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(57) Abstract: A method includes appending a preamble to a data packet and transmitting the preamble and data packet over a
communication channel in the network. The preamble may be a Beacon, Admission, Broadcast, or High-Throughput Preamble.
The Beacon Preamble includes the following symbols SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, LS1, LSI1, LS1, LS,, LS,
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SS, SS, SS, SS, LSy, LS,, LS;, LS, LS,, LS;, LS,, LS;, CP,, CE, CE. The Broadcast Preamble includes the following symbols
LS1, LSI1, LS1, LSI1, CPO, CE, CE. The high-throughput preamble includes the following symbols CPy, CE. The SS symbol in-
cludes 64 bits, the LS,, LS,, and CP, symbols include 192 bits, the CE symbol mcludes 512 bits, and the CEBeacon symbol 1s a
subset of CE.
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HIGH-EFFICIENCY PREAMBLES FOR COMMUNICATIONS SYSTEMS OVER PSEUDO-
STATIONARY COMMUNICATION CHANNELS

RELATED APPLICATIONS

[0001] The application claims the benefit of United States provisional application
number 61/096,268 filed September 11, 2008, entitled “High efficiency preambles for
communications systems over pseudo-stationary communication channels™, and United States
provisional application number 61/096,435 filed September 12, 2008, entitled “Parametric
construction of PHY-frame preambles on coax™, and United States provisional application
number 61/145,076 filed January 135, 2009, entitled “High efficiency preambles for
communications systems over pseudo-stationary communication channels, and United States
non-provisional application number 12/557,288 filed September 10, 2009, entitled “High

efficiency preambles for communications systems over pseudo-stationary communication

channels.

FIELD OF DISCLOSURE

[0002] The disclosed system and method relate to the transmission of data through a
network. More particularly, the disclosed system and method relate to transmitting data through
an orthogonal frequency division multiplexed (OFDM) network with high-efficiency preambles.

BACKGROUND

[0003] In a conventional Multimedia Over Coaxial Alliance (MoCA) network, data
packets are transmitted over a coaxial communication channel. Each data packet in a
conventional MoCA network includes a preamble followed by a data payload. The preambles
are used to calibrate the receiver to receive the following data with the appropriate gain, phase
and frequency compensation. The preambles are also used by the receiver to determine when the

first OFDM symbol of the payload will be received at the receiver.

10004] FIG. 1 1llustrates five different preambles 102, 122, 132, 142, 152 of four

different lengths that are utilized 1n a conventional MoCA 1.0 network. Each preamble 1s made
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up of some combination of Short Segments (SS), Long Segments (LS), Gaps, Cyclic Prefixes
(CP), and Channel Estimation Symbols (CE).

[0005] Each SS segment 1s defined by a 30-bit binary data input sequence, such as {0111
0000 1000 0111 1100 0100 1111 10}. Each bit of the binary data input sequence 1s modulated
using w/4 — offset Bi-Phase Shift Key (BPSK) modulation.

[0006] Each LS segment 1s defined by one of two 64-bit binary data input sequences:

L.S1, having a binary sequence such as {1111 1101 0101 0110 0100 0100 1011 0110 0011 1010
0001 101011100111 1011 1110} and LS2, having a binary sequence such as {1011 1001 1110
1111 1000 0001 0101 0011 0010 0010 0101 1011 0001 1101 0000 1101}. As 1s the case with
the SS, each bit of the binary data input sequence of the LS 1s modulated as a n/4 — offset BPSK
modulation. As noted in Figure 1, half of the LS segments that are used 1n a Long Sequence 106
are 1nverted (as noted by the negative sign shown for LSs of the second half of the Long
Sequence 106).

[0007] Each Gap consists of 32 in-phase and quadrature zeros at a nominal sample rate of
50 MHz.
[0008] Each CP 1s a repeat of the end of the symbol at the beginning. The purpose 1s to

allow multipath to settle before the main data arrives at the receiver. The receiver 1s normally
arranged to decode the signal after it has settled because this avoids inter-symbol interference.

The length of the cyclic prefix 1s often equal to the duration of the channel impulse response.

[0009] Each CE 1s a 256-bit binary data sequence 1n which each bit 1s modulated on one
of the 256 active sub-carriers. The bit sequence 1s, for example, the binary sequence expressed
in hexidecimal notion as {ABD2 F451 90AE 61E1 D660 D737 3851 2273 6DE9 86ES5 B401
CCC6 8DC1 2613 E116 OE2E} where the first bit in the sequence 1s assigned to the Oth sub-

carrier and the last bit 1s assigned to the 255th sub-carrier.

[0010] The preamble lengths are varied to maximize the available bandwidth for data
transmission. As shown in FIG. 1, the two most robust preambles are the Beacon Preamble 102
and the MAP Preamble 122. The Beacon Preamble 102 and the MAP Preamble 122 are the most
robust and least efficient preambles because they are used for network coordination and contain

information concerning the network. The second most robust preamble type 1s the
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Admission/Probes Preamble 132. The Admission/Probe Preamble 132 1s used by a transmutter to
accommodate a receiver that has little-to-no a prior1 information about the communication link
over which the transmitter will transmit data. The second most efficient preamble 1s the
Broadcast/Data Preamble 142. The Broadcast/Data Preamble 140 1s used to transfer data from a
transmitter to one or more receivers and assumes the receiving node has some a priori
information about the communication link. The most efficient, and thus shortest, preamble 1s the
High-Throughput Unicast Data (HTUD) Preamble 152. The HTUD Preamble 152 1s appended
to the beginning of a data packet when the receiver has a substantial amount of a priori

information about the communication channel.

[0011] BEACON PREAMBLE

[0012] In a conventional MoCA network, a Beacon 100 1s transmitted at regular intervals
by the network’s Network Controller (NC). In some embodiments, the NC transmits a Beacon
100 every 10 ms. A node attempting to join an existing MoCA network may scan for a Beacon
100, which provides network information such as the channel time clock (CTC), the MoCA
network version, and the time of the next admission control frame (ACF) 1n the data payload
160. Once a node has joined a MoCA network, the node uses the Beacons 100 to track the CTC,
determine when the next MAP 120 occurs, and to track a NC handofft, ¢.g., when the NC changes

from one node to another node.

[0013] As shown 1n FIG. 1, the Beacon Preamble 102 includes a Short Sequence 104
followed by a Long Sequence 106. An Access ID 108 follows the long sequence 106 and
precedes a Channel Estimation Training Sequence 110. The data payload 160 follows the

Channel Estimation Training Sequence 110.

[0014] The Short Sequence 104 comprises twelve SS segments, each of which 1s
comprised of 30 time domain samples at a sample rate of 50 MHz. In accordance with one
embodiment of the disclosed method and apparatus, the Short Sequence 104 1s used by a
recerving node for making automatic gain control (AGC) adjustments. There are two scenarios
in which a Beacon 100 may be received at a receiving node. In one scenario, the receiving node
1s attempting to join the MoCA network. Accordingly, the node will have no information about
the network and the Short Sequence 102 1s used to accommodate the AGC adjustments that may

be required by the joining node. In the second scenario, the node 1s already connected to the

_-3--
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network and thus the node will likely need to make few if any AGC adjustments since the NC

regularly transmits messages through the MoCA network.

[00135] Long Sequence 106 comprises eight LS1 segments, each of which are comprised
of 64 time domain samples at a sample rate of 50 MHz. In one embodiment of the disclosed
method and apparatus, the Long Sequence 106 1s used by a receirving node for burst detection,
frequency estimation, deriving packet start time, and making a final AGC adjustment as

described in greater detail below.

[0016] Access ID 108 includes an SS segment, a Gap, and an LS4 segment. The Gap has
a length of 32 samples at a sample rate of 50 MHz, and 1s generated by setting the voltage on the

communication link to zero volts.

[0017] The Access ID 108 of the Beacon Preamble 102 1s used by a node searching for a
Beacon 100 when attempting to join a MoCA network. For example, after burst detection has
been performed by a recerving node, the receiving node will validate the Access ID 108. The
validation of the Access ID 108 1s accomplished by correlating the LS4 segment against a stored
reference of the LS4 segment. If the Access ID 108 1s not validated by the receiving node (e.g.,
there 1s a poor correlation between the stored reference value and incoming LS4 segment), then
the recerving node will assume that burst detection occurred either on the preamble of a non-
Beacon packet or was falsely detected. The receiving node will then reset the burst detector and
continue searching for the Beacon 100 rather than continuing to process the packet. If the
Beacon 100 1s detected, then the receiving node will know a prior1 when the next Beacon 100

will arrive and validation of the Access ID 108 1s not required.

[0018] The Channel Estimation Training Sequence 110 includes a cyclic prefix CP
having a length of 64 samples at a sample rate of 50 MHz, plus an additional 32 samples at a
sample rate of 50 MHz. The cyclic prefix CP and 32 additional samples are followed by two
channel estimation symbols, CE. The Channel Estimation Training Sequence 110 1s used for
estimating the characteristics of the communication link or channel between two nodes. The
cyclic prefix CP and the 32 additional samples 1n conjunction with the 126 samples of the Access
ID 108 ensure that the burst detection and packet start time computations (€.g., when the data

packet 160 will be received) are complete prior to the arrival of the channel estimation symbols,
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CE. In accordance with one embodiment of the disclosed method and apparatus, the two CE

symbols are used to start the frequency and timing tracking loops of the receiving node.

[0019] MAP PREAMBLE

[0020] MAPs 120 are broadcast packets sent by the NC to all of the network nodes to
provide scheduling information and are transmitted on a frequent basis. In some MoCA
networks, the MAPs 120 are transmitted by the NC approximately every 1 ms on average. The
MAPs 120 1dentify when each network node 1s scheduled to transmit data through the network.
As shown 1n FIG. 1, the MAP Preamble 122 1s identical to the Beacon Preamble 102 with the
exception of an LS3 segment being used instead of an LS4 segment. Descriptions of the like

components of the MAP Preamble 122 are omitted to avoid redundancy.

[0021] A network node distinguishes a MAP 120 from a Beacon 100 by the outcome of
the correlation of the LS segment of the Access IDs 108, 124. Accordingly, the LS3 and LS4

segments correlate against one another poorly so that a recerving node may easily distinguish

between a MAP 120 and a Beacon 100.

(0022] ADMISSION/PROBE PREAMBLE

[0023] Admission packets 130 are transmitted prior to a link profile being established for
a node being admitted to the network. Accordingly, an Admission packet 130 1s transmitted
when a network node has little to no information concerning the communication link between 1t
and the admitting network node. In these scenarios, the first Admission packet 130 1s
transmitted 1n an admission request, which has a scheduled time slot as 1dentified by the Beacon
or MAP packet 120. The Probes 130 are transmitted by each of the network nodes and are used
to characterize communication channels between the transmitting network node and each of the
other nodes connected to the network. The Probes 130 are transmitted at regular intervals

between each of the network nodes.

[0024] As shown 1n FIG. 1, the Admission/Probe Preamble 132 1s similar to the Beacon
and MAP Preambles 102, 122 with two exceptions. One difference between the
Admaission/Probe Preamble 132 and the Beacon and MAP Preambles 102, 122 1s that the
Admission/Probe Preamble 132 does not include an Access ID 108, 124. The second difference
between the Admission/Probe Preamble 132 and the Beacon and MAP Preambles 102, 122 1s

-5
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that the cyclic prefix CP of the Channel Estimation Training Sequence 134 is followed by 100

additional 50 MHz samples as opposed to the 32 additional 50 MHz samples implemented 1n the
Beacon and Admission/Probe Preambles 102, 122.

[0025] The processing and use of the Short Sequence 104 and Long Sequence 106 of the
Admission/Probe Preamble 132 are utilized by a receiving node 1in the same manner 1n which
they are used by a recerving node receiving a Beacon or MAP Preamble 102, 122. Similar

descriptions are not repeated.

[0026] The 100 additional samples that follow the cyclic prefix CP 1n the
Admission/Probe Preamble 132 are implemented to ensure that the burst detection and packet
start time computation performed by a receiving node are completed prior to the arrival of the
channel estimation symbols CE. The CE symbols are used to start the frequency and timing

tracking loops of the receiving node.

(0027] BROADCAST DATA PREAMBLE

[0028] The Broadcast/Data Preamble 142 1s attached to the beginning of all data packets
that are broadcast by a network node. The Broadcast/Data Preamble 142 1s shorter in length than
the Beacon, MAP, and Admission/Probe Preambles 102, 122, 132 because the receiving nodes
will have some information concerning the communication channels through which they waill

receive the data.

[0029] As shown 1n FIG 1, the Broadcast/Data Preamble 142 includes a Medium
Sequence 144 followed by a Channel Estimation Training Sequence 134. Medium Sequence 144
includes a single SS segment used for AGC adjustment followed by four LS1 segments, which 1n
accordance with one embodiment of the disclosed method and apparatus, are used to perform a

final AGC adjustment, burst detection, frequency estimation, and to derive the start time of the

data.

[0030] The Channel Estimation Training Sequence 134 includes the cyclic prefix CP and
100 additional 50 MHz samples followed by two CE symbols. The 100 samples that follow the
CP ensure that burst detection and packet start time computations performed by receiving nodes
1s completed prior to the arrival of the channel estimation symbols, CE, which are used to start

the frequency and timing tracking loops of the receiving node.

-
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[0031] HTUD PREAMBLE
[0032] The HTUD Preamble 152 1s the most efficient Preamble and 1s reserved for

unicast data transmission between nodes having considerable a prior1 information concerning the
communication channel through which they communicate. As shown in FIG. 1, the HTUD

Preamble 152 includes an LS2 segment followed by the Channel Estimation Training Sequence

134.

[0033] The LS2 segment of the HTUD Preamble 152 1s used for burst detection and
deriving the start time of the data. Frequency estimation and AGC adjustments are not
performed as the receirving nodes rely on a priori gain and frequency estimates to maximize data

throughput.

[0034] While preambles are necessary to calibrate the receiver and 1dentify the start of
the data, they take up valuable network bandwidth and reduce the throughput of the

communication channel.

[0035] Accordingly, high-efficiency preambles for communication systems over pseudo-

stationary communications systems are desirable.

SUMMARY

[0036] A method and apparatus 1s disclosed herein for transmitting a data packet through
a network, including appending a preamble to the data packet and transmitting the preamble and
data packet over a communication channel in the MoCA network. In accordance with one
embodiment, the preamble 1S one or more of a Beacon, Admission, Broadcast/Unicast, MAP or
High-Throughput Preamble. The Beacon Preamble includes the following symbols SS, SS, SS,
SS, SS, SS, SS, SS, SS, SS, SS, SS, LS, LS, LS, LS;, LS, LSy, LSy, LSy, CPg, CEgBeacon,
CEgeacon. The Admission Preamble includes the following symbols SS, SS, SS, SS, SS, SS, SS,
SS, SS, SS, SS, SS, LS, LS, LSy, LSy, LSy, LS, LSy, LS, CPg, CE, CE. The MAP Preamble
includes the following symbols SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, SS, LS,, LS,, LS,,
LS,, LSy, LS,, LS,, LS,, CPgy, CE, CE. The Broadcast Preamble includes the following symbols
LSi, LS, LS, LS;, CPy, CE, CE. The Unicast Preamble includes the following symbols CPy,
CE, CE. The MAP Preamble includes the following symbols LS,, LS,, LS,, LS,, CPy, CE, CE.
The High-Throughput Preamble includes the following symbols CPy, CE. The SS symbol 1s

Ny
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defined by 64 baits, the LS;, LS,, and CPy symbols are each defined by 192 bits, the CE symbol 1s
defined by 512 buts.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] FIG. 1 1llustrates conventional preambles used in a MoCA 1.0 network.

[0038] FIG. 2 1llustrates one embodiment of high-efficiency preambles in accordance

with the present disclosure.

[0039] FIG. 3 illustrates a simplified architecture of a transmission channel and a

receiving channel of a MoCA 2.0 node 1n accordance with the present disclosure.

DETAILED DESCRIPTION
[0040] HIGH-EFFICIENCY PREAMBLES
[0041] The MoCA 1.0 preambles illustrated in FIG. 1 and described above have been the

industry standard for several years. However, these preambles include inefficiencies that restrict

the maximum obtainable throughput of a MoCA network.

[0042] The high-efficiency preambles described in detail below perform similar
functions to those of the MoCA 1.0 preambles, but enable a higher throughput, more accurate
power estimation and more accurate burst detection times, compared to the preambles of MoCA
1.0. Additionally, the data throughput of a MoCA network can be further increased by using
ranging. For example, ranging enables a receiving node to predict when a packet will arrive by
determining the distance between itself and the transmitting node. Accordingly, ranging enables
a recerving node to narrow the window 1n which it looks to receive an incoming data packet as

the recerving node will be able to determine when the packet should arrive.
[0043] BEACON PREAMBLE

10044 ] FIG. 2 1llustrates one embodiment of high-efficiency preambles 202, 212, 222,
232 1n accordance with the present disclosure. In accordance with one embodiment, as shown in
FIG. 2, a Beacon Preamble 202 may include a Short Sequence 204 followed by a Long Sequence

206. In one such embodiment, a Channel Estimation Correlation Sequence 208 and a data

8-
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payload 260 follow the Long Sequence 206. In one embodiment, such a Beacon Preamble 202 1s
used when all of the nodes 1n the network will be capable of detecting this Beacon Preamble 202.
That 1s, this Beacon Preamble 202 1s best used in networks in which legacy devices that can only
detect MoCA 1.0 Beacons 100 (shown in FIG. 1) are not permitted to join as nodes to the
network. Alternatively, in some embodiments of the disclosed method and apparatus, the
Beacon 100 1s used 1n place of the more efficient Beacon 200 to allow legacy nodes to join the

network.

[0045] In some embodiments, the Short Sequence 204 includes twelve “SS” Orthogonal
Frequency Division Multiplexed (OFDM) symbols, each defined by 64 frequency domain bats.
That 1s, each SS symbol 1s generated by using a 64-bit data sequence that 1s Bi-Phase Shift Key
(BPSK) modulated onto 64 sub-carriers spaced over 100 MHz. In one particular embodiment,
the spacing 1s even. Alternatively, the spacing can be selected to achieve a particular purpose.
Each BPSK modulated sub-carrier 1s translated to the time-domain using a 64-point Inverse Fast
Fourier Transform (IFFT). The samples from each of the 64 sub-carriers are summed 1n a
parallel to serial converter to obtain one complex sample. Sixty-four such samples comprise an
SS symbol. The time domain samples are generated at a 100 MHz sample rate. Accordingly,
cach sample represents the complex summation of all 64 sub-carriers over a discrete period of
time equal to 1/(100°) sec. The Short Sequence 204 consists of 12 such SS symbols. In
accordance with one embodiment, each SS symbol 1s generated using the following short

sequence (starting at sub-carrier 0 through sub-carrier 511 in steps of 8):

[0046] SS = [x001 0000 1111 1010 1101 0001 0011 101x xx00 0101 1110 0010 1101
1010 0001 0000]:

10047] where a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point
{—1, 0}, and an ‘x’ represents {0, 0}. Additional details regarding the generation of the

preambles are presented below with regard to FIG. 3.

[0048] The Long Sequence 206 includes eight “LS;” symbols, each of which, in
accordance with one embodiment of the disclosed method and apparatus, are defined by 128

frequency domain bits.
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[0049] In accordance with one embodiment, LS, 1s generated using the following long

sequence (starting at sub-carrier 0 through sub-carrier 511 in steps of 4):

[0050] LS; =[x010 1011 1001 0010 1010 1011 1000 1001 0011 1001 0111 1100 1100
1001 0110 Ixxx xxxx 1111 0000 0110 1000 0001 1111 1100 1101 0101 11101111 1010 0011
0001 0000],

[0051] where a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point
{—1, 0}, and an ‘x’ represents {0, 0}. Accordingly, sub-carrier O (the first sub-carrier) 1s
modulated with x, sub-carrier 3 1s modulated with a zero, sub-carrier 7 1s modulated with a one,

sub-carrier 10 1s modulated with a zero, etc.

[0052] In one embodiment, the content of the Long Sequence 206 can be unique to the
Beacon Preamble, and so a receiver can use the content of the Long Sequence 206 to identify the

Beacon Preamble as such.

[0053] A Channel Estimation Correlation Sequence 208 includes a cyclic prefix “CPgy”
followed by two Beacon Channel Estimation Sequences, “CEgeacon - Each CEgeacon 18 defined by
512 frequency domain bits. In some embodiments, the cyclic prefix CPg has a length of 128
frequency domain bits. In an alternative embodiment of the disclosed method and apparatus, the
length 1s 192 frequency domain bits. It will be understood by those skilled 1n the art that other

lengths are possible as well.

10054] A recerving node uses the Channel Estimation Correlation Sequence 208 to
measure the channel response (the response of the communication channel between nodes), such
that the channel’s effects can be compensated for when decoding the data symbols. In addition,
the channel estimation symbols are used to make long-term AGC energy measurements and to
estimate the frequency offset (1f two CE symbols are transmitted). It should be noted that one
difference between the Channel Estimation Correlation Sequence and the MoCA 1.0 Channel
Estimation Training Sequence 110 shown 1n FIG. 1 1s that in the presently disclosed method and
apparatus, the symbols of the Channel Estimation Correlation Sequence 208 are transmitted on
all available sub-carriers. That 1s, 1n accordance with one embodiment of the presently disclosed

method and apparatus, the Channel Estimation Correlation Sequence 1s transmitted on sub-

carriers 4 thru 243 and 263 thru 508 (480 total sub-carriers). In contrast, MoCA 1.x mandated
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that the channel estimation symbols be transmitted on used sub-carriers only. Transmitting on
all available sub-carriers (a) improves the performance of channel smoothing, (b) results in a
constant and thus predictable channel estimation symbol, which 1s important for burst detection
performance and (¢) eliminates degenerate cases where the elimination of particular sub-carriers

causes the Peak-to-Average Ratio (PAR) to exceed the transmitter clipping ratio. The PAR 1s

measured as the magnitude (I” + Q7).

[00535] The Short Sequence 204 of the Beacon Preamble 202 may be used by a receiving
node for AGC adjustments. Long Sequence 206 of Beacon Preamble 202 may be used by a
rece1ving node to perform minor AGC adjustments, burst detection, frequency estimation, and

deriving the start time of the data payload 260.

[0056] As shown 1n FIG. 2, the improved Beacon Preamble 202 does not include an
Access ID 108 (seen 1n FIG. 1). In some embodiments of MoCA, the Access ID 108 was
intended to be used by a receiver to distinguish a Beacon packet from a MAP packet. When
looking for an asynchronous Beacon (1.e. when the arrival time of the Beacon 1s unknown), the
Access ID was used to distinguish the Beacon from MAP packets and Admission/Probe packets.
Note that for packets being transmitted in a MoCA network, all packets other than the Beacon
are synchronous. Accordingly, the receiver knows a priori what packet type 1s going to be
recerved and thus 1gnores the Access ID. In accordance with one embodiment of the presently
disclosed method and apparatus, the CEgeacon, Or Some subset thereof, 1s used as a Channel
Estimation Correlation Sequence 208 to distinguish the packets of a Beacon 200 from other
packets, thus allowing the elimination of the Access ID 108 from the presently disclosed method
and apparatus. Eliminating the Access ID 108 from the Beacon Preamble 202 provides

improved data throughput through the communication channel.

[0057] Additionally, eliminating the Access ID 108 and implementing a 192 sample CPy
enables a recerving node to better estimate the energy of the incoming packet. As described
above, the Access ID 108 of the MoCA 1.0 Beacon Preamble 102 begins with a 32 sample SS
symbol followed by a zero volt Gap. Due to signal processing delays, a receiving node may
frequently underestimate the power of the incoming packet as the energy measurements
performed during the AGC adjustments would include a portion of the Gap, resulting 1in a power

underestimation of approximately 1 dB, depending upon the implementation.
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[0058] The improved Beacon Preamble 202 of the presently disclosed method and
apparatus enables more accurate power estimation by eliminating the Access ID 108 and
providing a cyclic prefix CPy, which may have one or more non-zero values. Accordingly, if a
recerving node experiences signal processing delays, the non-zero volt values of the cyclic prefix

CPy eliminate the power underestimation by the receiving node.

[0059] In one embodiment of the disclosed method and apparatus, a Channel Estimation
Correlation Sequence 208 may be used by a receirving node to distinguish a Beacon from other
packets, ¢.g., validate that the packet 1s in fact a Beacon 200. Receiving nodes may determine
that a preamble 1s a Beacon Preamble 202 because the Beacon Preamble 202 1s the only
preamble that includes a Beacon Channel Estimation (CEgeacon) Symbol. For example, a
receiving node may correlate the received CEgeacon Symbol against the symbol 1t expects to
receive 1n a Beacon Preamble. The results of the correlation of the CEgeacon and the reference
symbol will 1identify whether the received preamble was a Beacon Preamble, as described 1n
greater detail below. In one embodiment, the receiver looks for whether a CE symbol 1s
received. If a CE symbol was not received, the receiving node determines that the preamble 1s a
Beacon Preamble 202 as 1t 1s the only preamble that does not include the CE symbol, but rather

includes a CEgeacon Symbol.

[0060] In another embodiment of the disclosed method and apparatus, 1n addition to, or
instead of, using a unique channel estimation symbol, a different set of LS symbols (1.e. LS; vs.

LLS,) can be used for Beacons.

[0061] ADMISSION/PROBE PREAMBLE

[0062] As shown 1n FIG. 2, an Admission/Probe Preamble 212 may include the Short
Sequence 202 including a plurality of SS symbols followed by the Long Sequence 214 including
a plurality of LS; symbols. The Long Sequence 214 may be followed by a Channel Estimation

and Training Sequence 216 that may include the cyclic prefix CPy and two channel estimation

symbols, CE.

[0063] One embodiment of the disclosed method and apparatus uses the following CE

symbol (starting at sub-carrier 0 through sub-carrier 511):
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10064 ] CE =[xxxx 1011 1101 0010 1111 0100 0101 0001 1001 0000 1010 1110 0110
0001 11100001 1101 011001100000 1101 0111 0011 0111 0011 1000 0101 0001 0010 0010
01110011 1111 0011 0000 1110 1011 1100 0001 0010 0010 0101 1010 1110 1001 1100 1000
1110 0000 0011 1010 1000 0111 1011 0101 111011100011 1100 0100 1011 xXXX XXXX XXXX
xxxx xxxx xxxx x001 0010 1011 0100 1000 1001 0010 0000 0011 1111 1001 0100 0111 0010
1100 0010 1001 1101 1100 11000111 0110 0000 1100 0111 0010 01100110 1100 0110 1101
1110 1001 1000 0110 1110 0101 1011 0100 0000 0001 1100 1100 1100 0110 1000 1101 1100
0001 0010 0110 0001 0011 1110 0001 0001 0110 0000 1110 0010 1xxx]

100635] where a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point

{—1, 0}, and an ‘x’ represents {0, 0}. Using the hexadecimal notation of MoCA 1.x, this can be

written as:

[0066] CE=[ ABD2 F451 90AE 61E1 D660 D737 3851 2273 F30E BCI12
25AE 9C8E 03A8 7B5SE E3C4 Bxxx xxx1 2B48 9203 F947 2C29
DCC7 60C7 266C 6DE9 86E5 B401 CCC6 8DCI 2613 E116 OE2E]

[0067] The first and last 128 sub-carriers have the same CE symbol as defined by the

industry standard MoCA 1.x (1.e., MoCA 1.0, 1.1, ...etc.); only the center 256 sub-carriers are
newly defined. This reduces the memory requirements and control logic for generating the CE

symbol.

[0068] The channel estimation symbols shall modulate all of the available sub-carriers
and not just those sub-carriers which are used by a particular packet. For example, 1f a particular
sub-carrier 1s bitloaded to zero due to low signal-to-noise ratio or other considerations, the

channel estimation symbol shall still transmit that sub-carrier.

[0069] In some embodiments, the LS, symbol may be used instead of LS; symbol. In
embodiments in which a Beacon 200 1s used, the CEgeacon Symbol may be used by a receiving

node to distinguish between a Beacon 200 and an Admission/Probe 210.

[0070] MAP PREAMBLE

[0071] In a MoCA network, MAP packets 120 are transmitted as broadcast messages to

cach node connected to the network. Accordingly, in one embodiment, the improved high-
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efficiency preambles include a single preamble that 1s used for both the MAP packets and
broadcast packets. However, as shown 1n FIG. 2, a MAP Preamble 215 may include a Medium
Sequence 223 including a plurality of the LS, symbols. The LS, symbols are unique to the MAP
Preamble and allow the receiver to distinguish the MAP packets from all other types of packets.

[0072] In accordance with one embodiment of the disclosed method and apparatus, use

the following long sequence (starting at sub-carrier 0 through sub-carrier 511 1n steps of 4):

|0073] LS2 =[x101 1100 0001 1010 0100 1011 1011 1001 0011 0101 1101 0000 1000
0101 0011 Oxxx xxxx 1111 0010 1000 O111 0011 0011 O111 0101 0110 1001 1111 0011 1011

1000 1000]

10074] where a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point
{—1, 0}, and an ‘X’ represents {0, 0}.

[0075] The Medium Sequence 223 1s followed by a Channel Estimation Training
Sequence 226. The Channel Estimation Training Sequence 226 may include a cyclic prefix CPy

and the channel estimation symbol CE. In some embodiments, a second CE symbol may follow

the first CE symbol.

[0076] In accordance with the presently disclosed method and apparatus, the MAP packet
1s sent relatively frequently. Thus, 1n accordance with the presently disclosed method and
apparatus, the receiver gains a high confidence 1n the channel characteristics from these
frequently received MAP packets. By relying upon the information gathered from previously
sent packets, the short sequence of the MAP packets of the presently disclosed method and
apparatus are not required to be used for AGC or frequency estimation given that the gain and
frequency offsets can be easily be inferred from previous transmissions and tracked on the many
MAP packets being generated and received. Therefore, the MAP Preamble of the presently
disclosed method and apparatus does not have SS symbols. Furthermore, the number of LS
symbols 1s reduced in the MAP Preamble 215 shown 1n FIG. 2 to four from the eight that are
provided in the MAP Preamble 120 shown in FIG. 1.

[0077] Accordingly, the improved MAP Preamble 215 is significantly shorter than the
MAP Preamble 122 shown in FIG. 1, thereby reducing the amount of data transmitted through a
network. The savings in bandwidth 1s significant, as MAPs 120, 220 are frequently transmitted
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by the NC to other nodes. Additionally, the frequency with which a MAP 120, 220 1s
transmitted by an NC enables the MAP Preamble 222 to be shortened because the receiving node
will likely not need to make AGC adjustments as 1t will have a priori information concerning the

characteristics of the transmission channel between 1tself and the transmitting node.

[0078] BROADCAST AND UNICAST PREAMBLE

[0079] The Broadcast and Unicast Preamble 220 shown 1n FIG. 2 has essentially the
same format as the MAP Preamble 215 with the exception of using LS; symbols rather than LS,
symbols 1n the Medium Sequence 224.

|0080] HTUD PREAMBLE

[0081] As shown 1n FIG. 2, the HTUD Preamble 232 may include a Channel Estimation
Training Sequence 226 comprising the cyclic prefix CPg followed by the channel estimation
symbol CE. The HTUD Preamble 232 may include the cyclic prefix CPg followed by the
channel estimation symbol CE. In some embodiments, a second channel estimation symbol CE

may follow the first CE symbol.

[0082] The improved HTUD Preamble 232 eliminates the need for an LS, symbol
preceding the Channel Estimation Training Sequence 134 1n the HTUD Preamble 152 shown 1n
FIG. 1. HTUD packets 150, 230 are the most common packets transmitted in a MoCA network.
Thus, the reduced length of the HTUD Preamble 232 increases the amount of data transmitted in
the network and increases throughput. It should be noted that the LS, symbol can be eliminated
because, 1n accordance with one embodiment of the presently disclosed method and apparatus,
burst detection 1s performed by a recerving node correlating a known symbol with a portion of
the channel estimation symbol, CE (or, alternatively, the entire symbol). This may require some
buffering of the channel estimation symbol 1n the receiver, however, given that these packets are

the predominant packet type, the improved throughput benefit will typically outweigh the costs

of buffering.
[0083] TRANSMISSION AND RECEIVER PROCESSING CHANNEL
[0084] FIG. 3 illustrates one example of a node 300 of a MoCA communication network

coupled through the communication link 315 to a second node 320 1n the MoCA communication
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network. In accordance with one embodiment of the disclosed method and apparatus, the node
300 includes a preamble generator 301 that receives a serial bit stream of frequency domain data
bits. The serial bit stream 1s coupled to the preamble generator from either a preamble sequence
source 303 or a payload data source 305. The node 300 includes a serial-to-parallel (S2P) block
302, a QAM map 304, an Inverse Fast Fourier transform (IFFT) block 306, parallel-to-serial
(P2S) block 308, and a CP inserter block 310. The S2P 302 receives and assigns each of the
frequency domain data bits to one of a plurality of sub-carriers of a carrier signal, as illustrated in

FIG. 3, by the plurality of outputs emanating from the S2P block 302.

[0085] In some embodiments, the serial stream of bits provided by the preamble
sequence source 303 provides a bit stream that defines portions of each of the preambles 202,
212,222, 232 shown 1in FIG. 2. Those portions of the bit stream include a 512-bit channel
estimation sequence that defines the CE symbols, a 128-bit LS sequence that defines the LS
symbols and a 64-bit SS sequence that defines the SS symbols. The serial bit stream 1s
modulated by the QAM map 304 using BPSK. Each bit of the 512-bit channel estimation
sequence 1s assigned to a unique one of the sub-carriers; each bit of a 128-bit LS sequence 1s
assigned to every fourth sub-carrier (the remaining sub-carriers are not modulated); and each bit
of a 64-bit SS sequence 1s assigned to every eighth sub-carrier (the remaining sub-carriers are not
modulated). One skilled 1n the art will understand that other modulation techniques including,
but not limited to, 16-bit quadrature amplitude modulation (16-QAM), 32-QAM, 64-QAM, 128§-
QAM, 256-QAM or the like, may be used.

[0086] The QAM MAP block 304 1s configured to modulate each bit on each sub-carrier.
For example, 1f a preamble 1s modulated using BPSK, then a ‘0’ may be modulated onto 1, 43, a
‘1’ may be modulated onto -1, -j and an “unmodulated” sub-carrier may be “modulated” to 0, 0.
The bits of the data payload 260 are modulated using the appropriate QAM constellation as
understood by one skilled in the art. This is done by modulating every N™ sub-carrier (i.e., N =
1, 4, 8) with one bit of the frequency domain bit stream. The IFFT block 306 converts the
frequency-domain OFDM symbol output by the QAM map 304 into a stream of parallel time-
domain symbols comprised of a parallel set of time domain samples at a sample rate of 100
MHz. The parallel time-domain symbols output by the IFFT block 306 are N repetitions of a
1/N-length sequence. For example, if the SS sequence includes 64-bits and every eighth sub-
carrier 1s modulated, then a 512-sample output of the IFFT block 306 consists of eight identical
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repetitions of a 64-sample sequence. Likewise, every fourth sub-carrier 1s modulated for a 128-
bit LS sequence resulting in the output of the IFFT block 306 being four identical repetitions of a

128-sample sequence.

[0087] The parallel-to-serial (P2S) block 308 converts the output of the IFFT block 306
into a sample stream for transmission over the communication link 315. The CP inserter block
310 may repeat portions of the OFDM symbols 1n order to provide guard time between symbols
to protect against inter-symbol interference (ISI). For example, the CP inserter block 310 repeats

preamble sequences, such as the 512-sample cyclic prefix CP.

[0088] The receiving channel 320 includes a receiver section 321. The recerver section
321 typically will include an analog-to-digital converter (ADC) 322 configured to receive the
analog signal from the communication channel 315 and convert it to a digital signal. It will be
understood by those skilled 1n the art that the recerver section 321 will typically also include
frequency conversion and filtering (not shown 1n FIG. 3). However, 1n alternative embodiments,
the receiver section may include only some of these components as necessary to receive and
initially process the incoming received signals. The digital signal 1s received at an automatic
gain controller (AGC) 324, which measures the energy of the received preamble 202, 212, 222,
232 and adjusts the gain of the receiver section (and more particularly in one embodiment, the
ADC 324) such that the dynamic range of the data packet 260 fits within the dynamic range of
the ADC 322 so that the data may be properly processed.

[0089] In one embodiment of the disclosed method and apparatus, a cross-correlator 326
compares a stored 2-bit quantized reference of each sample of the CE symbol with the output of
the ADC 322. In some such embodiments, the quantized reference may be a-1, 0, or a +1 as -2
1s not used. The cross-correlator 326 performs a cross-correlation by multiplying each 2-bit
value of the stored quantized reference by the corresponding sample of the received quantized
symbol. Once each complex sample of the received signal has been multiplied by i1ts
corresponding 2-bit complex value in the quantized reference, the magnitude of the complex
result 1s obtained. If the magnitude 1s a large number, then there 1s a good cross-correlation.
However, if the magnitude 1s a small number, then there 1s a poor cross-correlation. In
accordance with one embodiment, the cross-correlator 326 1s used to detect whether a CEgeacon

has been received.

_-17--



CA 02736268 2011-03-04
WO 2010/030831 PCT/US2009/056587

[0090] The burst detector 328 of recerver processing channel 320 may perform burst
detection to detect the presence of the CE symbol in the receiving channel 320. For example,
burst detection may be performed by observing a succession of linearly increasing peaks output

from the cross-correlator 326.

[0091] The high-efficiency preambles described above enable higher data throughputs to
be achieved in MoCA networks. In some embodiments, throughput increases of approximately
5-26 megabits per second (Mbps) may be realized, which 1s a substantial increase due to the
bandwidth limitations of coaxial networks (1.e., networks 1n which nodes are connected to one

another over coaxial cabling).

[0092] In addition to the above described embodiments, the disclosed method and system
may be embodied 1n the form of computer-implemented processes and apparatus for practicing
those processes. The present disclosed method and apparatus may also be embodied 1n the form
of computer program code embodied in tangible media, such as floppy diskettes, read only
memories (ROMs), CD-ROMs, hard drives, "ZIP™" high density disk drives, DVD-ROMs, blu-
ray drives, flash memory drives, or any other computer-readable storage medium, wherein, when
the computer program code 1s loaded 1nto and executed by a computer, the computer becomes an
apparatus for practicing the disclosed method and system. The present disclosed method and
apparatus may also be embodied in the form of computer program code, for example, whether
stored 1n a storage medium, loaded into and/or executed by a computer, wherein, when the
computer program code 1s loaded into and executed by a computer, the computer becomes an
apparatus for practicing the disclosed method and apparatus. When implemented on a general-
purpose processor, the computer program code segments configure the processor to create

specific logic circuits.

[0093] Although the invention has been described 1in terms of exemplary embodiments, 1t
1S not limited thereto. Rather, the appended claims should be construed broadly, to include other
variants and embodiments of the invention, which may be made by those skilled 1n the art

without departing from the scope and range of equivalents of the invention.
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What 1s claimed 1s:

1. A method of transmitting an admission data packet through a coaxial network,

comprising:

a) generating an Admission Preamble including the following symbols SS, SS, SS,
SS, SS, SS, SS, SS, SS, SS, SS, SS, LS, LSy, LS;, LSy, LS;, LS;, LS;, LS;, CPq,
CE, CE;

b) appending the Admission Preamble to a data payload; and

C) transmitting the admission data payload and appended Admission Preamble over
coaxial cable in a MoCA network;

wherein the SS symbol 1s defined by a 30-bit binary data input sequence, the LS; symbol

1s defined by a 64-bit binary data input sequence, CPg 1s a repeat of the end of the

symbol, and CE 1s a 256-bit binary data sequence in which each bit 1s modulated on one

of a plurality of active sub-carriers.

2. The method of Claim 1, wherein:

a) generating comprises using the following short sequence: SS = [x001 0000 1111

1010 1101 0001 0011 101x xx00 0101 111000101101 1010 0001 0000]; and
b) a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point {—1, 03},

and an ‘x’ represents the BPSK point {0, 0}

3. The method of Claim 1, wherein:
a) generating comprises using the following long sequence: LS; = [x010 1011 1001
0010 1010 1011 1000 1001 0011 1001 O111 1100 1100 1001 0110 Ixxx xxXXX
1111 0000 0110 1000 0001 1111 1100 1101 0101 11101111 1010 0011 0001
0000] to generate each LS; symbol; and
b) a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point {—1, 0},
and an ‘x’ represents BPSK point {0, 0}.

4. The method of Claim 1, wherein:
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a) generating comprises using the following CE symbol: CE = [xxxx 1011 1101

0010 1111 0100 0101 0001 1001 0000 1010 11100110 0001 1110 0001 1101
0110 01100000 1101 0111 0011 0111 0011 1000 0101 0001 0010 0010 O111
0011 1111 0011 0000 1110 1011 1100 0001 0010 0010 0101 1010 1110 1001
1100 1000 1110 0000 0011 1010 1000 0111 1011 0101 1110 11100011 1100
0100 1011 xxxx xxxx xxxx xxxx xxxx xxxx x001 0010 1011 0100 1000 1001
0010 0000 0011 1111 1001 0100 0111 0010 1100 0010 1001 1101 1100 1100
0111 01100000 11000111 0010 01100110 110001101101 1110 1001 1000
0110 11100101 1011 0100 0000 0001 1100 1100 1100 0110 1000 1101 1100
0001 0010 0110 0001 0011 1110 0001 0001 0110 0000 1110 0010 1xxx] to
generate each CE symbol; and
b) a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point {—1, 0},

and an ‘X’ represents BPSK point {0, 0}.

A method of transmitting broadcast and unicast data packets through a coaxial network,

comprising:

a) generating a Broadcast and Unicast Data Preamble including the following
symbols LS, LS, LS;, LS, CPy, CE;

b) appending the Broadcast and Unicast Data Preamble to a data payload; and

C) transmitting the data payload and appended Broadcast and Unicast Data Preamble
over a communication channel in a MoCA network;

wherein the LS; symbol 1s defined by a 64-bit binary data input sequence, CPg 18 a repeat

of the end of the symbol, and CE 1s a 256-bit binary data sequence 1n which each bit 1s

modulated on one of a plurality of active sub-carriers.

The method of Claim 5, wherein:

a) generating comprises using the following long sequence: LS; = [x010 1011 1001
0010 1010 1011 1000 1001 0011 1001 O111 1100 1100 1001 0110 Ixxx xxxX
1111 0000 0110 1000 0001 1111 11001101 0101 11101111 10100011 0001

0000] to generate each LS; symbol; and

_-20)--



CA 02736268 2011-03-04

WO 2010/030831 PCT/US2009/056587

b)

a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point {-1, 0},
and an ‘x’ represents BPSK point {0, 0}.

7. The method of Claim 5, wherein:

a)

b)

generating comprises using the following CE symbol: CE = [xxxx 1011 1101

0010 1111 0100 0101 0001 1001 0000 1010 11100110 0001 1110 0001 1101
011001100000 1101 0111 0011 0111 0011 1000 0101 0001 0010 0010 0111
0011 1111 0011 0000 1110 1011 1100 0001 0010 0010 0101 10101110 1001
1100 1000 1110 0000 0011 1010 10000111 1011 0101 1110 11100011 1100
0100 1011 xxxx xxxx xxxx xxxx xxxx xxxx x001 0010 1011 0100 1000 1001
0010 0000 0011 1111 1001 0100 0111 0010 11000010 1001 1101 1100 1100
0111 0110 0000 11000111 001001100110 11000110 1101 1110 1001 1000
0110 11100101 1011 0100 0000 0001 1100 1100 1100 0110 1000 1101 1100
0001 0010 0110 0001 0011 1110 0001 0001 0110 0000 1110 0010 1xxx] to

generate each CE symbol; and

a ‘0’ represents the BPSK point {+1, 0}, a ‘1’ represents the BPSK point {—1, 0},
and an ‘x’ represents BPSK point {0, 0}.

3. A method of transmitting MAP packets through a coaxial network, comprising:

a)

b)
c)

generating a MAP Preamble including the following symbols LS,, LS,, LS,, LS,,
CPO, CE;

appending the MAP Preamble to a data payload; and

transmitting the data payload and MAP preamble over a communication channel

in a MoCA network;

wherein the LS, symbol 1s defined by a 64-bit binary data input sequence that is unique to
the MAP preamble, CPO 1s a repeat of the end of the symbol, and CE 1s a 256-bit binary

data sequence 1n which each bit 1s modulated on one of a plurality of active sub-carriers.

The method of Claim § further including:
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a) receiving the transmitted MAP preamble 1n a node of the coaxial network; and

b) 1dentifying the received preamble as a MAP preamble based upon the content of
the LS, symbol.

A method of transmitting High-Throughput Unicast (HTU) data packets through a

coaxial network, comprising:

a) gencrating an HTU preamble including the following symbols CPO, CE;

b) appending the HTU preamble to a data payload; and

C) transmitting the data payload and HTU preamble over a communication channel
in a MoCA network;

wherein the CPO 1s a repeat of the end of the symbol, and CE 1s a 256-bit binary data

sequence 1n which each bit 1s modulated on one of a plurality of active sub-carriers.

The method of Claim 10, further including:

a) generating an Admission Preamble including the following symbols SS, SS, SS,
SS, SS, SS, SS, SS, SS, SS, SS, SS, LS1, LS1, LS1, LS1, LS1, LS1, LSI, LS1,
CPO, CE, CE;

b) appending the Admission Preamble to a data payload; and

C) transmitting the admission data payload and appended Admission Preamble over
a communication channel in a MoCA network;

wherein the SS symbol 1s defined by a 30-bit binary data input sequence, and the LS1

symbol 1s defined by a 64-bit binary data input sequence.

The method of Claim 11, further including:

a) generating a MAP preamble including the following symbols:
1) 4 LS symbols;
111) a cyclic prefix; and
111) a CE symbol;

b) appending the MAP preamble to a data payload; and
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C) transmitting the data payload and appended MAP preamble over a communication

channel in a MoCA network.

The method of Claim 11, further including:

a) generating a broadcast and unicast data preamble including the following symbols
L.S1,LS1, LS1, LS1, CPO, CE;

b) appending the broadcast and unicast data preamble to a data payload; and

C) transmitting the data payload and appended broadcast and unicast data preamble

over a communication channel in a MoCA network.

A method of transmitting Beacon packets through a coaxial network, comprising:
a) generating a Beacon Preamble including the following symbols:
1) 12 SS symbols;
11) 8 LS symbols;
111) A Channel Estimation Correlation Sequence having:
A) a cyclic prefix; and
B) 2 CEgeacon Symbols;
b) appending the Beacon Preamble to a data payload; and
C) transmitting the data payload and Beacon Preamble over a communication
channel in a MoCA network;
wherein the cyclic prefix 1s a repeat of the end of the symbol, and CEgeacon 1S @ 256-bit
binary data sequence 1n which each bit 1s modulated on one of a plurality of active sub-
carriers, the SS symbol 1s defined by a 30-bit binary data input sequence and the LS;
symbols are each defined by a 64-bit binary data input sequence.

A method for receiving packets over a communications network including:
a) receiving a preamble having a CEgeacon;

b) 1dentifying the preamble as a Beacon Preamble based upon the content of the

CEBeacon; and
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C) using the CEgeacon t0 measure the channel response, such that the channel’s effects

16.

17.

18.

19.

can be compensated for when decoding subsequently received data symbols.

The method of Claim 15, further including using the CEgeacon to make long-term AGC

energy measurements and to estimate a frequency offset.

A method for receiving packets over a communications network including:

a) rece1ving a preamble having a Long Sequence;

b) 1dentifying the preamble as a Beacon Preamble based upon the content of the
Long Sequence; and

C) using the Long Sequence for burst detection.

The method of Claim 17, further including using the Long Sequence for frequency

estimation, deriving packet start time and a final automatic gain control adjustment.

A node for use 1n a communication network comprising:
a) a precamble generator generating a Beacon Preamble, the Beacon Preamble
comprising:
1) 12 SS symbols,
11) 8 LS Symbols: and
111) a Channel Estimation Correlation Sequence, the Channel Estimation
Correlation Sequence comprising:
A) a Cyclic Prefix; and
B) 2 CE Symbols unique to the Beacon Preamble; and
b) a transmitter coupled to the preamble generator, the transmitter receiving the
Beacon Preamble from the preamble generator and receiving data, appending the
data to the Beacon Preamble and transmitting the Beacon Preamble with the

appended data.
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The node of Claim 19 wherein:
a) the preamble generator further generates an Admission Preamble, the Admission
Preamble comprising the following symbols SS, SS, SS, SS, SS, SS, SS, SS, SS,
SS, SS, SS, LS, LS, LS, LS, LS;, LS, LS;, LS, CPy, CE, CE; and
b) the transmitter 1s further coupled to receive the Admission Preamble and

appending at least some portion of the data to the Admission Preamble and
transmitting the Admission Preamble with the portion of the data appended to the

Admission Preamble.

The node of Claim 20 wherein:

a)

b)

the preamble generator further generates a Broadcast and Unicast Data Preamble,
the Broadcast and Unicast Data Preamble comprising the following symbols LS,
LS, LS, LS, CPy CE;

the transmitter 1s further coupled to receive the Broadcast and Unicast Data
Preamble and appending at least some portion of the data to the Broadcast and
Unicast Data Preamble and transmitting the Broadcast and Unicast Data Preamble
with the portion of the data appended to the Broadcast and Unicast Data

Preamble.

The node of Claim 20 wherein:

a)

b)

the preamble generator further generates a High Through-Put Unicast (HTU)
Preamble, the HTU Preamble comprising the following symbols CPqy CE;

the transmutter 1s further coupled to receive the HTU Preamble and appending at
least some portion of the data to the HTU Preamble and transmitting the HTU
Preamble with the portion of the data appended to the HTU Preamble.

A node for use in a MoCA communication network comprising:

a)

a recerver section; and
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b) a cross-correlator for identifying and indicating whether a received preamble
includes a CEReacon, the CEgeacon 1dentifying the received preamble as a Beacon

Preamble

The node of Claim 23, wherein the receiver section includes an automatic gain controller
(AGC), the AGC measuring the energy of the received Beacon Preamble and adjusting
the gain of the receiver section based upon the measured energy of the CEgeacon 0f the

recerved Beacon Preamble.

A node for use in a MoCA communication network comprising:

a) a recerver section, the receiver section recerving a Beacon Preamble having an LS
symbol that 1s unique to Beacon Preambles; and

b) a cross-correlator for identifying and indicating whether a received preamble

includes the unique LS symbol.

The node of Claim 25 further comprising a burst detector for performing burst detection

on the unique LS symbol.
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