigured by a computer program Stored on a computer 
readable medium that can be accessed by the computer. Such 
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a computer program may be stored in a tangible computer 
readable storage medium, Such as, but is not limited to, any 
type of disk including floppy disks, optical disks, CD-ROMs, 
magnetic-optical disks, read-only memories (ROMs), ran 
dom access memories (RAMs), EPROMs, EEPROMs, mag 
netic or optical cards, application specific integrated circuits 
(ASICs), or any type of media suitable for storing electronic 
instructions, and each coupled to a computer system bus. 
Furthermore, the computers referred to in the specification 
may include a single processor or may be architectures 
employing multiple processor designs for increased comput 
ing capability. 
The algorithms and operations presented herein are not 

inherently related to any particular computer or other appa 
ratus. Various general-purpose systems may also be used with 
programs in accordance with the teachings herein, or it may 
prove convenient to construct more specialized apparatuses 
to perform the required method steps. The required structure 
for a variety of these systems will be apparent to those of skill 
in the art, along with equivalent variations. In addition, the 
present disclosure is not described with reference to any 
particular programming language. It is appreciated that a 
variety of programming languages may be used to implement 
the teachings of the present disclosure as described herein, 
and any references to specific languages are provided for 
disclosure of enablement and best mode of the present inven 
tion. 
The present disclosure is well suited to a wide variety of 

computer network systems over numerous topologies. Within 
this field, the configuration and management of large net 
works comprise storage devices and computers that are com 
municatively coupled to dissimilar computers and storage 
devices over a network, such as the Internet. 
The foregoing description of the embodiments has been 

provided for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the disclosure. Individual 
elements or features of a particular embodiment are generally 
not limited to that particular embodiment, but, where appli 
cable, are interchangeable and can be used in a selected 
embodiment, even if not specifically shown or described. The 
same may also be varied in many ways. Such variations are 
not to be regarded as a departure from the disclosure, and all 
such modifications are intended to be included within the 
Scope of the disclosure. 

What is claimed is: 
1. A computer-implemented method of tuning at least one 

of a receiver and a transmitter of a client device, the method 
comprising: 

at least one of (i) receiving a first pilot signal from a base 
station via the receiver of the client device, and (ii) 
transmitting a second pilot signal from the client device 
to the base station via the transmitter of the client device; 

at least one of: 
(i) determining, via one of a physical layer device (PHY) 
and a medium access controller (MAC) of the client 
device, first time differences and first signal quality 
values for Nsamples of N respective packets in the 
first pilot signal, where N is an integer greater than 1; 
and 

(ii) receiving second time differences and second signal 
quality values from the base station via the receiver of 
the client device, wherein the second time differences 
and second signal quality values are generated for M 
samples of M respective packets in the second pilot 
signal at the base station, where M is an integer 
greater than 1; 
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comparing each of the first time differences or the second 
time differences to a preselected amount of time in one 
of the PHY and the MAC: 

for each of the first time differences or the second time 
differences that is less than or equal to the preselected 
amount of time, generating a complex number based on 
(i) the corresponding first time difference or second time 
difference, and (ii) one of the first signal quality values 
and second signal quality values; 

weighting the complex numbers with respective ones of the 
first signal quality values or second signal quality val 
lues: 

determining, via one of the PHY and the MAC, an offset 
value based on the weighted complex numbers; and 

adjusting, via the PHY and based on the offset value, at 
least one of: 
(i) an activation time or a deactivation time of the 

receiver of the client device; and 
(ii) a transmission time, an activation time, or a deacti 

Vation time of the transmitter of the client device. 
2. A computer-implemented method of tuning a receiver of 

a client device, the method comprising: 
receiving a pilot signal from a base station via the receiver 
of the client device: 

sampling the pilot signal to determine receive times for N 
samples via the receiver of N respective packets in the 
pilot signal, where N is an integer greater than 1; 

determining, via one of a PHY and a MAC of the client 
device, time differences between the receive times and 
respective predetermined times of the client device for 
each of the N samples; 

comparing each of the time differences to a preselected 
amount of time in one of the PHY and the MAC; 

determining signal quality values for each of the Nsamples 
using one of the PHY and the MAC based on the com 
parisons of the time differences, wherein the signal qual 
ity values are determined signal strengths of the pilot 
signal; 

for each of the N samples, when the one of the time differ 
ences is less than or equal to a preselected amount of 
time, generating a complex number based on (i) one of 
the time differences, and (ii) one of the signal quality 
values; 

weighting the complex numbers with respective ones of the 
signal quality values: 

Summing the complex numbers to generate a sum: 
determining an offset value based on an argument of the 

Sum; and 
adjusting, via the PHY and based on the offset value, an 

activation time or a deactivation time of the receiver of 
the client device. 

3. The computer-implemented method of claim 2, further 
comprising: 

receiving a static symbol from the base station; and deter 
mining the offset value based on the static symbol. 

4. The computer-implemented method of claim 2, further 
comprising receiving a compound signal from the base sta 
tion, wherein: 

the compound signal includes a data signal and the pilot 
signal, wherein the data signal includes user data, and 
wherein the pilot signal is transmitted at a carrier fre 
quency and modulated with respect to the data signal; 
and the compound signal is transmitted in television 
whitespace and is a time division multiplexed signal. 
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5. The computer-implemented method of claim 4, further 

comprising determining the offset value based on parameters, 
wherein: 

the parameters are determined by the base station; and the 
compound signal includes fields identifying the param 
eters. 

6. The computer-implemented method of claim 2, further 
comprising: 

transmitting a request for additional symbols or allocated 
time slots from the client device to the base station; and 
determining the offset value based on parameters asso 
ciated with samples of signals transmitted at times of the 
additional symbols or allocated time slots. 

7. A computer-implemented method oftuning a transmitter 
of a client device, the method comprising: transmitting a pilot 
signal from the client device to a base station via the trans 
mitter of the client device: 

generating time differences for Msamples of M respective 
packets in the pilot signal where M is an integer greater 
than 1, based on arrival times of the M packets in the 
pilot signal at the base station and corresponding prede 
termined allocation times of the client device; 

comparing each of the time differences to a preselected 
amount of time in one of a PHY and a MAC of a client 
device; 

determining signal quality values based on the compari 
Sons of the time differences, wherein the signal quality 
values are determined signal strengths of the pilot signal; 

for each of the M samples, when the one of the time 
differences is less than or equal to a preselected amount 
of time, generating a complex number based on (i) one 
of the time differences, and (ii) one of the signal quality 
Values; 

weighting the complex numbers with respective ones of the 
signal quality values: 

Summing the complex numbers to generate a sum: 
determining an offset value based on an argument of the 

Sum; and 
adjusting, via the PHY and based on the offset value, at 

least one of a transmission time, an activation time, or a 
deactivation time of the transmitter of the client device. 

8. The computer-implemented method of claim 7, further 
comprising: receiving a static symbol from the base station; 
and determining the offset value based on the static symbol. 

9. The computer-implemented method of claim 7, further 
comprising 

receiving a compound signal from the base station, 
wherein: the compound signal includes a data signal and 
the pilot signal, wherein the data signal includes user 
data, and wherein the pilot signal is transmitted at a 
carrier frequency and modulated with respect to the data 
signal; and the compound signal is transmitted in tele 
vision whitespace and is a time division multiplexed 
signal. 

10. The computer-implemented method of claim 9, further 
comprising determining the offset value based on parameters, 
wherein: the parameters are determined by the base station: 
and the compound signal includes fields identifying the 
parameters. 

11. The computer-implemented method of claim 7, further 
comprising: transmitting a request for additional symbols or 
allocated time slots from the client device to the base station: 
and determining the offset value based on parameters associ 
ated with samples of signals transmitted at times of the addi 
tional symbols or allocated time slots. 

ck k k k k 


