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LAYERED MODULATION FOR DIGITAL 
SIGNALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of prior U.S. 
patent application Ser. No. 1 1/653,517 filed Jan. 16, 2007, 
which is a continuation of prior U.S. patent application Ser. 
No. 09/844,401, entitled “LAYERED MODULATION FOR 
DIGITAL SIGNALS, by Ernest C. Chen, filed Apr. 27, 2001 
and now issued as U.S. Pat. No. 7,209,524, which applica 
tions are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to systems 
for transmitting and receiving digital signals, and in particu 
lar, to systems for broadcasting and receiving layered modu 
lation in digital signals. 
0004 2. Description of the Related Art 
0005 Digital signal communication systems have been 
used in various fields, including digital TV signal transmis 
sion, either terrestrial or satellite. 
0006 AS the various digital signal communication sys 
tems and services evolve, there is a burgeoning demand for 
increased data throughput and added services. However, it is 
more difficult to implement either improvement in old sys 
tems and new services when it is necessary to replace existing 
legacy hardware, such as transmitters and receivers. New 
systems and services are advantaged when they can utilize 
existing legacy hardware. In the realm of wireless communi 
cations, this principle is further highlighted by the limited 
availability of electromagnetic spectrum. Thus, it is not pos 
sible (or at least not practical) to merely transmit enhanced or 
additional data at a new frequency. 
0007. The conventional method of increasing spectral 
capacity is to move to a higher-order modulation, Such as 
from quadrature phase shift keying (QPSK) to eight phase 
shift keying (8 PSK) or sixteen quadrature amplitude modu 
lation (16 QAM). Unfortunately, QPSK receivers cannot 
demodulate conventional 8 PSK or 16 QAM signals. As a 
result, legacy customers with QPSK receivers must upgrade 
their receivers in order to continue to receive any signals 
transmitted with an 8 PSK or 16 QAM modulation. 
0008. It is advantageous for systems and methods of trans 
mitting signals to accommodate enhanced and increased data 
throughput without requiring additional frequency. In addi 
tion, it is advantageous for enhanced and increased through 
put signals for new receivers to be compatible with legacy 
receivers. There is furtheran advantage for systems and meth 
ods which allow transmission signals to be upgraded from a 
Source separate from the legacy transmitter. 
0009. The present invention obtains these advantages. 

SUMMARY OF THE INVENTION 

0010 Signals, systems and methods for transmitting and 
receiving non-coherent layered modulation for digital signals 
are presented. For example, a layered signal for transmitting 
data, comprises a first signal layer including a first carrier and 
first signal symbols for a first digital signal transmission and 
a second signal layer including a second carrier and second 
signal symbols for a second signal transmission disposed on 
the first signal layer, wherein the layered signal has the first 
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carrier demodulated and first layer decoded to produce the 
first signal symbols for a first layer transport, the first signal 
symbols are remodulated and subtracted from the layered 
signal to produce the second signal layer, and the second 
signal layer has the second carrier demodulated and decoded 
to produce the second signal symbols for a second layer 
transport. 
0011. A receiver of the invention receives the combined 
layered signal and demodulates it to produce the first carrier 
and a stable combined signal. The stable combined signal is 
decoded to produce first layer symbols which are provided to 
a first layer transport. The first layer symbols are also used to 
construct an idealized first layer signal. The idealized first 
layer signal is subtracted from the stable combined layered 
signal to produce the second layer signal. The second layer 
signal is demodulated, decoded and the output second layer 
symbols are provided to a second layer transport. 
0012. In the invention, a second (lower) layer of modula 
tion is added to a first (upper) layer of modulation. Such an 
approach affords backwards-compatible implementation, i.e. 
legacy equipment can remain unchanged and continue to 
transmit and receive signals while new equipment may simul 
taneously transmit and receive enhanced signals. The addi 
tion of the second layer provides increased capacity and Ser 
vices to receivers that can process information from both 
layers. The upper and lower layer signals may be non-coher 
ent; there is no required carrier phase relationship between 
the two signal layers. 
0013 Alternate embodiments may abandon backward 
compatibility with particular legacy equipment. However, 
layered modulation may still be used to provide expanded 
services with future system upgrades. Furthermore, as will be 
readily apparent to those skilled in the art, the principle of the 
invention may be extended to additional layers of modulation, 
with independent modulations, forward error correction 
(FEC) coding and code rates as the system may support in the 
future, while maintaining backward compatibility. The 
present invention provides many advantages. 
0014 For example, spectral efficiency may be signifi 
cantly increased while maintaining backward compatibility 
with pre-existing receivers; if both layers use the same modu 
lation with the same code rate, the spectral efficiency may be 
doubled. The present invention is more energy efficient and 
more bandwidth efficient than other backwards-compatible 
techniques using adapted 8 PSK and 16 QAM. 
0015 While it can achieve at least the spectral efficiency 
of a 16 QAM modulation, the new modulation of the present 
invention does not require a linear traveling wave tube ampli 
fier (TWTA) as with 16 QAM. All layers may use QPSK or 8 
PSK, which are much more insensitive to TWTA nonlinear 
ity. Also, by using QPSK modulation for all layers in the 
present invention, there is no additional performance penalty 
imposed on 8 PSK or 16 QAM due to carrier phase recovery 
eO. 

0016. Also with the present invention, because the signals 
of different layers are non-coherent there is no required coor 
dination in transmitting the separate layers. Therefore, the 
signal of a new layer may be transmitted from a different 
TWTA or even a different satellite. This allows implementa 
tion of the backward-compatible scheme at a later date. Such 
as when a TWTA can output sufficient power to support 
multiple-layered modulations. 
0017. In addition, in typical embodiment the upper layers 
of the present invention are much more robust to rain fade. 
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Only the lower layer is subject to the same rain fade as the 
current signal waveform does. As the legacy signal level is 
moved up in power, existing Subscribers will experience far 
fewer service disruptions from rain fade. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 Referring now to the drawings in which like refer 
ence numbers represent corresponding parts throughout: 
0019 FIGS. 1A-1C illustrate the relationship of signal 
layers in a layered modulation transmission; 
0020 FIGS. 2A-2C illustrate a signal constellation of a 
second transmission layer over a first transmission layer non 
coherently: 
0021 FIG.3 is a block diagram for a typical system of the 
present invention; 
0022 FIGS. 4A-4B are block diagrams for reception of 

first and second layered modulation by a typical receiver of 
the present invention; and 
0023 FIGS. 5A-5B depict the power levels for example 
embodiments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0024. In the following description, reference is made to 
the accompanying drawings which form a part hereof, and 
which show, by way of illustration, several embodiments of 
the present invention. It is understood that other embodiments 
may be utilized and structural changes may be made without 
departing from the scope of the present invention. 

Overview 

0025. The present invention provides for the modulation 
of signals at different power levels and advantageously for the 
signals to be non-coherent from each layer. In addition, inde 
pendent modulation and coding of the signals may be per 
formed. Backwards compatibility with legacy receivers. Such 
as a quadrature phase shift keying (QPSK) receiver is enabled 
and new services are provided to new receivers. A typical new 
receiver of the present invention uses two demodulators and 
one remodulator as will be described in detail hereafter. 
0026. In a typical backwards-compatible embodiment of 
the present invention, the legacy QPSK signal is boosted in 
power to a higher transmission (and reception) level. This 
creates a power “room” in which a new lower layer signal 
may operate. The legacy receiver will not be able to distin 
guish the new lower layer signal, from additive white Gaus 
sian noise, and thus operates in the usual manner. The opti 
mum selection of the layer power levels is based on 
accommodating the legacy equipment, as well as the desired 
new throughput and services. 
0027. The new lower layer signal is provided with a suf 
ficient carrier to thermal noise ratio to function properly. The 
new lower layer signal and the boosted legacy signal are 
non-coherent with respect to each other. Therefore, the new 
lower layer signal can be implemented from a different 
TWTA and even from a different satellite. The new lower 
layer signal format is also independent of the legacy format, 
e.g., it may be QPSK or 8 PSK, using the conventional con 
catenated FEC code or using a new Turbo code. The lower 
layer signal may even be an analog signal. 
0028. The combined layered signal is demodulated and 
decoded by first demodulating the upper layer to remove the 
upper carrier. The stabilized layered signal may then have the 
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upper layer FEC decoded and the output upper layer symbols 
communicated to the upper layer transport. The upper layer 
symbols are also employed in a remodulator, to generate an 
idealized upper layer signal. The idealized upper layer signal 
is then subtracted from the stable layered signal to reveal the 
lower layer signal. The lower layer signal is then demodulated 
and FEC decoded and communicated to the lower layer trans 
port. 
0029. Signals, systems and methods using the present 
invention may be used to Supplement a pre-existing transmis 
sion compatible with legacy receiving hardware in a back 
wards-compatible application or as part of a preplanned lay 
ered modulation architecture providing one or more 
additional layers at a present or at a later date. 

Layered Signals 

0030 FIGS. 1A-1C illustrate the basic relationship of sig 
nal layers in a layered modulation transmission. FIG. 1A 
illustrates a first layer signal constellation 100 of a transmis 
sion signal showing the signal points or symbols 102. FIG. 1B 
illustrates the second layer signal constellation of symbols 
104 over the first layer signal constellation 100 where the 
layers are coherent. FIG. 1C illustrates a second signal layer 
106 of a second transmission layer over the first layer con 
stellation where the layers may be non-coherent. The second 
layer 106 rotates about the first layer constellation 102 due to 
the relative modulating frequencies of the two layers in a 
non-coherent transmission. Both the first and second layers 
rotate about the origin due to the first layer modulation fre 
quency as described by path 108. 
0031 FIGS. 2A-2C illustrate a signal constellation of a 
second transmission layer over the first transmission layer 
after first layer demodulation. FIG. 2A shows the constella 
tion 200 before the first carrier recovery loop (CRL) and FIG. 
2B shows the constellation 200 after CRL. In this case, the 
signal points of the second layer are actually rings 202. FIG. 
2C depicts a phase distribution of the received signal with 
respect to nodes 102. Relative modulating frequencies cause 
the second layer constellation to rotate around the nodes of 
the first layer constellation. After the second layer CRL this 
rotation is eliminated. The radius of the second layer constel 
lation is determined by its power level. The thickness of the 
rings 202 is determined by the carrier to noise ratio (CNR) of 
the second layer. As the two layers are non-coherent, the 
second layer may also be used to transmit analog or digital 
signals. 
0032 FIG.3 is a block diagram for a typical system 300 of 
the present invention. Separate transmitters 316A, 316B, as 
may be located on any suitable platform, such as satellites 
306A, 306B, are used to non-coherently transmit different 
layers of a signal of the present invention. Uplink signals are 
typically transmitted to each satellite 306A, 306B from one or 
more transmit stations 304 via an antenna 302. The layered 
signals 308A, 308B (downlink signals) are received at 
receiver antennas 312,320, such as satellite dishes, each with 
a low noise block (LNB) 310, 318 where they are then 
coupled to integrated receiver/decoders (IRDs) 314, 322. 
Because the signal layers may be transmitted non-coherently, 
separate transmission layers may be added at any time using 
different satellites 306A, 306B or other suitable platforms, 
Such as ground based or high altitude platforms. Thus, any 
composite signal, including new additional signal layers will 
be backwards compatible with legacy receivers which will 
disregard the new signal layers. To ensure that the signals do 
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not interfere, the combined signal and noise level for the 
lower layer must beat or below the allowed noise floor for the 
upper layer. 
0033. Hereafter the invention will be described in terms of 
particular applications which are backwards compatible and 
non-backwards compatible. “Backwards compatible' in this 
sense describes Supplemental signal layers applied to systems 
previously implemented. In these applications, the pre-exist 
ing system architecture must be accommodated by the archi 
tecture of the additional signal layers. “Non-backwards com 
patible' describes a system architecture which makes use of 
layered modulation, but there is no pre-existing equipment. 
0034. The pre-existing legacy IRDs 322 decode and make 
use of data only from the layer (or layers) they were designed 
to receive, unaffected by the additional layers. However, as 
will be described hereafter, the legacy signals may be modi 
fied to optimally implement the new layers. The present 
invention may be applied to existing direct satellite services 
which are broadcast to individual users in order to enable 
additional features and services with new receivers without 
adversely affecting legacy receivers and without requiring 
additional signal frequency. 

Demodulator and Decoder 

0035 FIGS. 4A-4B are block diagrams for reception of a 
layered modulation signal by a typical receiver Subsystem 
400 of the present invention. FIG. 4A depicts reception where 
layer Subtraction is performed on a signal where the upper 
carrier has been demodulated. The upper layer of the received 
combined signal 416, which may contain legacy modulation 
format, is processed by a demodulator 404 to produce the 
stable demodulated signal output 420. The demodulated sig 
nal is fed to a decoder 402 which FEC decodes the upper 
layer. The upper layer decoder 402 produces the upper layer 
symbols which are output to an upper layer transport and also 
used to generate an idealized upper layer signal. The upper 
layer symbols may be produced from the decoder 402 after 
Viterbi decode (BER-10 or so) or after Reed-Solomon 
(RS) decode (BER<10 or so), in typical decoding opera 
tions known to those skilled in the art. The upper layer sym 
bols from the upper layer decoder 402 are fed to a remodula 
tor 406 which effectively produces an idealized upper layer 
signal for subtraction from the stable demodulated signal 420. 
0036. In order for the subtraction to leave a clean small 
lower layer signal, the upper layer signal must be precisely 
reproduced. The modulated signal may have been distorted, 
for example, by TWTA non-linearity. The distortion effects 
are estimated from the received signal after the fact or from 
TWTA characteristics which may be downloaded into the 
IRD in AM-AM and/or AM-PM maps 418, used to eliminate 
the distortion. 

0037. A subtracter 412 then subtracts the idealized upper 
layer signal from the stable demodulated signal 420. This 
leaves the lower-power second layer signal. The subtracter 
includes a buffer or delay function to retain the stable 
demodulated signal 420 while the idealized upper layer signal 
is being constructed. The second layer signal is demodulated 
410 and FEC decoded 408 according to its signal format. 
0038 FIG. 4B depicts reception where alternately layer 
Subtraction is performed on the received layered signal. In 
this case, the demodulator 404 produces the upper carrier 
signal 422 (as well as the stable demodulated signal output 
420). The upper carrier signal is output to the remodulator 
406, which effectively produces an idealized upper layer sig 
nal which includes the upper layer carrier for subtraction 
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from the received combined signal 416. Other equivalent 
methods of layer subtraction will occur to those skilled in the 
art and the present invention should not be limited to the 
examples provided here. Furthermore, those skilled in the art 
will understand that the present invention is not limited to two 
layers; additional layers may be included. Idealized upper 
layers are produced through remodulation from their respec 
tive layer symbols and subtracted. Subtraction may be per 
formed on either the received combined signal or a demodu 
lated signal. Finally, it is not necessary for all signal layers to 
be digital transmissions; the lowest layer may be an analog 
transmission. 
0039. The following analysis describes the exemplary two 
layer demodulation and decoding. It will be apparent to those 
skilled in the art that additional layers may be demodulated 
and decoded in a similar manner. The incoming combined 
signal is represented as: 

SUL(t) = f(Meput +9) X Sun p(- nt. -- 

titlespje, + 6) X. SLp(t-mT + Af. + n (t) 

where, M, is the magnitude of the upper layer QPSK signal 
and M is the magnitude of the lower layer QPSK signal and 
M-M. The signal frequencies and phase for the upper and 
lower layer signals are respectively (), 0 and (), 0. The 
symbol timing misalignment between the upper and lower 
layers is AT. p(t-mT) represents the time shifted version of 
the pulse shaping filter p(t) 414 employed in signal modula 
tion. QPSK symbols S, and S are elements of 

(exp(j), it 0,1,2,3}. 

f() and f() denote the distortion function of the TWTAs for 
the respective signals. 
0040 Ignoring f(t) and f() and noise n(t), the following 
represents the output of the demodulator 404 to the FEC 
decoder 402 after removing the upper carrier: 

st (t) = Mu X. Sun p(t-mT)+ 
ic-& 

Mexplical - cou) + 0 - 0}X Slip( - mT+AT,) 

Because of the magnitude difference betweenM, and M, the 
upper layer decoder 402 disregards the M component of the 
s', (t). 
0041 After subtracting the upper layer from s(t) in the 
subtracter 412, the following remains: 

st(t)= M exptical - cou) + 0 - 0}X Sup( - mT+ AT,) 
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Any distortion effects, such as TWTA nonlinearity effects are 
estimated for signal Subtraction. In a typical embodiment of 
the present invention, the upper and lower layer frequencies 
are Substantially equal. Significant improvements in System 
efficiency can be obtained by using a frequency offset 
between layers. 
0042. Using the present invention, two-layered backward 
compatible modulation with QPSK doubles a current % rate 
capacity by adding a TWTA approximately 6.2 dB above an 
existing TWTA power. New QPSK signals may be transmit 
ted from a separate transmitter, from a different satellite for 
example. In addition, there is no need for linear travelling 
wave tube amplifiers (TWTAs) as with 16 QAM. Also, no 
phase error penalty is imposed on higher order modulations 
such as 8 PSK and 16 QAM. 

Backward Compatible Applications 

0043 FIG. 5A depicts the relative power levels 500 of 
example embodiments of the present invention. FIG. 5A is 
not a scale drawing. This embodiment doubles the pre-exist 
ing rate % capacity by using a TWTA 6.2 dB above a pre 
existing TWTA equivalent isotropic radiated power (EIRP) 
and second TWTA 2 dB below the pre-existing TWTA power. 
This embodiment uses upper and lower QPSK layers which 
are non-coherent. A code rate of% is also used for both layers. 
In this embodiment, the signal of the legacy QPSK signal 502 
is used to generate the upper layer 504 and a new QPSK layer 
is the lower layer 510. The CNR of the legacy QPSK signal 
502 is approximately 7 dB. In the present invention, the 
legacy QPSK signal 502 is boosted in power by approxi 
mately 6.2 dB bringing the new power level to approximately 
13.2 dB as the upper layer 504. The noise floor 506 of the 
upper layer is approximately 6.2 dB. The new lower QPSK 
layer 510 has a CNR of approximately 5 dB. The total signal 
and noise of the lower layer is kept at or below the tolerable 
noise floor 506 of the upper layer. The power boosted upper 
layer 504 of the present invention is also very robust, making 
it resistant to rain fade. It should be noted that the invention 
may be extended to multiple layers with mixed modulations, 
coding and code rates. 
0044. In an alternate embodiment of this backwards com 
patible application, a code rate of 2/3 may be used for both the 
upper and lower layers 504,510. In this case, the CNR of the 
legacy QPSK signal 502 (with a code rate of 2/3) is approxi 
mately 5.8 dB. The legacy signal 502 is boosted by approxi 
mately 5.3 dB to approximately 11.1 dB (4.1 dB above the 
legacy QPSK signal 502 with a code rate of 2/3) to form the 
upper QPSK layer 504. The new lower QPSK layer 510 has a 
CNR of approximately 3.8 dB. The total signal and noise of 
the lower layer 510 is kept at or below approximately 5.3 dB. 
the tolerable noise floor 506 of the upper QPSK layer. In this 
case, overall capacity is improved by 1.55 and the effective 
rate for legacy IRDs will be 76 of that before implementing 
the layered modulation. 
0045. In a further embodiment of a backwards compatible 
application of the present invention the code rates between 
the upper and lower layers 504, 510 may be mixed. For 
example, the legacy QPSK signal 502 may be boosted by 
approximately 5.3 dB to approximately 12.3 dB with the code 
rate unchanged at 9/7 to create the upper QPSK layer 504. The 
new lower QPSK layer 510 may use a code rate of 2/3 with a 
CNR of approximately 3.8 dB. In this case, the total capacity 
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relative to the legacy signal 502 is approximately 1.78. In 
addition, the legacy IRDs will suffer no rate decrease. 

Non-Backward Compatible Applications 

0046. As previously discussed the present invention may 
also be used in “non-backward compatible' applications. In a 
first example embodiment, two QPSK layers 504, 510 are 
used each at a code rate of 2/3. The upper QPSK layer 504 has 
a CNR of approximately 4.1 dB above its noise floor 506 and 
the lower QPSK layer 510 also has a CNR of approximately 
4.1 dB. The total code and noise level of the lower QPSKlayer 
510 is approximately 5.5 dB. The total CNR for the upper 
QPSK signal 504 is approximately 9.4 dB, merely 2.4 dB 
above the legacy QPSK signal rate %. The capacity is 
approximately 1.74 compared to the legacy rate %. 
0047 FIG. 5B depicts the relative power levels of an alter 
nate embodiment wherein both the upper and lower layers 
504,510 are below the legacy signal level 502. The two QPSK 
layers 504, 510 use a code rate of /2. In this case, the upper 
QPSKlayer 504 is approximately 2.0 dB above its noise floor 
506 of approximately 4.1 dB. The lower QPSK layer has a 
CNR of approximately 2.0 dB and a total code and noise level 
at or below 4.1 dB. The capacity of this embodiment is 
approximately 1.31 compared to the legacy rate %. 

CONCLUSION 

0048. The foregoing description including the preferred 
embodiment of the invention has been presented for the pur 
poses of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form dis 
closed. Many modifications and variations are possible in 
light of the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. The above specifica 
tion, examples and data provide a complete description of the 
manufacture and use of the invention. Since many embodi 
ments of the invention can be made without departing from 
the scope of the invention, the invention resides in the claims 
hereinafter appended. 

What is claimed is: 
1. A method of receiving a legacy upper layer signal having 

first signal symbols and a lower layer signal having second 
signal symbols in a layered modulation receiver, the lower 
layer signal non-coherently layered over the legacy upper 
layer signal and receivable by the layered modulation 
receiver, but not receivable by a legacy receiver, comprising 
the steps of: 

demodulating the legacy upper layer signal in the layered 
modulation receivers to produce first signal symbols; 

remodulating the first signal symbols; and 
Subtracting the remodulated first signal symbols from the 

demodulated legacy upper layer signal to produce the 
second signal symbols. 

2. The method of claim 1, wherein the plurality of legacy 
receivers demodulate the legacy upper layer signal to produce 
the first signal symbols and do not demodulate the lower layer 
signal to produce the second signal symbols 

3. The method of claim 1, wherein the legacy upper layer 
signal includes non-linear distortion, and the method further 
comprises the step of: 
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removing non-linear distortion effects from the remodu 
lated legacy upper layer symbols before subtracting the 
remodulated legacy upper layer symbols from the 
demodulated signal. 

4. The method of claim3, wherein the non-linear distortion 
effects are estimated from the transmission signal. 

5. The method of claim3, wherein the non-linear distortion 
effects are estimated from transmission signal transmitter 
characteristics. 

6. The method of claim 1, wherein the a frequency (), of 
the legacy upper layer signal and a frequency () of the lower 
layer signal are offset. 

7. The method of claim 1, wherein the legacy upper layer 
symbols are remodulated according to a pulse shaping filter 
p(t). 

8. The method of claim 1, wherein at least one of the legacy 
upper layer signal and the lower layer signal are quadrature 
phase shift keyed (QPSK). 

9. The method of claim 1, wherein a code rate for at least 
one of the legacy upper layer signal and the lower layer signal 
is 6/7. 

10. The method of claim 1, wherein a code rate for at least 
one of the legacy upper layer signal and the lower layer signal 
is 2/3. 

11. The method of claim 1, wherein a code rate for at least 
one of the legacy upper layer signal and the lower layer signal 
is /2. 

12. The method of claim 1, wherein the lower layer signal 
is generated by power boosting legacy upper layer signal. 

13. The method of claim 1, wherein a total code and noise 
level of the legacy upper layer signal is no greater than a noise 
floor of the lower layer signal. 

14. The method of claim 1, wherein at least one of the 
legacy upper layer signal and the lower layer signal is coded 
using a turbo code. 

15. The method of claim 1, wherein both the legacy upper 
layer signal and the lower layer signal are coded using a single 
turbo code. 

16. The method of claim 1, wherein the legacy upper layer 
signal and lower layer signal each have a carrier frequency 
that is Substantially similar. 

17. The method of claim 1, wherein a carrier frequency of 
the legacy upper layer signal and a second carrier frequency 
of the lower layer signal are offset in frequency. 

18. The method of claim 1, wherein step of decoding the 
demodulated signal to produce legacy upper layer symbols 
comprises the step of Viterbi decoding the demodulated sig 
nal. 

Feb. 26, 2009 

19. The method of claim 1, wherein the step of decoding 
the demodulated signal to produce upper layer symbols com 
prises the step of Reed-Solomon decoding the demodulated 
signal. 

20. A method of receiving a transmission signal having a 
legacy upper layer signal and a lower layer signal non-coher 
ently added to the upper layer signal, the method comprising: 

receiving the legacy upper layer signal and the lower layer 
signal in a plurality of layered modulation receivers, 
comprising the steps of 
demodulating the legacy upper layer signal of the trans 

mission signal to produce a first demodulated signal; 
decoding the demodulated signal to produce legacy 

upper layer symbols, and outputting the upper layer 
symbols to an upper layer transport; 

remodulating the legacy upper layer symbols; 
Subtracting the remodulated legacy upper layer symbols 

from the demodulated signal to produce the lower 
layer signal; 

demodulating the lower layer signal; and 
decoding the demodulated lower layer signal to produce 

second decoded symbols, and outputting the lower 
layer signals to a lower layer transport; and 

receiving the legacy upper layer signal and not the lower 
layer signal in a plurality of legacy receivers, comprising 
the steps of: 
demodulating the legacy upper layer signal of the trans 

mission signal to produce a second demodulated sig 
nal; and 

decoding the second demodulated signal to produce 
legacy upper layer Symbols and outputting the upper 
layer symbols. 

21. The method of claim 20, wherein the legacy upper layer 
signal includes non-linear distortion, and the method further 
comprises the step of: 

removing non-linear distortion effects from the remodu 
lated legacy upper layer symbols before subtracting the 
remodulated legacy upper layer symbols from the 
demodulated signal. 

22. The method of claim 21, wherein the non-linear distor 
tion effects are estimated from the transmission signal. 

23. The method of claim 21, wherein the non-linear distor 
tion effects are estimated from transmission signal transmit 
ter characteristics. 

24. The method of claim 20, wherein the afrequency (), of 
the legacy upper layer signal and a frequency (), of the lower 
layer signal are offset. 

25. The method of claim 20, wherein the legacy upper layer 
symbols are remodulated according to a pulse shaping filter 


