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57 ABSTRACT

Techniques for sending and receiving signals include pre-
distorting signals before transmission across a communica-
tion path. The signals are pre-distorted as a function of a
distortion on the communication path. In one embodiments,
transmitter a broadcasts to receiver b and there is also a
transmitter b broadcasting to receiver a. This return channel
enables both transmitters a and b to have a priori information
regarding the transmission medium and path the signal takes.
In this way, the nature of the distortion or interference is

Us) known to the transmitter, therefore, it pre-distorts the trans-
mitted signal to compensate for the receiver exceeding its
12/340,518 capabilities in recovering signal.
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TECHNIQUES FOR PRE-DISTORTING
TRANSMITTED SIGNALS FOR A
TRANSMITTER DEVICE

BACKGROUND OF THE INVENTION

[0001] Radio frequency (RF) receivers are typically more
difficult to construct than RF transmitters. This is especially
true in broadcast instances. RF receivers should be able to
handle various interference issues including same frequency
interference and reflections of the transmitted signal, called
ghosts. There is typically a finite limit to the amount of
interference or poor quality signal that a receiver can handle
and still recover the original transmitted signal.

[0002] FIG.1 shows a communication system according to
the conventional art. The communication system 100
includes a transmitter 110, a communication path 120, a
receiver 130 and an equalizer 140. The transmitter 110 trans-
mits a signal [T] across the communication path 120. The
receiver 130 receives a distorted signal [T]*[D] after trans-
mission across the communication path 120. The equalizer
140 equalizes [D™"] the distorted signal [T]*[D]. If the dis-
tortion on the communication channel 120 is less than the
recovery capability [D™!] of the equalizer 140, the recovered
signal will be substantially equal to the transmitted signal [ T].
However, if the distortion on the communication channel 120
is greater than the recovery capability of the equalizer 140, the
recovered signal [T'] will not be equal to the transmitted
signal [T].

SUMMARY OF THE INVENTION

[0003] Embodiments ofthe present technology are directed
toward techniques for pre-distorting signals. In one embodi-
ment, a method of sending and receiving signals includes
determining the nature of the distortion and/or interference on
a communication path. Thereafter, signals to be transmitted
on the communication path are pre-distorted as a function of
the determined distortion. The pre-distortion may be accom-
plished using various types of distortion including equaliza-
tion, multi-path, amplitude, frequency, phase and other well
known types.

[0004] In another embodiment, a system for sending and
receiving signals includes one or more devices coupled to one
or more communication paths. At least one device includes a
transceiver coupled to the communication path and a pre-
distortion circuit coupled to the transceiver. The pre-distor-
tion circuit pre-distorts the signals to be transmitted by the
transceiver of the given device as a function of the distortion
on the communication path. When the signal is transmitted,
the distortion on the communication path is at least partially
compensated for by the pre-distortion introduced by the pre-
distortion circuit.

[0005] In one embodiment of the present invention, a first
transmitter (a) broadcasts to first receiver (b) and there is also
a second transmitter (of'b) broadcasting to second receiver (of
a). This return channel enables both transmitters (a) and (b) to
have a priori information regarding the transmission medium
and path the signal takes. In this way, the nature of the dis-
tortion or interference is known to the transmitter, therefore,
it pre-distorts the transmitted signal to compensate for the
receiver exceeding its capabilities in recovering signal. This
functionality, in accordance with embodiments of the present
invention, reduces the complexity of the receiver by placing
some of the burden on the transmitter. The back channel
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enables optimization of the original signal for the current
state of the communications channel. The advantageous
result is fewer bit errors and/or greater link distances when
compared to an identical system without the inventive back
channel and pre-distortion under the same environmental fac-
tors.

[0006] In another embodiment, a communication method-
ology is employed in an asymmetric system where complex
modulation can be employed while using equalizers and
recovery circuits having only limited complexity. In this
embodiment, a training signal is sent from a sink device to a
source device using a simple modulation M1. The source
device, knowing the training signal, determines an equaliza-
tion D17 that is able to recover the training signal wherein D1
is the channel distortion for M1. The source then pre-distorts
the training signal with the computed D17 and communi-
cates this back to the sink using a second order modulation
M2. The sink then knowing the training signal employs a
simple equalization circuit to determine another distortion
amount D1' required to recover the training signal from the
pre-distorted transmission, where D1'*D1 equals D2 (the
channel distortion of the M2 modulated signal). Advanta-
geously, the sink then uses M1 to transmit back to the source
the computed D1' and upon which the source can compute D2
since it knows D1. Here, the source advantageously uses a
simple equalization circuit and simple modulation circuit.
Knowing D2, the source can use M2 to communicate large
amounts of data to the sink device (as pre-distorted by D2)
even though the sink device has a relatively simple equaliza-
tion circuit and also a simple modulator. Alternatively, the
above iterative methodology can be repeated for higher order
modulations, e.g., M3, etc. Although equalization is
described above, this discussion is merely exemplary. This
embodiment operates equally well employing other distor-
tion types, e.g., multi-path, amplitude, frequency, phase and
other well known types.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention are illus-
trated by way of example and not by way of limitation, in the
figures of the accompanying drawings and in which like ref-
erence numerals refer to similar elements and in which:
[0008] FIG. 1 shows a block diagram of a conventional
communication system.

[0009] FIG. 2 shows a block diagram of a system for trans-
mitting and receiving signals, in accordance with embodi-
ments of the present technology.

[0010] FIG. 3 shows a flow diagram of a method of trans-
mitting and receiving signals in accordance with embodi-
ments of the present technology.

[0011] FIG. 4 shows a flow diagram of a method of trans-
mitting and receiving signals in accordance with other
embodiments of the present technology.

[0012] FIG. 5 illustrates a communication methodology in
an asymmetric system where complex modulation can be
employed while using equalizers and recovery circuits having
reduced complexity.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Reference will now be made in detail to the embodi-
ments of the present technology, examples of which are illus-
trated in the accompanying drawings. While the present tech-
nology will be described in conjunction with these
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embodiments, it will be understood that they are not intended
to limit the invention to these embodiments. On the contrary,
the invention is intended to cover alternatives, modifications
and equivalents, which may be included within the scope of
the invention as defined by the appended claims. Further-
more, in the following detailed description of the present
technology, numerous specific details are set forth in order to
provide a thorough understanding of the present technology.
However, it is understood that the present technology may be
practiced without these specific details. In other instances,
well-known methods, procedures, components, and circuits
have not been described in detail as not to unnecessarily
obscure aspects of the present technology.

[0014] Referring now to FIG. 2, an exemplary system for
transmitting and receiving signals, in accordance with
embodiments of the present technology, is shown. In one
embodiment, the system includes a plurality of devices 205
and 225 communicatively coupled by a communication net-
work. A first device 205 may include a transmitter 210, a
receiver 215 and optionally an equalizer 220. A second device
225 may include a pre-distortion circuit 230, a transmitter
235, areceiver 240, a distortion determination circuit 250 and
optionally an equalizer 245. The first and second devices 205
and 225 transmit and receive signals across one or more
communication paths 255 of the communication network.
[0015] The communication paths may be wired links, wire-
less links or a combination thereof. In one exemplary imple-
mentation, the devices may be consumer electronic devices
and the network may be a home multimedia network. In one
implementation, the signal may be transmitted at a frequency
in the megahertz (MHz) or gigahertz (GHz) range. In an
exemplary implementation, the signal may be transmitted at
60 GHz. Operation of the system will be further described
with reference to FIG. 3, which shows a method of transmit-
ting and receiving signals in accordance with one embodi-
ment of the present technology.

[0016] Withrespectto FIG.2andFIG. 3,at 305, afirstinput
signal [T(1)] is presented to the transmitter 210 of the first
device 205 for transmission. Alternatively, the first input sig-
nal [T(1)] may be generated internally by the transmitter 21 0.
The first input signal [T(1)] may be any signal to be transmit-
ted by the first device 205 across the communication path 255.
In one implementation, the first input signal [T(1)] is a train-
ing or configuration signal specifically utilized to determine
the nature of the distortion or interference on the communi-
cation path 255. In another implementation, the first input
signal [T(1)] may be a predetermined control signal or gen-
eral data signal that facilitates the determination of the nature
of the distortion or interference on the communication path
255. For example, the signal may be a predictable control
signal transmitted from the first device 205 to the second
device 225

[0017] At 310, the first input signal [T(1)] is transmitted
across the communication path 255 by the transmitter 210. At
315, the first input signal distorted by channel distortion D(1)
due to transmission across the communication path. The
transmitted signal is represented here as a convolution prod-
uct, [T(1)]*[D(1)], and is received by the receiver 240 of the
second device 225. At 320, the distortion [D(1)] introduced
by the communication path 255 is automatically determined
by the distortion determination circuit 250 since the training
signal T(1) is a known signal.

[0018] In accordance with embodiments of the present
invention, the nature of the distortion or interference may then
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be used to pre-distort signals transmitted from the second
device 225 to the first device 205 or optionally vice-versa. For
example, the pre-distortion circuit 230 of the second device
225 may receive a second signal [T(2)], for transmission to
device 205 at 325. At 330, the second signal [T(2)] is pre-
distorted by [D(1)7'] at the pre-distortion circuit 230. The
pre-distortion [D(1)™'] is a function of the distortion on the
communication path 255 determined at process 320. At 335,
the transmitter 235 in the second device 225 transmits the
pre-distorted signal [T(2)]*[D(1)~"] across the communica-
tion path 255 which introduces a determined amount of dis-
tortion [D(2)]. The distortion [D(2)] from the communication
path 255 and the pre-distortion [D(1)™'] introduced by the
pre-distortion circuit 230 of the second device 225 produce
convolved distortion [D(2)]*[D()™']. If this convolution
product=1, the recovered signal T(2) will be correct and the
pre-distortion introduced by device 225 enables recovery of
signal T(2) at device 205.

[0019] At 340, the receiver 215 in the first device 205
receives the pre-distorted signal [T(2)]*[D(1)"] further dis-
torted by [D(2)] after transmission across the communication
path 255. If the product of [D(2)]*[D(1)7']=1 at 345, the
equalizer 220 in the first device equalizes, or performs some
amount of signal recovery on the pre-distorted signal further
distorted [T(2)]*[D(1)~']*[D(2)] by transmission across the
communication path to recover the second signal [T(2)]. The
convolved distortion [D(2)]*[D(1)™"] is recoverable by the
equalization function [D(n)™'] of the equalizer 220. At 350,
the recovered second signal [ T(2)] is output by the equalizer
220 for use by other circuits of the first device 205. It is
appreciated that equalization is discussed herein as an
example of a signal recovery process that may be employed.
However, this embodiment operates equally well employing
other forms of signal recovery, e.g., multi-path, amplitude,
frequency, phase and other well known types and is therefore
not limited to equalization.

[0020] It is appreciated that the equalizer 220 may be a
separate circuit or integral to the receiver 215. It is also
appreciated that in some instances, the pre-distortion applied
by the pre-distortion circuit 230 may eliminate the need for an
equalizer 220 when the nature of the distortion and/or inter-
ference on the communication path 255 can be fully compen-
sated for by the pre-distortion circuit 230. However, in other
implementations, the amount of pre-distortion applied by the
pre-distortion circuit 230 does not fully compensate for the
distortion on the communication path 255. Instead, the
amount of pre-distortion applied is selected so that the dis-
tortion introduced by the communication path 255 is recov-
erable by the receiver 215 and/or equalizer 220 while reduc-
ing the complexity of the receiver 215 and/or equalizer 220.
Furthermore, it is appreciated that the devices may be imple-
mented using separate receivers and transmitters or the trans-
mitter and receivers circuits may be implemented as an inte-
gral transceiver. It is also appreciated that the receiver and
transmitter and optionally the equalizer, distortion determi-
nation circuit and/or pre-distortion circuit may be imple-
mented as integral sub-circuits of the device or an internal or
external peripheral of the device, such as a network interface
card.

[0021] In one embodiment, a given application may only
need pre-distortion for communication in one direction. For
example, a DTV may only transmit control signals requiring
a relatively low transmission rate to one or more content
sources such as a set top box (STB). However, in the other
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direction, the set top box transmits a large amount of image
data that requires a high transmission rate, which may expe-
rience high bit error rates when the distortion and/or interfer-
ence on the communication path 255 is greater than a particu-
larlevel. Therefore, implementing pre-distortion in the set top
box may be sufficient for such a configuration. In other
embodiments it may be desirable to implement pre-distortion
in both devices. Therefore, the first device 205 may also
include a distortion determination circuit 260 and a pre-dis-
tortion circuit 265 in the first device 205 for determining the
distortion [D(1)] introduced by the communication path 255
and pre-distorting signals transmitted by the first device 205.
Likewise, the second device 225 may include an equalizer
245 to recover pre-distorted signals transmitted by the first
device 205.

[0022] Referring now to FIG. 4, a method of transmitting
and receiving signals, in accordance with other embodiments
of the present technology, is shown. The system implement-
ing the method of FIG. 4 may be the communications system
of FIG. 2, for instance. At least one transmitter, e.g., of device
205 contains a distortion determination circuit 260 and a
pre-distortion circuit 265. A back channel exists between the
transmitter 235 of device 225 and the receiver 215 of device
205.

[0023] Regarding FIG. 4, at 405, there is a first input signal
[T(1)] to be transmitted by the first device 205 across the
communication path 255. The first signal [T(1)] is pre-dis-
torted by [D(1)] by the pre-distortion circuit 265, at 410. The
first input signal [T(1)] may be distorted based upon the
nature of the distortion or interference on the communication
path 255 as previously determined by the distortion determi-
nation circuit 260 during receipt of a previous signal (e.g.,
during process 460 described below). At 515, the pre-dis-
torted signal [T(1)]*[D(1)~*] is transmitted by the transmitter
210 across the communication path 255.

[0024] At 420, the receiver 240 of the second device 225
receives the pre-distorted signal [T(1)]*[D(1)~"] further dis-
torted by [D(1)] after transmission across the communication
path 255. The received pre-distorted signal is represented
as[[T(1)]*[D1)"]]*D(1). At 425, the equalizer 245 of the
second device 225 equalizes the received pre-distorted signal
by D(1)~! to recover the first signal [T(1)]. At 430, the recov-
ered signal [T(1)] is output from the equalizer 245 for use by
other circuits of the second device 225. In addition, the dis-
tortion determination circuit 250 determines the distortion
[D(1)] on the communication path 255, at 435. The distortion
[D()] may be used by the pre-distortion circuit 230 to pre-
distort signals (e.g., during process 445 described below). Itis
appreciated that equalization is discussed herein as an
example of a signal recovery process that may be employed.
However, this embodiment operates equally well employing
other forms of signal recovery, e.g., multi-path, amplitude,
frequency, phase and other well known types and is therefore
not limited to equalization.

[0025] At 440, there is a second input signal [T(2)] to be
transmitted by the second device 225 across the communica-
tion path 255 to device 205. The second signal [T(2)] is
pre-distorted [D(1)™'] by the pre-distortion circuit 230, at
445. The second input signal [T(2)] may be distorted based
upon the nature of the distortion or interference on the com-
munication path 255 as determined by the distortion determi-
nation circuit 230 during receipt of a previous signal (e.g.,
during process 435 described above). At 450, the pre-dis-
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torted signal [T(2)]*[D(1)"'] is transmitted by the transmitter
235 across the communication path 255.

[0026] At 455, the receiver 215 in the first device 205
receives the pre-distorted signal [T(2)]*[D(1)"] further dis-
torted by [D(2)] after transmission across the communication
path 255. At 460, the equalizer 220 equalizes the received
pre-distorted signal [[T(2)]*[D(1)"*]]*[D(2)] to recover the
first signal [T(2)]. At 465, the recovered signal [T(2)] is
output from the equalizer 220 for use by other circuits of the
first device 205. In addition, the distortion determination
circuit 260 determines the distortion [D(1)] on the commu-
nication path 255. The nature of the distortion or interference
determined by the distortion determination circuit 260 is used
at process 410 to apply an appropriate amount of pre-distor-
tion [D(1)7']. Again, the distortion [D(1)] on the communi-
cation path 255 may be determined for each signal received
by the receiver 215 or periodically when the distortion
changes over time. In another implementation, the distortion
can be determined during a setup stage or when a parameter
such as bit error rate (BER) exceeds a predetermined level
when the distortion does not regularly fluctuate.

[0027] The above described embodiments are intended for
use when the distortion on the communication path 255 is
substantially the same when signals are transmitted from the
first device 205 to the second device 225 and from the second
device 225 to the first device 205. However, in other circum-
stances the distortion on the communication path is not the
same in both directions between two devices and may also
differ between different devices. Therefore, in another
embodiment (as shown in FIG. 5), data indicating the distor-
tion determined at process 435 is transmitted from the second
device 225 back to the first device 205 and used by the
pre-distortion circuit 260 of the first device 205 to pre-distort
the signal (T(1)) transmitted from the first device 205 to the
second device 225 at process 410. Similarly, data indicating
the distortion determined at process 470 is transmitted from
the first device 205 back to the second device and used by the
pre-distortion circuit 230 of the second device 225 to pre-
distort the signal (T(2)) at process 445.

[0028] Inanother embodiment, a signal is transmitted from
the first device 205 to the second device 225. The signal is
re-transmitted (e.g., reflected back) by the second device 205
to the first device 225 pre-distorted [D(1)™'] by the second
device 225 as a verification that the pre-distortion substan-
tially compensates for the distortion introduced by the com-
munication path 255. In yet another embodiment, an iterative
method might include using simple robust training signals
that gradually increase in complexity while pre-distortion and
equalization circuits keep correcting such that a complex
modulation scheme (e.g., conveying higher data rates) can be
possible with the dual efforts of the pre-distortion circuits and
equalizer, see FIG. 5. The training signal may be known
signal transmitted from one device to the other periodically.
In one instance, for example, frames of data sent from one
device to the other are aggregated into “superframes.” Each
frame may have its own forward error correction (FEC). Each
superframe may have training data in the header with which
to generate the current instantaneous multipath distortion for
the given path. Therefore, the inverse distortion factor may be
determined from the expected payload [T(1)] *[D(1)]. The
inverse distortion factor [D(1)™'] can be sent back to the other
device to be used as the pre-distortion [D(1)7!].

[0029] In one implementation, the channel frequency
response is determined. The inverse of the channel frequency



US 2010/0159855 A1l

response may then be used by the pre-distortion circuit 430 to
pre-distort signals. In another implementation, the amount of
pre-distortion applied by the pre-distortion circuit 430 may be
a function ofthe impulse response of the communication path
445. The distortion [D(1)] on the communication path 445
may be determined for each signal received by the transceiver
435, or periodically. In other implementations, the distortion
can be determined during a setup stage or based on a param-
eter, such as when a bit error rate (BER) exceeds a predeter-
mined level.

[0030] The signals are pre-distorted so that the distortion
does not exceed the capabilities of the receiver at the other end
of the channel. The techniques advantageously reduce the
complexity of the receiver by placing some of the burden
(e.g., circuit complexity) on the transmitter. The back channel
can be exploited to compensate the original signal for the
current state of the communication channel. This can result in
improved performance, such as fewer bit errors and/or greater
link distances, when compared to substantially similar sys-
tems without the pre-distortion modulation under substan-
tially the same environmental factors. Accordingly, embodi-
ments of the present technology advantageously reduce the
complexity of the conventional communication interface.
The reduced complexity typically translates to reduced die
size of the integrated circuit implementing the communica-
tion interface and therefore may also lower the cost of the
integrated circuit.

[0031] FIG. 5 illustrates a communication methodology in
an asymmetric system where complex modulation can be
employed while using equalizers and recovery circuits having
only reduced complexity. The asymmetric system includes a
source device 510 and a sink device 515. The source 510 is
capable of pre-distortion and equalization. The source also
advantageously supports multiple modulations from simple
to complex (e.g., M1, M2, M3, ..., Mn) and also supports a
simple demodulation for reduced complexity. In one embodi-
ment, M1 may be BPSK modulation and M2 may be QPSK
modulation and M3 may be 16 QAM modulation, however,
any of'a number of well known modulation techniques can be
used.

[0032] The sink device 515 has only minimal equalization
capability but supports multiple demodulations, from simple
to complex (e.g., M1, M2~%, M37%, .. ., Mn™"). The sink
515 also supports a simple modulation scheme (e.g., M1) for
the return channel back to the source 510 and may support
more complex modulations optionally. The asymmetric sys-
tem is advantageous in that: 1) a simple equalizer is required
ofthe sink device 515, 2) a simple modulator is required of the
sink device 515 and 3) a simple equalizer and demodulator
are required of the source device 5 10. It is appreciated that
pre-distortion functionality as described below is performed
in the digital domain in accordance with embodiments of the
present invention.

[0033] TItisappreciated that equalization is discussed herein
as an example of a signal recovery process that may be
employed. However, this embodiment operates equally well
employing other forms of signal recovery, e.g., multi-path,
amplitude, frequency, phase and other well known types and
is therefore not limited to equalization.

[0034] Inaccordance with FIG. 5, the sink device 515 sends
a training signal or data packet T(1) to the source device 510
using a simple modulation M1 520. The training signal is
known to the source device 5 10. The transmit signal is
represented at 525 as [T(1)*M1]*D1 where D1 is the distor-
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tion of the communication channel as seen using modulation
M1. Channel distortion can have phase, amplitude and mul-
tipath distortion characteristics which may all be non-linear.
Herein, a distortion description, Dx, is valid for a single type
of modulation, Mx, but may not be accurate for more
advanced modulations, e.g., M(x+1). The source device 510
receives the signal 525 and equalizes the signal and demodu-
lates the signal until the known training data packet T(1) is
recovered at 527. Since the source device 510 knows the
modulation M1 used, the equalizer is varied in a feedback
loop fashion until the known training signal T(1) is recovered.
When recovered, the equalizer located a good first order
approximation of the channel distortion, or D17*. This first
order approximation is good enough for the simple modula-
tion M1.

[0035] The source 510 then sends “known” training signal
ordata packet T(1) using amore complex modulation M2 530
to the sink 515 and using pre-distortion D17 at 532. That is,
the signal transmitted by the source 510 is pre-distorted by
D17*. This transmission is also distorted by channel distor-
tion D2 when recovered by the sink device 515. The sink
device 515 equalizes this slightly by D1' until the training
signal is recovered at 534. The equalization performed at this
point is not complex because the transmitted signal at 532 was
pre-distorted already by D17! at the source device, where
D17 is good enough to recover a signal modulated by M I but
not enough for M2. It is noted that D2=D1*D1'. This equal-
ization characteristic is advantageous for the sink 515
because a less complex equalizer can be used since only D1'™*
is employed, rather than D27

[0036] At this point, the sink device 515 communicates D1'
to the source device 510 using the simple modulation M1.
Specifically, the sink device uses simple modulation M1 to
transmit D1' to the source device at 536. This transmission
536 experiences channel distortion D1. The source device
510 already knows the channel distortion approximation
D17! and the modulation scheme M1, so the data packet D1'
is readily recovered at 538. Since the source device knows D1'
and D1, it can advantageously compute D2, a second order
approximation of the channel distortion for modulation M2.
Source 510 now sends T(1) again by transmission 542 but
using a more complex modulation scheme, M3 540, with the
transmitted signal pre-distorted by the second order pre-dis-
tortion, D27". The sink 515 again has to equalize the recov-
ered signal slightly because the D2™" pre-distortion is good
enough for M2, but not quite good enough for M3. Equaliza-
tion continues until the training signal is recovered at 544.
This leads to distortion approximation D2'(D3=D2*D2'").
Again, the sink 515 sends back to the source 510 (using M1)
the additional equalization T(D2") necessary to decode T(1)
when modulated with M3. This is shown as 546.

[0037] The source device 510 already knows the channel
distortion approximation D17 and the modulation scheme
M1, so the data packet D2' is readily recovered at 538. Since
the source device knows D2' and D2, it can advantageously
compute D3, a third order approximation of the channel dis-
tortion for M3. This third order channel distortion D3 can be
used by the source device 510 to communicate large amounts
of data to the sink device 515 using pre-distortion D37 and
modulation M3, as shown in general terms by transmission
565. The above process is iterative, with each group of com-
munications providing for more complex modulation while
using limited equalization. The number of iterations is vari-
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able depending on the modulation required and the particular
number of iterations shown in FIG. 5 is exemplary.

[0038] A result of the communication methodology of FIG.
5 is complex modulation and the corresponding complex
pre-distortion that allows the receive side to use little or no
signal recovery, e.g., equalization in the above example. Cir-
cuit complexity is generally linked to modulation complexity
and the degree of channel distortion that is expected. How-
ever, by simplifying the receiver side embodiments of the
present invention reduce the number of necessary bits in the
analog to digital converter circuits which in turn reduces
power consumption.

[0039] High speed analog circuitry has fewer accurate
models, and is more difficult. Therefore, embodiments as
shown in FIG. 5 allow the use of increasingly complex modu-
lation schemes while not requiring a large/complex equaliza-
tion circuit in the sink device 515.

[0040] The foregoing descriptions of specific embodiments
ofthe present technology have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms dis-
closed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the prin-
ciples of the present technology and its practical application,
to thereby enable others skilled in the art to best utilize the
present technology and various embodiments with various
modifications as are suited to the particular use contemplated.
Itis intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:
1. A method comprising:
determining a distortion on a communication path between
a first device and a second device;

pre-distorting a signal to be transmitted as a function of the
distortion determined on the communication path to pro-
duce a pre-distorted signal; and

transmitting the pre-distorted signal on the communication

path wherein said transmitting is performed by the first
device of said two devices.

2. The method according to claim 1, further comprising
receiving the pre-distorted signal after transmission across
the communication path wherein said receiving is performed
by the second device of said two devices.

3. The method according to claim 2, further comprising
performing a signal recovery process on the received pre-
distorted signal after transmission across the communication
path to substantially recover the signal.

4. A method comprising:

transmitting a first signal from a first device to a second

device wherein said first signal is a known signal;

at said second device, determining a first distortion amount

in recovering said first signal wherein said first distortion
amount represents channel distortion of a communica-
tion channel between said first device and said second
device;

pre-distorting a second signal at said second device and

transmitting a pre-distorted version of said second signal
to said first device; and

said first device performing a signal recovery process on

said pre-distorted version of said second signal to
recover said second signal.

5. The method according to claim 4 wherein said first signal
is transmitted using a first modulation and wherein said pre-
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distorted version of said second signal is transmitted using a
second modulation, more complex than said first modulation.
6. The method according to claim 5 wherein said second
signal is a known signal and further comprising:
said first device determining a second distortion amount in
recovering said second signal;
said first device transmitting said second distortion amount
to said second device; and
said second device determining a third distortion amount
from said first distortion amount and said second distor-
tion amount.
7. The method according to claim 6 further comprising:
said second device pre-distorting a third signal by said third
distortion amount; and
said second device transmitting a pre-distorted version of
said third signal to said first device using said second
modulation.
8. A system for communicating over a communication
path, said system comprising:
a first device comprising:

a first pre-distortion circuit for pre-distortion a first sig-
nal as a function of a distortion introduced on the
communication path from the first device to a second
device;

a first transmitter coupled to the first pre-distortion cir-
cuit for transmitting the first signal on the communi-
cation path; and

the second device comprising a first receiver communica-
tively coupled to the communication path for receiving
the pre-distorted first signal further distorted by trans-
mission across the communication path, wherein the
distortion introduced by the communication path is par-
tially compensated for by the pre-distortion introduced
by the first pre-distortion circuit.

9. The system of claim 8, wherein:

the second device further comprises:

afirst distortion determination circuit coupled to the first
receiver for determining the distortion on the commu-
nication path from a training signal after transmission
across the communication path from the first device to
the second device; and

a second transmitter coupled to the first distortion deter-
mination circuit for transmitting data to the first
device indicating the distortion on the communication
path from the first device to the second device; and

wherein the first device further comprises:

a second receiver communicatively coupled to the com-
munication path for receiving the data indicating the
distortion on the communication path from the first
device to the second device.

10. The system of claim 9, wherein:

the second device further comprises a second pre-distor-
tion circuit for pre-distorting a second signal as a func-
tion of a distortion introduced on the communication
path from the second device to the first device;

wherein the second transmitter is for further transmitting
the second signal on the communication path; and

wherein further the second receiver is communicatively
coupled to the communication path for receiving the
pre-distorted second signal further distorted by trans-
mission across the communication path, wherein the
distortion introduced by the communication path is par-
tially compensated for by the pre-distortion introduced
by the second pre-distortion circuit.



US 2010/0159855 A1l

11. The system of claim 10, wherein:

the first device further comprises a second distortion deter-
mination circuit coupled to the second receiver for deter-
mining the distortion on the communication path from
the training signal after transmission across the commu-
nication path from the second device to the first device;

wherein the first transmitter is for further transmitting data
to the second device indicating the distortion on the
communication path from the first device to the second
device; and

wherein the first receiver is for further receiving the data

indicating the distortion on the communication path
from the first device to the second device.

12. The system of claim 11, wherein the first device com-
prises a first signal recovery circuit coupled to the second
receiver for substantially recovering the second signal from
the pre-distorted second signal further distorted after trans-
mission across the communication path.

13. The system of claim 12, wherein the second device
further includes a second signal recovery circuit coupled to
the first receiver for substantially recovering the first signal
from the pre-distorted first signal further distorted after trans-
mission across the communication path.
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14. The system of claim 13, wherein the first transmitter
and the second receiver of the first device comprise a first
transceiver.

15. The system of claim 13, wherein the second distortion
determination circuit of the first device is an integral circuit of
the first signal recovery circuit of the first device.

16. The system of claim 13, wherein the communication
path comprises a wired communication link.

17. The system of claim 13, wherein the communication
path comprises a wireless communication link.

18. The system of claim 13, wherein the communication
path comprises a plurality of communication links.

19. The system of claim 8 wherein the first device and the
second device are consumer electronic devices.

20. The system of claim 9 wherein said first signal is
transmitted from said first device to said second device using
complex modulation and wherein further said data indicating
the distortion on the communication path is transmitted from
said second device to said first device using simple
modulation.
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