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ABSTRACT 

A number of features for enhancing the performance of a 
communication system, in which data is transmitted between 
a base station and a plurality of Subscriber stations located 
different distances from the base station, are presented. The 
power transmission level, slot timing, and equalization of the 
Subscriber stations are set by a ranging process. Data is trans 
mitted by the subscriber stations in fragmented form. Various 
measures are taken to make transmission from the Subscriber 
stations robust. The uplink data transmission is controlled to 
permit multiple access from the Subscriber stations. 
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BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to commu 
nication systems, and more specifically to noise compensa 
tion in a wireless communication system. 
0004 2. Background Art 
0005. The desired solution for high speed data communi 
cations appears to be cable modem. Cable modem is capable 
of providing data rates as high as 56Mbps, and is thus Suitable 
for high speed file transfer, video teleconferencing and pay 
per-view television. Further, cable modems may simulta 
neously provide high speed Internet access, digital television 
(such as pay-per-view) and digital telephony. 
0006 Although cable modems are used in a shared access 
system, wherein a plurality of subscribers compete for band 
width over a common coaxial cable, any undesirable reduc 
tion in actual data rate is easily controlled simply by limiting 
the number of shared users on each system. In this manner, 
each user is assured of a Sufficient data rate to provide unin 
terrupted video teleconferencing or pay-per-view television, 
for example. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

0007. These and other features, aspects and advantages of 
the present invention will be more fully understood when 
considered with respect to the following detailed description, 
appended claims and accompanying drawings wherein: 
0008 FIG. 1 is a schematic diagram of a hybrid fiber 
coaxial (HFC) network showing typical pathways for data 
transmission between the headend (which contains the cable 
modem termination system) and a plurality of homes (each of 
which contain a cable modem); 
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0009 FIG. 2 is a simplified block diagram of a cable 
modem system wherein a line card which defines a cable 
modem termination system CMTS) is disposed at the head 
end and a cable modem is disposed within a representative 
home; 
0010 FIG.3 is a simplified block diagram showing the use 
of a fractional symbol timing loop, a carrier phase correction 
loop and a conventional amplitude estimator to enhance the 
rate at which acquisition of data packets is performed in a 
burst receiver of a cable modem termination system or the 
like: 
0011 FIG. 4 is a block diagram showing the interrelation 
ships of the burst transmitter, Subscriber medium access con 
trol (MAC) and receiver of the cable modem with the burst 
receiver, medium access control (MAC) and transmitter of the 
cable modem termination system; 
0012 FIG. 5A is a schematic block diagram showing the 
interconnections of the burst receiver, medium access control 
(MAC) and transmitter downstream modulator within a cable 
modem termination system; 
0013 FIG. 5B is a schematic block diagram showing the 
construction of the cable modem, shown in FIG. 2, at the 
Subscriber, such as the home; 
0014 FIG. 6A is a block diagram showing a cable modem 
termination system and a representative cable modem com 
municating with one another via a cable plant; 
0015 FIG. 6B is a block diagram showing the cable 
modem termination system and cable modem of FIG. 2 in 
further detail; 
0016 FIG. 6C is a block diagram showing the cable 
modem termination system of FIG. 2 in further detail; 
0017 FIG. 6D is a block diagram showing the cable 
modem of FIG. 3 in further detail; 
0018 FIG. 6E is a table showing an example of loop filter 
coarse coefficients and fine coefficients which provide speci 
fied bandwidths at the listed update rates: 
(0019 FIGS. 7A and 7B are block diagrams of a sub 
system at the Subscriber modem for receiving packets with 
encrypted data and control information, parsing the 
encrypted data from the control information, decrypting the 
encrypted data and separately storing the decrypted data and 
the control information and for restoring the packets with the 
encrypted data and the control information at the subscriber 
modem for transmission to the headend; 
(0020 FIGS. 8A and 8B are block diagrams of a sub 
system similar to that shown in FIGS. 7A and 7B (but at the 
headend) for providing a parsing of the signal packets 
received from the subscriber modem and a decryption of the 
encrypted data parsed from the packets and for providing an 
encryption of data for transmission to the Subscriber modem 
and a reformulation of the packets from the encrypted data 
and the control information; 
0021 FIG. 9 is a block diagram in some additional detail 
of a burst receiver shown as a single block in FIG. 4; 
0022 FIG. 10 is a block diagram in significantly increased 
detail of the burst receiver shown as a single block in FIG. 4; 
0023 FIG.11 is a schematic diagram illustrating the round 
trip transmission delay between a headend and a Subscriber 
modem; 
0024 FIG. 12 is a flowchart showing the software level 
synchronization control of a cable modem; 
(0025 FIG. 13 is a flowchart showing the hardware level 
synchronization control of a cable modem; 
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0026 FIG.14 shows a continuous data stream, such as that 
which may be received by a conventional continuous 
receiver; 
0027 FIG. 15 shows a plurality of data bursts separated by 
guard bands, such as those transmitted by cable modems to a 
cable modem termination system according to time division 
multiple access (TDMA); 
0028 FIG. 16 shows in further detail an exemplary data 
burst of FIG. 15: 
0029 FIG. 17 shows the QPSK preamble of FIG. 16 in 
further detail; 
0030 FIG. 18 is a block diagram of a contemporary phase 
locked loop: 
0031 FIG. 19 is a block diagram of a fractional symbol 
timing loop in a typical digital receiver, wherein the matched 
filter is within the loop: 
0032 FIG. 20 is a block diagram of the fractional symbol 
timing loop of the present invention, wherein the matched 
filter has been moved outside the fractional symbol timing 
loop: 
0033 FIG. 21 is a block diagram showing a burst receiver 
having a fractional symbol timing loop, a carrier phase cor 
rection loop and an amplitude estimator So as to effect fast 
acquisition of data packets; 
0034 FIG.22 is a block diagram showing a burst receiver 
having a fractional symbol timing loop, a carrier phase cor 
rection loop and an amplitude estimator, wherein the matched 
filter has been moved outside of the fractional symbol timing 
loop: 
0035 FIG. 23 is a block diagram of a phase detector gain 
boosting logic circuit wherein the amplitude of a signal input 
to a phase detector is monitored by a sensor and the amplitude 
of the signal to the low pass filter of the loop is controlled by 
the output of the sensor; 
0036 FIG. 24 is a timing diagram showing the use of a 
single contemporary clock signal to provide timing for a 
sampling circuit contemporary clock signal (FIG. 24-A) to 
provide timing for a sampling circuit and also showing the use 
of two out-of-phase clock signals (FIG. 24-B), wherein and 
also showing the use of two out-of-phase clock signals, 
wherein one of the two out-of-phase clock signals will always 
have a timing relationship relative to the input binary signal to 
effect sampling of the input binary signal; 
0037 FIG. 25A is a schematic block diagram of a system 
for allocating different portions of a dynamic range of power 
between analog and digital states in the system; 
0038 FIG. 25B is a schematic block diagram of an RMS 
estimator that is used to derive a variable gain amplifier set 
ting: 
0039 FIG. 26 is a block diagram of a prior art technique 
showing a plurality of contemporary demodulators coupled 
to demodulate data which is input from a transmission 
medium such as a fiber optic or coaxial cable and which is 
coupled to provide the demodulated data as an output thereof. 
0040 FIG. 27 is a block diagram of one aspect of the 
present invention, showing a monitoring circuit coupled to 
monitor a plurality of upstream channels for at least one 
parameter which is indicative of channel quality; 
0041 FIG. 28 is a block diagram of a prior art upstream 
burst receiver and medium access control (MAC) showing 
modulated data input from a transmission medium, Such as a 
coaxial cable, to the upstream burst receiver and showing 
digital data output from the MAC; 
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0042 FIG. 29 is a block diagram showing an aspect of the 
present invention; 
0043 FIG. 30 is a chart showing RS coding gain for vari 
ous Ts using 16-QAM with Kequals 64 bytes; 
0044 FIG. 31 is a schematic drawing providing an 
example of fine frequency agility, wherein the frequency 
spectrum is divided into a plurality of closely spaced chan 
nels; 
0045 FIG. 32 is a flowchart showing dynamic channel 
allocation control flow; 
0046 FIG. 33 is a flowchart showing CMTS dynamic 
channel allocation control flow; 
0047 FIG. 34 is a simplified block diagram showing the 
MAC/PHY interface of the present invention: 
0048 FIG. 35 is a schematic representation of a data 
packet showing the positioning of the data or payload therein 
and also showing the location of a guard band; 
0049 FIG. 36 is a schematic diagram showing the forma 
tion of an exemplary MAP which is transmitted by the cable 
modem termination system (CMTS) to all of the cable 
modems on a particular channel so as to facilitate communi 
cation of the cable modems with the cable modem termina 
tion system according to a time division multiple access 
(TDMA) protocol which avoids collisions among data pack 
ets from different cable modems; 
0050 FIG. 37 is a schematic diagram showing the forma 
tion of frames by a cable modem in response to receipt of a 
MAP, such as that shown in FIG. 36: 
0051 FIG. 38 is a flowchart showing the operation of the 
cable modem termination system in separating high priority 
requests and low priority requests received from cable 
modems; 
0052 FIGS. 39 and 40, taken together, define a flowchart 
showing the operation of the cable modem termination sys 
tem in granting requests from cable modems to transmit data 
from the cable modems to the cable modem termination sys 
tem; 
0053 FIGS. 41 and 42, taken together, define a block 
diagram of that portion of the cable modem termination sys 
tem which receives requests from the cable modems and 
which generates MAPs in response to these requests and also 
shows a plurality of cable modems which receive the MAPs 
and which generate frames in accordance with the MAPs; 
0054 FIG. 43 is a graphical representation of the relation 
ship of the minislots which define the request interval, main 
tenance interval and data interval with respect to the minislot 
clock (MSCLK); 
0055 FIG. 44 is a graphical representation of the MAP 
message format prior to message filtering: 
0056 FIG. 45 is a graphical representation of the MAP 
message format after message filtering; 
0057 FIG. 46 is a block diagram showing the architecture 
of the shared SRAM-based MAC interface for eight upstream 
channels; 
0.058 FIG. 47 is a block diagram showing the MAP timing 
control interface signals which are transmitted from the MAP 
to the demodulator of the burst receiver; 
0059 FIG. 48 is a graphical representation of the relation 
ship between the minislots which define the request interval, 
the maintenance interval and the data interval with respect to 
the minislot clock, MapValid signal and Maplata and also 
showing the MAP clock; 
0060 FIG. 49 is a graphical representation of the relation 
ship between the minislots which define the maintenance 
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interval, the minislot clock, the MapValid signal and Map 
Data and also showing the timing of the receive now (RX now) 
signal; 
0061 FIG.50 is a graphical representation of the relation 
ship between the minislots which define the data interval, the 
minislot clock, the MapValid signal and Maplata and also 
showing the timing of the receive now (RX now) signal; 
0062 FIG. 51 is a graphical representation of the relation 
ship between the minislots which define the request interval, 
the minislot clock, the MapValid signal and MapIData and 
also showing the timing of the receive now (RX now) signals; 
0063 FIG. 52 is a graphical representation showing the 
prepended information when the first block TDMA transmis 
sion bit is set; 
0064 FIG. 53 is a graphical representation showing the 
prepended information when the equalizer prepend bit is set, 
thereby increasing the prepended information by 32 bytes 
(for a total length of 48 bytes) with respect to FIG. 52; 
0065 FIG. 54 is a table showing the statistics and the 
calculation used for each slot definition; 
0066 FIG.55 is a block diagram of the MAC/PHY inter 
face; 
0067 FIG. 56 is a graphical representation showing the 
relationship of the bit clock with respect to the burst valid 
indicator (B1kDV) and the data; 
0068 FIG. 57 is a graphical representation showing the 
MAP serial interface field definitions; 
0069 FIG. 58 is a graphical representation showing the 
format of the prepended data; 
0070 FIG. 59 shows the signaling for the data/control 
MAC/PHY interface at the subscriber cable modem; 
0071 FIG. 60 is a block diagram showing the sign-on 
sequence for the cable modem initialization process; 
0072 FIG. 61 is a block diagram showing the relationship 
of the cable modem to the cable modem termination system; 
0073 FIG. 62 is a graphical representation showing the 
contents of the prepended information; 
0074 FIG. 63 is a table showing the definitions of the bit 
fields for the status bytes in the prepended information; 
0075 FIG. 64 is a block diagram showing the burst 
demodulator status information processing flow: 
0076 FIG. 65 is a block diagram showing the burst detec 
tor SPI bus interface; 
0077 FIG. 66 is a timing diagram showing one mode of 
the generic byte base serial input with control information 
prepended; 
0078 FIG. 67 is a timing chart showing another mode the 
generic byte base serial input with control information 
prepended; 
007.9 FIG. 68 is a schematic diagram showing the frag 
mentation of a data packet of a cable modem into first and 
second portions thereof, wherein the first portion of the data 
packet is placed in a first time slot allocated by the cable 
modem termination system and the second portion of the data 
packet is placed in a second time slot allocated by the cable 
modem termination system; 
0080 FIG. 69 is a schematic diagram of a complete packet 
according to the present invention, which is used to transmit 
data from a cable modem to a cable modem termination 
system; 
0081 FIG. 70 is a schematic diagram of a plurality of 
complete packets according to the present invention, used to 
transmit data on a concatenated basis from a cable modem to 
the cable modem termination system; 
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I0082 FIG. 71 is a schematic diagram of a plurality of 
packet fragments transmitted from a cable modem to the 
cable modem termination system, wherein the packet frag 
ments form, in composite, a complete packet; 
I0083 FIG. 72 shows the format of one of the packets of 
FIG. 71 in further detail; 
I0084 FIG. 73 and FIG. 74, taken together, define a table 
providing further detail of the fragmentation format of a 
frame which incorporates a packet; 
I0085 FIGS. 75 and 76, taken together, define a flowchart 
showing how a cable modem and a cable modem termination 
system cooperate to facilitate the fragmentation of packets by 
the cable modem for transmission to the cable modem termi 
nation system; 
I0086 FIG. 77 is a flowchart illustrating the fragmentation 
process; 
I0087 FIG. 78 is a modification of FIG. 1 adapting the 
invention to wireless transmission; 
I0088 FIG. 79 is a modification of FIG. 2 adapting the 
invention to wireless transmission; 
I0089 FIG.80 is a schematic diagram of a single integrated 
circuit chip adapted to practice the invention; 
0090 FIG. 81 is a schematic block diagram of a bidirec 
tional cable transmission system; 
0091 FIG. 82 is a schematic block diagram of a portion of 
the RF receiver at the headend of the cable system shown in 
FIG. 81; 
0092 FIG. 83 is a schematic block diagram of the adaptive 
notch filter shown in FIG. 82; 
0093 FIG. 84 is a schematic block diagram of the gener 
alized decision feedback equalizer (DFE) shown in FIG. 82: 
0094 FIG. 85 is a schematic block diagram of a portion of 
one of the cable modems shown in FIG. 81; 
(0095 FIG. 86 is a diagram of the TDMA slots for trans 
mitting information in an upstream channel of the cable sys 
tem shown in FIG. 81; 
0096 FIG. 87 is a block diagram of a method for reducing 
noise in the cable system shown in FIG. 81; 
(0097 FIGS. 88A-88C are frequency response diagrams 
illustrating common noise (such as ingress) cancellation 
according to the method shown in FIG. 87: 
(0098 FIGS. 89A and 89B are diagrams of a 16-QAM 
constellation before and after noise cancellation according to 
the method shown FIG. 87; and 
(0099 FIGS. 90A and 90B are frequency response dia 
grams illustrating both ingress and individual noise compen 
sation according to the method shown in FIG. 87. 

DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

0100. In a cable modem system, a headend or cable 
modem termination system (CMTS) is located at a cable 
company facility and functions as a modem which services a 
large number of subscribers. Each subscriber has a cable 
modem (CM). Thus, the cable modem termination system 
must be capable of facilitating bidirectional communication 
with any desired one of the plurality of cable modems. 
0101. As used herein, the cable modem termination sys 
tem (CMTS) is defined to include that portion of a headend 
which facilitates communication with a plurality of cable 
modems. A typical cable modem termination system includes 
a burst receiver, a continuous transmitter and a medium 
access control (MAC). 
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0102 The cable modem termination system communi 
cates with the plurality of cable modems via a hybrid fiber 
coaxial (HFC) network, wherein optical fiber provides com 
munication to a plurality of fiber nodes and each fiber node 
typically serves approximately 500 to 2,000 subscribers, 
which communicate with the node via coaxial cable. A plu 
rality of subscribers communicate with the fiber node via a 
common or shared coaxial cable. It is this sharing of the 
common coaxial cable which necessitates that the number of 
cable modems attached thereto be limited so as to mitigate the 
likelihood of undesirable bit rate reductions which inherently 
occur when an excessive number of cable modems commu 
nicate simultaneously over a single coaxial cable. 
0103) The hybrid fiber coaxial network of a cable modem 
system utilizes a point-to-multipoint topology to facilitate 
communication between the cable modem termination sys 
tem and the plurality of cable modems. Frequency domain 
multiple access (FDMA)/time division multiplexing (TDM) 
is used to facilitate communication from the cable modem 
termination system to each of the cable modems, i.e., in the 
downstream direction. Frequency domain multiple access 
(FDMA)/time domain multiple access (TDMA) is used to 
facilitate communication from each cable modem to the cable 
modem termination system, i.e., in the upstream direction. 
0104. The cable modem termination system includes a 
downstream modulator for facilitating the transmission of 
data communications therefrom to the cable modems and an 
upstream demodulator for facilitating the reception of data 
communications from the cable modems. 

0105. The downstream modulator of the cable modem 
termination system utilizes either 64 QAM or 256 QAM in a 
frequency band of 54 MHZ to 860 MHz to provide a data rate 
of up to 56 Mbps. 
0106 Since the upstream channel has a much lower data 
rate requirement, the upstream demodulator uses either 
QPSK or 16QAM in a frequency range of 5 MHz to 42 MHz 
to provide a data rate of up to 10 Mbps. 
0107 The asymmetric data throughput defined by the 
upstream channel requiring a much lower data rate than the 
downstream channel results from the inherently larger 
amount of data which is communicated via the downstream 
channel during pay-per-view, Internet access and the like, 
wherein a video signal is communicated via the downstream 
channel, while only control signals such as those associated 
with viewing of the video signal are communicated via the 
upstream channel. Thus, the downstream channel require 
ment may exceed 1.5 Mbps, while the upstream channel 
requirement may be as low as 16 Kbps. 
0108 Similarly, each cable modem includes an upstream 
modulator for facilitating the transmission of data to the cable 
modem termination system and a downstream demodulator 
for receiving data from the cable modem termination system. 
The upstream modulator of each cable modem uses either 
QPSK or 16QAM within the 5 MHz to 42 MHz bandwidth of 
the upstream demodulator and the downstream demodulator 
of each cable modem utilizes either 64 QAM or 256 QAM in 
the 54 MHZ to 860 MHz bandwidth of the downstream modu 
lator (in North America). 
0109 Contemporary cable modem systems operate on a 
plurality of upstream channels and utilize time division mul 
tiple access (TDMA) in order to facilitate communication 
between a plurality of cable modems and a single cable 
modem termination system on each upstream channel. Typi 
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cally, between 250 and 500 cable modems communicate with 
a single cable modem termination system on a given upstream 
channel. 
0110. In order to accomplish TDMA for upstream com 
munication, it is necessary to assign time slots within which 
cable modems having a message to send to the cable modem 
termination system are allowed to transmit. The assignment 
of Such time slots is accomplished by providing a request 
contention area in the upstream data path within which the 
cable modems are permitted to contend in order to place a 
message which requests additional time in the upstream data 
path for the transmission of their message. The cable modem 
termination system responds to these requests by assigning 
time slots to the cable modems making Such a request, so that 
as many of the cable modems as possible may transmit their 
messages to the cable modem termination system utilizing 
TDMA and so that the transmissions are performed without 
undesirable collisions. 
0111 Because of the use of TDMA, the cable modem 
termination system must use a burst receiver, rather than a 
continuous receiver, to receive data packets from cable 
modems via upstream communications. As those skilled in 
the art will appreciate, a continuous receiver can only be 
utilized where generally continuous communications (as 
opposed to burst communications as in the present invention) 
are performed, so as to Substantially maintaintiming synchro 
nization between the transmitter and the receiver, as is nec 
essary for proper reception of the communicated information. 
During continuous communications, timing recovery is a 
more straightforward process since signal acquisition gener 
ally only occurs at the initiation of Such communications. 
Thus, acquisition is generally only performed in continuous 
receivers once per continuous transmission and each continu 
ous transmission may be very long. 
0112 However, the burst communications inherent to 
TDMA systems require periodic and frequent reacquisition 
of the signal. That is, during TDMA communications, the 
signal must be reacquired for each separate burst transmission 
being received. 
0113. Since continuous receivers generally only acquire 
the signal once, the need to minimize acquisition time is much 
less critical in continuous receivers than in burst receivers, 
wherein acquisition must be performed for each separate 
burst, and therefore occurs quite frequently. Thus, there is a 
strong motivation to minimize acquisition time in burst 
receivers, so as to enhance overall data transmission effi 
ciency and throughput. As such, it is beneficial to provide 
techniques which enhance the speed at which data packets 
transmitted according to TDMA methodologies may be 
acquired by a burst receiver, such as that of a cable modem 
termination system. 

Burst Receiver for Cable Modem System and 
Synchronization 

0114 Referring now to FIG. 1, a hybrid fiber coaxial 
(HFC) network 1010 facilitates the transmission of data 
between a headend 1012, which includes at least one cable 
modem termination system, and a plurality of homes 1014, 
each of which contains a cable modem. Such hybrid fiber 
coaxial networks are commonly utilized by cable providers to 
provide Internet access, cable television, pay-per-view and 
the like to subscribers. 
0115 Approximately 500 homes 1014 are in electrical 
communication with each node 1016, 1034 of the hybrid fiber 
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coaxial network 1010, typically via coaxial cables 1029. 
1030, 1031. Amplifiers 1015 facilitate the electrical connec 
tion of the more distant homes 1014 to the nodes 1016, 1034 
by boosting the electrical signals so as to desirably enhance 
the signal-to-noise ratio of such communications and by then 
transmitting the electrical signals over coaxial cables 1030, 
1031. Coaxial cable 1029 electrically interconnects the 
homes 1014 with the coaxial cables 1030, 1031, which extend 
between amplifiers 1015 and nodes 1016, 1034. 
0116 Each node 1016, 1034 is electrically connected to a 
hub 1022, 1024, typically via an optical fiber 1028, 1032. The 
hubs 1022, 1024 are in communication with the headend 
1012, via optical fibers 1020, 1026. Each hub is typically 
capable of facilitating communication with approximately 
20,000 homes 1014. 
0117. The optical fibers 1020, 1026 extending intermedi 
ate the headend 1012 and each hub 1022, 1024 defines a fiber 
ring which is typically capable of facilitating communication 
between approximately 100,000 homes 1014 and the head 
end 1012. 
0118. The headend 1012 may include video servers, sat 

ellite receivers, video modulators, telephone switches and/or 
Internet routers 1018, as well as the cable modem termination 
system. The headend 1012 communicates via transmission 
line 1013, which may be a T1 or T2 line, with the Internet, 
otherheadends and/or any other desired device(s) or network. 
0119 Referring now to FIG. 2, a simplified block diagram 
shows the interconnection of the headend 1012 and an exem 
plary home 1014, wherein a cable modem 12 communicates 
with a cable modem termination system, embodied as a line 
card 1042, via hybrid fiber coaxial network 1010. 
0120 More particularly, a personal computer 1048, dis 
posed within the home 1014, is connected via cable 1011 to 
the cable modem 12 which communicates via coaxial cable 
1017 with the hybrid fiber coaxial network 1010, which in 
turn communicates via optical fiber 1020 with the cable 
modem termination system (CMTS) including line card 1042 
of the headend 1012. Internet router 1040 facilitates commu 
nication between the headend 1012 and the Internet or any 
other desired device or network. 
0121 Referring now to FIG. 3, the present invention 
includes a cable modem termination system (defined by line 
card 1042 of FIG. 2) which communicates with a plurality of 
cable modems 12. Cable modem termination system (CMTS) 
10 has an enhanced data packet acquisition burst receiver 580. 
Burst receiver 580 includes an analog front-end such as an 
analog-to-digital converter 582 which receives analog data 
packets from an upstream channel and which converts the 
analog data packets into digital data packets, a fractional 
symbol timing loop 584 which determines a fractional sym 
bol timing correction and applies the fractional symbol tim 
ing correction to the data packets, a carrier phase correction 
loop 586 which determines a carrier phase correction and 
applies the carrier phase correction to the data packets, a 
phase derotator 588 which corrects phase errors in the sym 
bols of the data packets, and a conventional coherent ampli 
tude estimator 590 which provides an amplitude correction 
by a conventional estimation process and applies the ampli 
tude correction to the data packets via multiplier 592 prior to 
the data packets being provided to slicer 594. This process is 
described in detail below. 
0122) The timestamp generation at the CMTS and the 
upstream timing recovery logic at the CM, and the flow of 
timestamp message are shown in FIG. 6A. Although only one 
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cable modem 12 is shown in FIG. 6A for clarity, the cable 
modem termination system 10 actually communicates bidi 
rectionally with a plurality of such cable modems 12. Such 
communication as discussed herein may actually occur 
between the cable modem system and the plurality of cable 
modems by communicating simultaneously with the cable 
modems on a plurality of separate frequency channels. 
I0123. This aspect of the invention primarily addresses 
communication of a plurality of different cable modems on a 
single frequency channel in a serial or time division multi 
plexing fashion, wherein the plurality of cable modems com 
municate with the cable modem termination system sequen 
tially. However, it will be appreciated that while this plurality 
of cable modems is communicating on one channel with the 
cable modem termination system (using time division mul 
tiple access or TDMA), many other cable modems may be 
simultaneously communicating with the same cable modem 
termination system on a plurality of different channels (using 
frequency division multiplexing/time division multiple 
access or FDM/TDMA) 
0.124. In a typical cable modem system, a single cable 
modem termination system including line card 1042 (FIG. 2) 
will typically communicate with between 250 and 500 cable 
modems 12. Thus, the cable modem system of the present 
invention includes a plurality of cable modems 12. Although 
the following description generally discusses the operation of 
a single cable modem termination system including line card 
1042 and a single cable modem 12, those skilled in the art will 
appreciate that a plurality of cable modem termination sys 
tems including line cards 1042 and cable modems 12 may 
similarly be utilized. 
0.125. The cable modem termination system 10 communi 
cates with each of the cable modems 12 via a cable plant 8, 
which typically includes a hybrid fiber coaxial (HFC) net 
work in which optical fiber facilitates communication from 
the cable modem termination system 10 to a plurality of hubs, 
each of which distribute signals from the optical fiber to a 
plurality of coaxial cables. Each hub may be located at a 
distance of up to approximately 100 miles from either the 
cable modem termination system 10 or from the next hub 
along the optical fiber. 
0.126 Optionally, a plurality of cable modem termination 
systems may be synchronized with respect to one another so 
as to facilitate communication between any desired cable 
modem termination system and any desired cable modem(s). 
I0127. According to one aspect of the present invention, the 
cable modem termination system 10 includes a crystal oscil 
lator timing reference 16 which provides an output to a linear 
counting sequence generator 21. It is this timing reference 16 
to which each of the cable modems 12 must be synchronized. 
The linear counting sequence generator 21 is incremented by 
the output of the crystal oscillator timing reference 16 and 
maintains a count representative of the number of cycles 
provided by the crystal oscillator timing reference 16 since 
the linear counting sequence generator 21 was last reset. 
According to the present invention, the linear counting 
sequence generator 21 includes a free-running counter having 
a sufficient count capacity to count for several minutes before 
resetting. 
0128. A timebase message (timebase message and times 
tamp message are used interchangeably herein) generator 20 
receives the count of the linear counting sequence generator 
21 to provide an absolute time reference which is inserted into 
the downstream information flow 23 provided by down 
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stream data queue 24, as discussed in detail below. The time 
base message generator 20 performs a modulo function, i.e., 
a sawtooth pattern as a function of time, and the counterclock 
is generated by the oscillator with very tight accuracy. 
0129 Slot timing offset generator 26 receives a timing 
offset (ranging signal) message 27 from each individual cable 
modem 12 with which the cable modem termination system is 
in communication. The slot timing offset generator 26 pro 
vides a slot timing offset 28 which is representative of a slot 
timing offset between the cable modem termination system 
10 and the cable modem 12 and inserts the slot timing offset 
28 into the downstream information flow 23. The slot timing 
offset 28 is calculated by determining the position of the slot 
timing offset from the expected time of message 27 within a 
dedicated timing slot of the upstream communications, as 
discussed in detail below. The timing offset generator 26 
encodes the timing offset (ranging error) detected by the 
upstream receiver into a slot timing offset message. 
0130 Slot timing offset messages are sent only after the 
frequency of the local reference clock has been acquired by 
the cable modem. 
0131 Downstream modulator 30 primarily modulates the 
downstream information flow 23. Absolute time references 
are inserted at quasi-periodic intervals as determined by a 
timestamp send timer in the form of a binary up counter 31 
(FIG. 6C). A slot timing offset 28 is inserted shortly after the 
arrival of a slot timing offset message 27. 
0132. The time line 32 of the cable modem termination 
system 10 shows that the slot timing offset 28 is the difference 
between the expected receive time and the actual receive time 
of the slot timing offset message 27. 
0.133 According to one embodiment of the present inven 

tion, each cable modem 12 includes a downstream receiver 15 
for facilitating demodulation of the data and timestamp mes 
sage, and timing recovery of downstream communications 
from the cable modem termination system 10. The output of 
the downstream receiver 15 is provided to timebase message 
detector 36 and slot timing offset detector 38. The down 
stream information (any data communication, such as a file 
transfer or MPEG video signal) received by the downstream 
receiver 15 is also available for further processing, as desired. 
0134. The timebase message detector 36 detects the time 
base message generated by timebase message generator 20 of 
the cable modem termination system 10. Similarly, the slot 
timing offset detector 38 detects the slot timing offset 28 
generated by the slot timing offset generator 26 of the cable 
modem termination system 10. The timebase message detec 
tor 36 provides an absolute time reference which is represen 
tative of the frequency of the crystal oscillator timing refer 
ence 16 of the cable modem termination system 10. The 
absolute time reference is provided to a digital tracking loop 
42 which provides a substantially stable clock output for the 
cable modem 12 which corresponds closely in frequency to 
the frequency of the crystal oscillator timing reference 16 of 
the cable modem termination system 10. Thus, the digital 
tracking loop 42 uses the absolute time reference, which is 
representative of the frequency of the crystal oscillator timing 
reference 16, to forman oscillator drive signal which drives a 
numerically controlled oscillator 44 in a manner which 
closely matches the frequency of the crystal oscillator timing 
reference 16 of the cable modem termination system 10, as 
discussed in detail below. 

0135 A difference between the absolute time reference 
and the output of a local time reference 46, which is derived 
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from the numerically controlled oscillator 44, is formed by a 
differencer 48. This difference defines a frequency error value 
which represents the difference between the clock of the cable 
modem 12 (which is provided by local time reference 46) and 
the clock of the cable modem termination system 10 (which is 
provided by crystal oscillator timing reference 16). 
0.136. This frequency error value is filtered by loop aver 
aging filter 50 which prevents undesirable deviations in the 
frequency error value from affecting the numerically con 
trolled oscillator 44 in a manner which would decrease the 
stability thereofor cause the numerically controlled oscillator 
44 to operate at other than the desired frequency. The loop 
filter 50 is configured so as to facilitate the rapid acquisition of 
the frequency error value, despite the frequency error value 
being large, and then to reject comparatively large frequency 
error values as the digital tracking loop 42 converges, i.e., as 
the output of the local timing reference 46 becomes nearly 
equal to the absolute time reference, thereby causing the 
frequency error value to approach Zero. 
0.137 According to one embodiment of the present inven 
tion, an initial slot timing offset 52 is added by summer 61 to 
the output of the local time reference 46 to provide a partially 
slot timing offset corrected output 56. The partially slot tim 
ing offset corrected output 56 of summer 61 is then added to 
slot timing offset 58 provided by slot timing offset detector 38 
to provide slot timing offset and frequency corrected time 
reference 86. The timing offset correction is a simple addition 
which adds two message values. Such simplified operation is 
facilitated only when the resolution of the timing offset mes 
sage is equal to or finer than that of the timestamp message. 
0.138. The initial slottiming offset 52 is merely an approxi 
mation of the expected slot timing offset likely to occur due to 
the propagation and processing delays, whose approximate 
values have been predetermined. After frequency conversion 
using the phase locked loop and timebase message error, the 
slot timing offset 58 provides a final correction which is 
calculated by the cable modem termination system 10 in 
response to the cable modem termination system 10 receiving 
communications from the cable modem 12 which are not 
properly centered within their desired timing slots, as dis 
cussed in detail below. 

0.139 Scaler 87 scales the frequency corrected time refer 
ence 86 so as to drive upstream transmitter 69 at the desired 
slot timing. 
0140 Time reference 88 is compared to the designated 
transmit time 89 which was allocated via downstream com 
munication from the cable modem termination system 10 to 
the cable modem 12. When the time reference 88 is equal 67 
to the designated transmit time, then an initiate burst com 
mand 65 is issued and the upstream data queue 71 is modu 
lated to form upstream transmission 75. 
0.141. The timing offset (error) message is generated by 
the cable modem termination system. The timing offset (er 
ror) is simply the difference between the expected time and 
the actual arrival time of the message during the ranging slot 
at the cable modem termination system receiver. 
0.142 Referring now to FIG. 6B, the cable modem termi 
nation system 10 and the cable modem 12 are described in 
further detail. The multiplexer 29 of the cable modem termi 
nation system 10 combines downstream information flow 23 
with slot timing offset message 28 from slot timing offset 
generator 26 and with an absolute time reference from time 
base message generator 20 to provide downstream commu 
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nications to the downstream transmitter, which includes 
downstream modulator 30 (FIG. 6A). 
0143. The slot timing offset generator 26 receives a slot 
timing offset signal 77 from the upstream receiver 13. The 
location of the slot timing offset signal within a timeslot of an 
upstream communication defines the need, if any, to perform 
a slot timing offset correction. Generally, a slot timing offset 
value will be transmitted, even if the actual slot timing offset 
is O. When the slot timing offset signal is desirably located 
within the time slot, and does not extend into guard bands 
which are located at either end of the time slot, then no slot 
timing offset correction is necessary. 
0144. However, when the slot timing offset signal extends 
into one of the guard bands of the time slot of the upstream 
communication, then a slot timing offset message 28 is gen 
erated by the slot timing offset generator 26, which is trans 
mitted downstream to the cable modem 12 where the slot 
timing offset message 28 effects a desired correction to the 
time at which upstream communications occur, so as to cause 
the slot timing offset signal and other transmitted data to be 
positioned properly within their upstream time slots. 
0145 The headend tick clock 25 includes the crystal ref 
erence 16 of FIG. 6A and provides a clock signal to linear 
counting sequence generator 21. Slot/frame time generator 
19 uses a clock signal provided by count sequence generator 
21 to provide both a minislot clock 19a and a receive now 
signal 19b. The absolute time reference from generator 20 is 
the clock by which the message slots are synchronized to 
effect time division multiple access (TDMA) communica 
tions from each cable modem 12 to the cable modem termi 
nation system 10. At the CM, a Transmit now signal is gen 
erated at the beginning of each minislot of a transmission 
(FIG. 61). At the CMTS, a Receive now signal is similarly 
generated at the beginning of a received packet (FIGS. 
49-51). 
0146 A minislot is a basic medium access control (MAC) 
timing unit which is utilized for allocation and granting of 
time division multiple access (TDMA) slots. Each minislot 
may, for example, be derived from the medium access control 
clock, Such that the minislot begins and ends upon a rising 
edge of the medium access control clock. Generally, a plural 
ity of upstream symbols define a minislot and a plurality of 
minislots define a time division multiple access slot. 
0147 The cable modem 12 receives downstream data 
from the downstream channel 8B. A timebase message detec 
tor 36 detects the presence of a timebase Message in the 
downstream data. 

0148 Slot timing offset correction 47 is applied to data 
transmitted on upstream channel 8A prior to transmission 
thereof from the subscriber cable modem 12. The slot timing 
offset correction is merely the difference between the actual 
slot timing offset and the desired slot timing offset. Thus, the 
slot timing offset correction is generated merely by Subtract 
ing the actual slot timing offset from the desired offset. Slot/ 
frame timing generator 63 controls transmission of the 
upstream data queue 71 (FIG. 6A) at the designated transmit 
time 89 (FIG. 6A). 
0149 Summer 48 subtracts the local time reference 46 
from the timebase message and provides an output to a loop 
filter 50 which drives numerically controlled oscillator 44, as 
discussed in detail below. 

0150. Upstream transmitter 11 facilitates the transmission 
of upstream channels 8A from the subscriber cable modem 12 
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and upstream receiver 13 facilitates the reception of the 
upstream channels 8A by the cable modem termination sys 
tem 10. 
0151. Downstream transmitter 17 facilitates the transmis 
sion of downstream channels 8B from the cable modem ter 
mination system 10 to the cable modem 12 where down 
stream receiver 15 facilitates reception thereof. 
0152 Referring now to FIG. 6C, the cable modem termi 
nation system 10 is shown in further detail. 
0153. As discussed above, the crystal oscillator timing 
reference 16 provides an output to linear counting sequence 
generator 21 which increments to provide a count represen 
tative of the frequency of the crystal oscillator timing refer 
ence 16. The counter 21 also provides a substantially jitterless 
headend reference which provides a clock signal for down 
stream data transmissions from the cable modem termination 
system 10. The jitterless headend reference is synchronized to 
the downstream symbol rate via synchronizer 37 which 
includes counters 412,413, 414, inverter 93 and AND gate 94 
which cooperate according to well-known principles to pro 
vide a timestamp latch enable to AND gate 39 to enable latch 
41. 
0154 The linear counting sequence generator 21 provides 

its count to latch 41. Latch 41 provides the count from the 
linear counting sequence generator 21 to multiplexer 45 when 
an enable is provided to latch 41. The enable is provided to 
latch 41 when the synchronizer 37 provides a high output and 
the downstream processor 718 provides a low output to AND 
gate 39. The count from the linear counting sequence genera 
tor 21 is combined with a timebase message header 43 by 
multiplexer 45 and the combined count and timebase message 
header is provided to the downstream processor 718. The 
downstream processor 718 provides a control signal to the 
multiplexer 45 to cause the multiplexer 45 to provide the 
count from the linear counting sequence generator 21 and the 
timebase message header 43 to the downstream processor 718 
only when the downstream processor 718 is ready to insert the 
count and the timebase message header 43 into a downstream 
data communication. 
0155 Binary up counter 31 functions as a timestamp send 
timer so as to cause the count or absolute time reference (FIG. 
6A) from the linear counting sequence generator 21 to be 
inserted into a downstream communication in a generally 
periodic fashion. The binary up counter 31 receives a count 
from the linear counting sequence generator 21. When the 
count of the binary up counter 31 equals a value stored in the 
threshold register 33, equality comparator 35 provides a 
request timestamp send to the downstream processor 718. It is 
important to note that the timestamp includes the absolute 
time reference (FIG. 6A). 
0156 However, the downstream processor 718 does not 
immediately insert every combined count and timebase mes 
sage header from multiplexer 45 into a downstream commu 
nication when the request timestamp send 59 is provided by 
the equality comparator 35 to the downstream processor 718. 
Rather, the downstream processor 718 waits until any down 
stream message presently being transmitted is finished so as 
to prevent undesirable fragmentation thereof. 
0157. The downstream processor 718 provides down 
stream data, including downstream communications from the 
downstream data queue 24, a count from the linear counting 
sequence generator 21, and a timebase message header 43 
from multiplexer 45 to the downstream modulator 51, which 
modulates the data, count, and timebase message header to 
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form a downstream data communication 53 which includes a 
plurality of individual messages 55. Some of these individual 
messages 55 includes communicated data Such as file trans 
fers and MPEG video and some of these messages 55 include 
timestamps and/or slot timing offsets to facilitate synchroni 
zation of a selected cable modem 12 with the cable modem 
termination system 10. 
0158. In this manner, a count which is representative of the 
frequency of the crystal oscillator timing reference 16 is 
transmitted from the cable modem termination system 10 to 
each cable modem 12. 

0159. The output of the linear counting sequence genera 
tor 21 is divided down to provide a frequency reduced slow 
tick clock output signal. 
0160 Referring now to FIG. 6D, an exemplary timing 
recovery circuit of a cable modem is shown in further detail. 
Downstream demodulator 95, which forms a portion of 
downstream receiver 15 of FIG. 6B, provides clock and data 
signals which are derived from downstream channels 8B 
(FIG. 6A). The data signals include downstream bytes which 
in turn include the count or timestamp 97 and timebase mes 
sage header 81 transmitted by the cable modem termination 
system 10. Slot timing offset messages are included in the 
downstream flow of downstream data. 

0161 Timestamp detector 80 detects the presence of a 
timestamp header 81 among the downstream bytes and pro 
vides a timestamp arrived signal 82 which functions as a 
downstream byte clock sync. The timestamp arrived signal 82 
is provided to synchronizer 83 which includes register 101, 
register 102, AND gate 103, inverter 104 and latch 105, which 
stretches the input and generates a tick clock synch pulse 107. 
Synchronizer 83 synchronizes the timestamp arrived signal 
82 to the clock of the cable modem 12, to provide a data path 
enable tick clock sync pulse 107 for enabling the digital 
tracking loop 42. 
0162. When the digital tracking loop 42 is enabled by the 
pulse 107 from the synchronizer 83 in response to detecting a 
timestamp header by timestamp detector 80, then the times 
tamp, which is a count provided by the linear counting 
sequence generator 21 of FIG. 6C, is provided to the digital 
tracking loop 42 and the digital tracking loop 42 is enabled so 
as to process the timestamp. 
0163 A differencing circuit or saturating frequency detec 
tor 109 compares the timestamp to a count provided to the 
saturating frequency detector 109 by timebase counter 111 
which is representative of the frequency of numerically con 
trolled oscillator 44. The saturating frequency detector 109 
provides a difference signal or frequency error value 112 
which is proportional to the difference between the frequency 
of the numerically controlled oscillator 44 of the cable 
modem and the crystal oscillator reference 16 of the cable 
modem termination system. 
0164. If the difference between the timestamp and the 
value of the timebase counter 111 is too large, then the dif 
ference is saturated to a maximum or minimum level depend 
ing on the sense of the excessive difference. 
0.165 Detector 109 is coupled by a zero or pass connection 
113 to latch 115. Responsive to a loop enable signal, the 
difference provided by the detector 109 is provided to latch 
115 when a global enable is provided thereto. The loop enable 
is set active when functioning of the digital tracking loop is 
desired. 
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0166 Latch 115 provides the frequency error value 112 to 
a loop filter which includes multipliers 117 and 119, scalers 
121 and 123, Summers 124, 125 and latch 127. 
(0167. The multipliers 117 and 119 include shift registers 
which effect multiplication by shifting a desired number of 
bits in either direction. Scalers 121 and 123 operate in a 
similar manner. The loop filter functions according to well 
known principles to filter out undesirable frequency error 
values, such that they do not adversely affect the stability or 
operation of numerically controlled oscillator 44. Thus, the 
loop filter tends to smooth out undesirable deviations in the 
frequency error value signal, so as to provide a more stable 
drive signal for the numerically controlled oscillator 44. 
0168 According to one embodiment of the present inven 
tion, the multipliers 117 and 119 can be loaded with different 
coefficients such that the bandwidth of the loop filter may be 
changed from a larger bandwidth during initial acquisition to 
a smaller bandwidth during operation. The larger bandwidth 
used initially facilitates fast acquisition by allowing fre 
quency error values having larger deviations to be accepted. 
As the digital tracking loop 42 converges, the frequency error 
value tends to become Smaller. At this time, frequency error 
values having larger deviations would tend to decrease sta 
bility of the digital tracking loop 42 and are thus undesirable. 
Therefore, different coefficients, which decrease the band 
width of the loop filter, are utilized so as to maintain stability 
of the digital tracking loop 42. 
0169. A table showing an example of coarse and fine coef 
ficients KO and K1 which are suitable for various different 
update rates and bandwidths are shown in FIG. 6E. 
(0170 The output of the loop filter is provided to latch 129. 
The output of latch 129 is added to a nominal frequency by 
summer 133 so as to define a drive signal for numerically 
controlled oscillator 44. 

0171 Those skilled in the art will appreciate that the addi 
tion of a frequency offset, if properly programmed to a normal 
frequency, will decrease the loop's acquisition time. This is 
due to the fact that the final value of the accumulated value of 
latch 127 will be closer to its initial value. 

0172. The nominal frequency is generally selected such 
that it is close in value to the desired output of the numerically 
controlled oscillator 44. Thus, when the numerically con 
trolled oscillator 44 is operating at the desired frequency, the 
filtered frequency error value provided by latch 129 is nomi 
nally Zero. 
0173 Referring now to FIG. 12, a flowchart showing the 
two levels of control, i.e., coarse lock and fine lock, of the 
digital tracking loop 42 is provided. As mentioned above, the 
coarse lock utilizes coefficients for the multipliers 117 and 
119 which provide a large bandwidth of the loop filter which 
is suitable for the acquisition of the frequency error value So 
as to initiate tracking, while the fine coefficients provide 
enhanced stability of the numerically controlled oscillator 44. 
so as to prevent undesirable fluctuations in the output thereof. 
According to one exemplary embodiment of the present 
invention, a hardware control level, i.e., utilizing coarse coef 
ficients for the multipliers 117 and 119, achieves a coarse 
frequency lock and then a Software level changes the loop 
coefficients to achieve a final, low jitter frequency lock. At the 
hardware level, a state of frequency lock implies that the 
difference between arriving timebase message values and the 
clock, i.e., output of the numerically controlled oscillator 44. 
of the cable modem 12 is below a predetermined or program 
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mable error threshold. Software lock implies that a final low 
jitter lock state has been achieved. 
0.174. The process for achieving coarse frequency lock or 
(sync=1) is now described. After starting 200, the cable 
modem 12 first waits 201 for the loop or data path enable 107 
(FIG. 6D) before becoming active. After the first timebase 
message arrives, then the first timebase message 202 is loaded 
203 into the timebase counter 111 (FIG. 6D) of the digital 
tracking loop 42. This allows the digital tracking loop 42 to be 
initiated with a value which produces a Zero frequency error 
value, so as to facilitate faster acquisition and prevent unde 
sirable swings in the output of the numerically controlled 
oscillator 44. Thus, when the data path enable 107 is detected 
by the digital tracking loop 42, then the next arriving times 
tamp is loaded into the timebase counter of the cable modem 
12 and the digital tracking loop 42 then waits 204 for the next 
timebase message to arrive. 
0175 Loading 203 of the initial timebase message into the 
timebase counter 111 enhances acquisition time because it 
forces the counter 111 of the cable modem 12 to have a value 
close to that of the linear counting sequence generator 21 of 
the cable modem termination system 10. When the next time 
base message arrives 204, the number of messages that have 
arrived thus far are compared 205 to a programmable thresh 
old. If the number of messages (acquisition count) is less than 
the programmable threshold (acquisition threshold), then the 
acquisition count is incremented 206. If the number of mes 
sages received so far (acquisition count) is greater than the 
programmable threshold (acquisition threshold), then the 
current timebase error is checked 207 against an error thresh 
old to determine whether or not sync can be declared 
(sync=1). If the timebase error is below the threshold, then 
hardware coarse lock has been achieved and sync becomes 
active. The cable modem 12 then waits for the next timebase 
message to arrive. If the new timebase error exceeds the error 
threshold, then the cable modem 12 returns to the initial or 
start state 200, resets the acquisition count and the loop inte 
grator value, i.e., the value Stored in latch 127, and the acqui 
sition process begins again. 
(0176 Referring now to FIG. 13, the software level of 
control occurs within a local processor and affects the digital 
tracking loop 42 via register writes to the loop filter's linear 
and integrator coefficients. The loop filter's linear coefficient 
is that coefficient placed in multiplier 117 and the loop filter's 
integrator coefficient is that coefficient placed in multiplier 
119. Loading different sets of coefficients into a loop filter 
changes the loop filter's bandwidth, as discussed above. 
0177 Thus, coarse coefficients give the digital tracking 
loop 42 a relatively large bandwidth, which enables quick 
acquisition of frequency error values, while narrower loop 
bandwidths reject frequency error values representative of 
noisier variations in the error metric, thereby smoothing the 
digital tracking loop's 42 response. It is important to note that 
Smooth response of the digital tracking loop 42 is important in 
achieving low jitter between the cable modem 12 and the 
cable modem termination system 10. 
0178. According to the present invention, before enabling 
the hardware acquisition control, the first stage of Software 
acquisition control includes estimation 300 of the timestamp 
interarrival time, which is particularly estimated by averaging 
the timestamp interarrival time over a plurality, e.g., 10 to 50 
arrivals. This estimation is important because the coarse and 
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fine coefficients are obtained from the table shown in FIG.6E, 
where they are dependent upon the update rate, i.e., times 
tamp interarrival time. 
0179. After interarrival time is estimated as represented by 
a block 300, then the software controller enters an initializa 
tion state as represented by a block 301 wherein a trial counter 
(which counts the number of acquisition attempts thus far) is 
reset, the tracking loop 42 is disabled and the latch 127 of the 
loop integrator is reset. 
0180. Next, the trial counter is incremented and checked 
as represented by a block 303 to see if the number of acqui 
sition attempts is less then a predetermined threshold. If the 
threshold is exceeded, then the controller takes a NO path 
back to block 300 and performs interarrival estimation again. 
Otherwise, the controller takes a YES path and the coarse 
coefficients are loaded as represented by a block 305 into the 
multipliers 117 and 119 of the digital tracking loop 42 and the 
loop is enabled. The software controller then waits as repre 
sented by a block 307 for the same number of timestamps to 
arrive as does the hardware controller, after which the sync bit 
that comes from the hardware controller is checked as repre 
sented by a block 309 to determine whether or not coarse lock 
has been achieved. 
0181. If sync is active (is equal to 1), then fine loop coef 
ficients are loaded as represented by a block 310 and a pro 
grammable amount of time is allowed to lapse as represented 
by a block 311 before a sync bit is checked once again. As 
represented by a block 313, the track error threshold value is 
loaded. The track error threshold is used to determine whether 
or not the tracking loop 42 is receiving timestamps Suitable 
for updating the frequency of the numerically controlled 
oscillator 44. As represented by a block 315 fine lock is 
checked. If fine lock is achieved the trial count is incremented 
via a YES path back to block 315 and further attempts to 
reacquire force lock can be made. Failure of fine lock causes 
a loop back to block 301 via a NO path and the acquisition 
process is restarted and also resets the trial counter. It is 
assumed that if fine lock has been achieved, then the interar 
rival estimation should be accurate. 
0182. The slot timing offset is determined by having the 
cable modem termination system 10 monitor a dedicated slot 
timing offset slot in upstream communications so as to deter 
mine the position of a slot timing offset message therein. The 
position of the slottiming offset message within the dedicated 
slot timing offset slot in the upstream communication deter 
mines the slot timing offset between the clock of the cable 
modem termination system 10 and the clock of the cable 
modem 12. Thus, the cable modem termination system 10 
may use this error to cause the cable modem 12 to transmit at 
an earlier point in time so as to compensate for propagation 
and processing delays. As illustrated in FIG. 11, this slot 
timing offset correction is equal to 2Tpg plus Tprocess. 
0183 Initially, the slot timing offset slot includes a com 
paratively large time slot, i.e., having comparatively large 
guard times, so as to accommodate comparatively large slot 
timing offset error. In a normal data packet, the width of the 
timing offset slot may be reduced when slot timing offset 
errors become lower (thus requiring Smaller guard bands), so 
as to facilitate more efficient upstream communications. 
0.184 Generally, communications will be initialized uti 
lizing a comparatively large guard time. After acquisition, 
when slot timing accuracy has been enhanced, then the guard 
time may be reduced Substantially, so as to provide a corre 
sponding increase in channel utilization efficiency. 
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0185. According to a further aspect of the present inven 
tion, data packets are acquired rapidly, e.g., in an order of 
sixteen symbol or so, so as to facilitate enhanced efficiency of 
bandwidth usage. As those skilled in the art will appreciate, it 
is desirable to acquire data packets as fast as possible, so as to 
minimize the length of a header, preamble or other non 
information bearing portion of the data packet which is used 
exclusively for Such acquisition. 
0186. As used herein, acquisition is defined to include the 
modifications or adjustments made to a receiver so that the 
receiver can properly interpret the information content of data 
packets transmitted thereto. Any time spent acquiring a data 
packet detracts from the time available to transmit informa 
tion within the data packet (because of the finite bandwidth of 
the channel), and is therefore considered undesirable. 
0187. According to the present invention, acquisition 
includes the performance of fine adjustments to the param 
eters which are defined or adjusted during the ranging pro 
cesses. During the ranging processes, slot timing, carrier fre 
quency, and gross amplitude (power) of the data packet are 
determined. During acquisition, these parameters are fine 
tuned so as to accommodate fractional symbol timing, carrier 
phase correction and fine amplitude of the data packet. 
0188 Moreover, according to the present invention, a 
ranging process is used to control power, slot timing and 
carrier frequency in the upstream TDMA channel. Power 
must be controlled so as to provide normalized received 
power at the cable modem termination system, in order to 
mitigate inter-channel interference. The carrier frequency 
must be controlled so as to ensure proper channelization in the 
frequency domain. Slot timing must be controlled so as to 
mitigate the undesirable collision of data packets in the time 
domain and to account for differential propagation delays 
among different cable modems. 
0189 Fractional symbol timing is a precise modification 
to slot timing. In slot timing, the clocks of the cable modems 
are synchronized such that a data packet is transmitted within 
a slot defined by the cable modem termination system, so as 
to avoid collisions of data packets transmitted simultaneously 
by different cable modems. During acquisition, fractional 
symbol timing allows the receiver to sample symbols at the 
correct time. Thus, fractional symbol timing causes the 
receive symbols of the data packet to be aligned in time Such 
that they are properly demodulated. As those skilled in the art 
will appreciate, it is important to detect the amplitude of 
QAM symbols at the correct time, so as to facilitate proper 
interpretation of the amplitude thereof. 
0190. Carrier phase correction is a fine tuning of carrier 
frequency correction, which is performed during the ranging 
process. Carrier phase correction is necessary in order for the 
phase derotator to properly compensate for phase errors in the 
received packet. 
0191 Fine amplitude correction is a more precise correc 
tion to gross amplitude correction, which is performed during 
a ranging process. Amplitude corrections must be applied to 
the incoming data packet, so as to assure that the amplitude is 
properly defined prior to amplitude detection by the slicer. 
0192 Thus, according to the present invention, acquiring a 
data packet in a cable modem termination system includes 
determining fractional symbol timing correction, determin 
ing carrier phase correction and determining fine amplitude 
correction. According to the present invention, fractional 
symbol timing correction is determined by a feedback loop 
process, carrier phase correction is determined by a loop 
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process and fine amplitude correction is determined by an 
estimation process. Unlike conventional methodology where 
fractional symbol timing correction, carrier phase correction, 
and fine amplitude are all determined by an estimation or 
correlation technique, this architecture can take advantages of 
the following merits: a) the same feedback loops can be used 
both for acquisition and tracking of symbol timing and carrier 
phase, and b) the carrier phase acquisition and Small fre 
quency offset correction (important during the ranging pro 
cess) can be performed by using the second-order loop archi 
tecture. 

0193 More particularly, the present invention includes 
determining fractional symbol timing correction via a frac 
tional symbol timing phase locked loop which controls a 
phase of a signal representative of the data packet being 
acquired as the data packet is processed in a resampler which 
provides an input to a phase derotator and includes determin 
ing a carrier phase correction which is performed by a carrier 
phase correction phase locked loop which controls a phase of 
a signal representative of the data packet being acquired in the 
phase derotator. In this manner, the fractional symbol timing 
is controlled as the signal representative of the data packet 
being acquired is processed by the resampler and the carrier 
phase is controlled as the derotator performs phase correc 
tion. 
(0194 The first resampler 1154 (shown in FIG. 22) pro 
vides a sample rate Suitable for processing by a matched filter 
and/or the phase derotator. It allows the analog-to-digital 
converter sample rate and the symbol rate to be independent 
and also programmable by the resampling factor. Optionally, 
the matched filter processes the signal representative of the 
data packet being acquired before the resampler which pro 
vides a sample rate Suitable for carrier phase recovery and a 
separate resampler 1146 (shown in FIG. 22) is used to per 
form fast clock phase recovery, as discussed in detail below. 
0.195 The matched filter compensates for the effects pro 
duced by a shaping filter of the cable modem transmitter 
which provided the data packet being acquired, according to 
well-known principles. 
0196. Thus, according to one aspect of the present inven 
tion, the signal representative of the data packet being 
acquired is processed by a first resampler to provide a sample 
rate suitable for the matched filter. Then, a signal representa 
tive of the data packet being acquired is processed by the 
matched filter. Then, the signal representative of the data 
packet being acquired is processed by a second resampler to 
provide a sample rate suitable for the phase derotator which 
the phase of the signal representative of the data packet being 
acquired is processed by a phase derotator to effect correction 
of a phase of either the in-phase (I) or quadrature (Q) channel 
of a QAM signal while the phase of the signal representative 
of the data packet being acquired is controlled by a carrier 
phase correction phase locked loop. Then, the signal repre 
sentative of the data packet being acquired is multiplied by an 
estimated amplitude correction factor to provide a signal 
Suitable for processing by the slicer. Then, the signal repre 
sentative of the data packet being acquired is processed by the 
slicer to effect demodulation of an amplitude component of 
the I or Q channel of the QAM signal. 
0.197 Optionally, the input gain (or phase detector gain) of 
the fractional symbol timing phase locked loop and/or the 
carrier phase correction phase locked loop by sensing an 
amplitude input to a phase detector of the loop and modifying 
the amplitude of the input to the loop filter. 
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0198 As those skilled in the art will appreciate, loop filters 
tend to be amplitude sensitive since the coefficients selected 
therefor may not be valid if the input to the phase detector has 
an amplitude which is substantially different from that for 
which the coefficients were selected. The use of coefficients 
which are not suitable for the input amplitude to the phase 
detector may therefore result in undesirably increased acqui 
sition time of the signal being acquired. 
0199 According to the present invention, use of the frac 
tional symbol timing feedback loop and the carrier phase loop 
with minimum loop delay, as well as the fine amplitude esti 
mation process, facilitate the acquisition of a data packet 
having a preamble which is sixteen symbols or less in length. 
0200. According to the present invention, the preamble 
includes a binary pattern 1111 and a unique word 1112 (FIG. 
17). Further, according to the present invention, both the 
binary pattern and the unique word are modulated using 
quadrature phase shift keying (QPSK). Thus, the entire pre 
amble is modulated using QPSK. 
0201 The fractional symbol timing and the carrier phase 
are determined using the binary pattern of the preamble. The 
fine amplitude correction is determined using the unique 
word of the preamble. 
0202 According to one aspect of the present invention, as 
shown in FIG. 24, the fractional symbol timing acquisition is 
accelerated by utilizing two offset symbol sampling clocks 
and selecting that offset symbol sampling clock which pro 
vides samples having the highest absolute value at the begin 
ning of each burst. As those skilled in the art will appreciate, 
when only a single symbol sampling clock is utilized, the 
phase of the symbol sampling clock may be such that samples 
of the alternating binary pattern are taken at times when the 
alternating binary pattern is near the transition point, i.e., has 
a value which is approximately Zero, and the sample levels are 
therefore ambiguous or difficult to reliably determine. 
0203 Thus, when only one symbol sampling clock is uti 
lized, the phase of that single symbol sampling clock must be 
varied until the alternating binary pattern is properly 
acquired. As those skilled in the art will appreciate, varying 
the phase of the single sampling clock until the alternating 
binary pattern is properly acquired (has sufficient amplitude) 
is undesirably time consuming and thus results in a greater 
acquisition time of the alternating binary pattern of the pre 
amble. 
0204 The use of two offset symbol sampling clocks, par 

ticularly when the two offset symbol sampling clocks are 
offset approximately 180 degrees with respect to one another, 
inherently causes one of the two symbol sampling clocks to 
sample when the amplitude of the alternating binary patternis 
sufficient to reliably determine the information content 
thereof. Thus, according to this aspect of the present inven 
tion, two offset symbol sampling clocks, each having a phase 
difference of approximately 180 degrees with respect to the 
other, are utilized and that clock which provides the best, e.g., 
highest amplitude (absolute value) is utilized in the sampling 
process for the alternating binary pattern of the preamble. The 
use of two offset symbol sampling clocks thus Substantially 
shortens the acquisition time of the alternating binary pattern. 
0205 Referring now to FIG. 4, the cable modem termina 
tion system 1042 (typically defined by the line card of FIG.2) 
comprises a burst receiver 292 for receiving data packets in 
the upstream data flow, a continuous transmitter 290 for 
broadcasting to the cable modems 12 via the downstream data 
flow and a medium access control (Headend MAC) 60 for 
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providing an interface between the burst receiver 292, the 
continuous transmitter 290 and other headend communica 
tions devices Such as video servers, satellite receivers, video 
modulators, telephone switches and Internet routers 1018 
(FIG. 1). 
0206 Each cable modem 12 (FIG. 2) comprises a burst 
transmitter 294 for transmitting data to the cable modem 
termination system including line card 1042 via downstream 
data flow, a continuous receiver 296 for receiving transmis 
sions from the cable modem termination system including 
line card 1042 via the upstream data flow and medium access 
control (Subscriber MAC) 90 for providing an interface 
between the burst transmitter 294, the continuous receiver 
296 and subscriber communications equipment such as a PC 
1048 (FIG. 2), a telephone, a television, etc. 
0207. The burst receiver 292, Headend MAC 60 and con 
tinuous transmitter 290 of the cable modem termination sys 
tem including line card 1042 and the burst transmitter 294, 
Subscriber MAC 90 and continuous receiver 296 of each 
cable modem may each be defined by a single separate, inte 
grated circuit chip. 
0208 Referring now to FIG. 5A, the cable modem termi 
nation system including line card 1042 of FIG. 2 is shown in 
further detail. The cable modem termination system includ 
ing line card 1042 is configured to receive signals from and 
transmit signals to an optical fiber 79 of the hybrid fiber coax 
(HFC) network 1010 (FIG. 2) via optical-to-coax stage 49, 
which is typically disposed externally with respect to the 
cable modem termination system including line card 1042. 
The optical-to-coax stage 49 provides an output to the 5-42 
MHz. RF input 84 via coaxial cable 54 and similarly receives 
a signal from the RF upconverter 78 via coaxial cable 54. 
(0209. The output of the RF input 84 is provided to splitter 
57 of the cable modem termination system including line card 
1042, which separates the 5-42 MHZ RF input into N separate 
channels. Each of the N separate channels is provided to a 
separate QPSK/16-QAM burst receiver channel 85. 
0210 Each separate QPSK/16-QAM burst receiver chan 
nel 85 is in electrical communication with the headend MAC 
60. The headend MAC 60 is in electrical communication with 
backplane interface 62 which provides an interface to ROM 
73, RAM 68, CPU 66, and 100BASE-T Ethernet interface 64. 
0211. The headend MAC 60 provides clock and a data 
output to the downstream modulator 72 which provides an 
output to amplifier 76 through surface acoustic wave (SAW) 
filter 74. Amplifier 76 provides an output to 44 MHz IF 
output, which in turn provides an output to the RF upcon 
verter 78. 

0212. Each burst receiver 85 is configured so as to be 
capable of receiving both QPSK (4-QAM) or 16-QAM sig 
nals. The QPSK signals provide 2 bits per symbol, wherein 
each bit has +1 amplitude levels. The 16-QAM signals pro 
vide 4 bits per symbol, each bit having a +1 or +3 amplitude 
level. 
0213 However, the description and illustration of a burst 
receiver configured to accommodate QPSK and 16-QAM 
inputs is by way of illustration only and not by way of limi 
tation. Those skilled in the art will appreciate that other modu 
lation techniques, such as 32-QAM, 64-QAM and 256-QAM 
may alternatively be utilized. 
0214. The cable modem 12 in FIG. 2 is shown in detail in 
FIG.5B within a rectangle 258. The system shown in FIG.5B 
includes a diplex filter 259. The systems shown in FIGS.5A 
and 5B can be combined into a single block diagram by 
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rotating FIG. 5B through an angle of 180 degrees so that the 
diplex filter 259 appears in inverted form at the right end and 
by then disposing the sheets adjacent each other. 
0215. The signals from the diplex filter 259 in the range of 
54-860 MHz pass to an RF tuner 260 and then to a surface 
acoustic waver filter (SAW) 261 which provides signals at a 
Suitable frequency Such as approximately 44 MHZ to an 
amplifier 262. The amplified signals pass to a 64/256-QAM 
downstream receiver 263 with forward error correction 
(FEC). Automatic gain controls are provided from the 
receiver 263 to the tuner 260. Clock and data signals then pass 
from the receiver 263 to a medium access controller (MAC) 
264 which introduces signals through an interface 265 to 
individual ones of a 10 Base-T transceiver 266, a CPU 267, a 
random access memory (RAM) 268 and a read only memory 
(ROM) 269. 
0216. The signals from the individual ones of the 10 
Base-T transceiver 266, the CPU 267, the RAM 268 and the 
ROM 269 pass through the interface 265 to the medium 
access controller (MAC) 264. The signals from the MAC 
controller 264 are then introduced to a QPSK-16QAM 
upstream burst modulator 270 with forward error correction. 
The signals from the burst modulator 270 are provided to a 
low pass filter 271 which passes signals in the range of 5-42 
MHz when the system is used in North America. The low pass 
signals are then introduced to a power amplifier 272, the 
output from which is provided to the diplex filter 259. The 
gain in the power amplifier 272 is regulated by the burst 
modulator 270. 
0217. In order to provide an enhanced understanding of 
the invention, certain terminology used in this application 
will now be defined. A “MAP is provided from the headend 
10 to the subscriber modem 12. A MAP defines a next frame. 
A "frame' is a generic term to define a group or a multiple 
number of slots. 
0218 FIGS. 7A and 7B are block diagrams showing at the 
Subscriber cable modem 12 the encrypting and decrypting 
system discussed herein. In FIG. 7A, data packets with 
encrypted data and control information are received at the 
cable modem 12 from the headend 10 by the receiver 296 
(also shown in FIG. 4). The control information may illustra 
tively indicate the information provided in a request conten 
tion region 486, a CM tx opportunity region 488 or a main 
tenance region 490, all shown in FIG.36. The data packets are 
then introduced to a downstream processor 342 which parses 
the data and the control information and introduces the 
encrypted (parsed) data through a line343 (FIGS. 7A and 7B) 
to a downstream decryptor 344 (FIG.7B). The decrypted data 
is then introduced from a downstream (D/S) direct memory 
access (DMA)306 through a memory interface 308 in a DMA 
controller 312 to a first area in a static random access memory 
(SRAM) 314. The control information also passes through a 
DMA 391 and the memory interface 308 in the DMA con 
troller 312 to a second area in the SRAM 314. 

0219. When data is to pass from the SRAM 314 to the 
headend 10, the decrypted data and the control information 
are read from the separate areas in the SRAM and are passed 
through an upstream direct memory access (DMA) 522 in the 
DMA controller 312. An upstream header processor 319 
introduces decrypted information from the SRAM 314 to an 
upstream header processor 319. The decrypted data is then 
encrypted in an upstream data encryption standard (DES) 
circuit 321. The encrypted data from the DES 321 and the 
control information from the upstream header processor 319 
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then respectively pass through lines 322 and 323 (FIGS. 7A 
and 7B) to an upstream control 324 in FIG. 7A. 
0220. The upstream control 324 provides an interface 
which receives timing from a timing regeneration circuit 
(TRC)341 to control the time when the encrypted data passes 
from the DES circuit 321. The encrypted data and the control 
information are then combined in the transmitter 325 (also 
shown as transmitter 294 in FIG. 4) at the subscriber modem 
12 to form the extended packets. A serial peripheral interface) 
326 provides an interface for control information between the 
upstream control 324 and an SPI bus leading to a tuner and 
EEPROMS. 

0221) Each individual subscriber has an encryption unique 
to that subscriber. This encryption is encoded by the headend 
10 in packets sent to that individual subscriber and is decoded 
by the individual subscriber. In like manner, the encryption is 
encoded by the subscriber modem 12 in extended packets sent 
by the individual subscriber to the headend 10 and is decoded 
by the headend. 
0222 FIGS. 8A and 8B are block diagrams similar to 
those shown in FIGS. 7A and 7B. However, FIGS. 8A and 8B 
show the system at the headend 10 for encrypting the data in 
packets sent by the headend to the individual subscriber 
modem 12 and for decrypting the packets sent by the indi 
vidual subscriber modem to the headend. The system shown 
in FIGS. 8A and 8B may be disposed on an integrated circuit 
chip. 
0223) As shown in FIGS. 8A and 8B, packets of data may 
be introduced to the headend 10 by a data queue 327 in a 
server external to the integrated circuit chip or may be intro 
duced to the memory from a local bus interface 328 or a CPU 
interface in the chip. The interface 328 provides a control for 
a direct memory access (DMA) engine 329 similar in con 
struction to the DMA 306 in FIG. 7B. The packets from the 
data queue 327 are stored in a downstream (D/S) data buffer 
or FIFO 533. The packets are parsed by a downstream parser 
364 and the data in the parsed packets is encrypted by a DES 
encryption engine 535. The encryption is different for each 
individual subscriber modem 12 and is controlled by a 
DRAM access controller 531, which accesses a key DRAM 
728. 

0224. The encrypted data from the DES encryption engine 
535 are introduced to a cyclic redundancy code/header check 
sum (CRC/HCS) inserter 361. The CRC/HCS inserter 361 
provides a parity check to make certain that the packet is 
complete. The CRC/HCS inserter 361 combines the 
encrypted data from the DES encryption engine 535 and the 
other control information from the downstream parser 364 in 
the extended packet. The extended packets meeting the tests 
of the CRC/HCS inserter 361 are passed through a line 389 in 
FIGS. 8A and 8B and are stored in a downstream transmit 
buffer TxFIFO 390 in FIG. 8B. The Stored information and 
timing information from a timing generation circuit 341 are 
introduced to a downstream controller 392, which arbitrates 
between data and timing information. 
0225. The signals from the downstream controller 392 
pass through a downstream (D/S) data interface 396 to the 
transmitter 537 external to the integrated circuit chip. The 
transmitter 537 transmits the packets downstream to the sub 
scriber modem 12 identified by the encryption in the packets. 
A serial peripheral interconnection provides an interface for 
control information, but not data, between the integrated cir 
cuit chip (FIG. 8A) and the transmitter 537 and between the 
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integrated circuit chip and a plurality (e.g., eight) of receivers 
394, which are external to the integrated circuit chip. 
0226. An upstream (U/S) data interface 395 is connected 
between each of receivers 394 and a corresponding upstream 
receive (U/SRX) buffer memory (RX FIFO)555. The infor 
mation in the buffer memory 555 is introduced to an upstream 
channel arbiter 397. The arbiter 397 selects the packets from 
one of the eight receivers at each instant in accordance with 
the source of the data provided in a MAP FIFO 274. For 
example, the packets from one of the receivers 394 may be 
selected when the packets are marked with the code for that 
receiver in the MAP for that channel. 
0227. The packets passing through the arbiter 397 are 
Stored in the FIFO 523 in FIG. 8A and are introduced from the 
FIFO 523 through a line 431 to an upstream parser 557. The 
parser 557 passes the data to a DES data decryption engine 
434 and the other (e.g., control) information to a cyclic redun 
dancy code/header checksum (CRC/HCS verification) stage 
444. The DES decryption engine 434 decrypts the encrypted 
data under the control of the DRAM access controller 531 and 
passes the decrypted data to the CRC/HCS stage 444. The 
CRC/HCS stage 444 combines the decrypted data and the 
other information to re-form the extended packets and passes 
the reformed packets to a buffer or FIFO 445. The packets 
then pass through the DMA engine 329 to the host system 
memory disposed externally of the integrated circuit chip in a 
SeVe. 

0228. A serial peripheral interface (SPI) controller 426 in 
FIG.8A corresponding to the serial peripheral interface (SPI) 
326 in FIG. 7A is connected to the local bus interface 328 to 
provide an interface for control information to write into the 
data queue 327. A management information base (MIB) 432 
stores statistical errors produced by the stage relating to unde 
tected data packets, uncorrectable data packets and signal-to 
noise ratios in data packets, for use in connection with FIGS. 
32 and 33. 

0229. The burst receiver used to practice this invention is 
shown as the block 292 in FIG. 4. As shown in FIG. 4, the 
burst receiver is disposed at the headend 10 to receive packets 
of symbols from the subscriber modem 12. As illustrated in 
FIG. 35. Each packet includes a preamble 720, a unique word 
721, an equalizer train 722, a payload 723, and a guard time 
724. 

0230. The preamble may be limited to as few as 16 sym 
bols. It includes a first group of symbols which have a binary 
alternating sequence in a particular pattern to provide for a 
fast synchronization of the headend 10 to the carrier fre 
quency of the signals from the Subscriber modem 12. It may 
also include symbols which distinguish the subscriber 
modem 12 from the other subscriber modems on the channel. 
0231. The unique word 721 is in a distinctive symbol 
pattern to indicate the end of the preamble 720 and the begin 
ning of the payload 723. The payload 723 may be of variable 
size depending upon the length of the communication from 
the subscriber modem 12 to the headend 10. The equalizer 
train 722 may be provided between the unique word 721 and 
the payload 723. The equalizer train 722 may be in a random 
sequence. It is provided during the initialization period to 
train the equalizer to provide proper coefficients to the sub 
scriber modem 12. 

0232. Additional details in the construction of the burst 
receiver 292 are shown in FIG. 9. In FIG. 9, incoming radio 
frequency (INRF) signals are introduced on a line 460 to a 
downconvert stage 514 which converts the signals to an inter 
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mediate frequency. The signals then pass to a demodulator 
448 which recovers the modulated data. The signals from the 
data demodulator 448 are introduced to an equalizer 453 
which may illustratively be for constellations designated as 
16-QAM. 
0233. The signals from the equalizer 453 are introduced to 
a preamble processing stage 520. The stage 520 processes the 
preamble 720 to provide for a very fast synchronization of the 
headend 10 to the frequency of the carrier signals from the 
subscriber modem 12. This is important in insuring that the 
headend 10 will process all of the data symbols in the packets 
from the subscriber modem 12. 

0234. The stage 520 also provides a ranging operation on 
the symbols transmitted from the subscriber modem 12 to the 
headend 10. One aspect of this ranging operation is to deter 
mine the time between the transmission of the symbols from 
the headend 10 to the subscriber modem 12 and the transmis 
sion of symbols from the headend to the subscriber in 
response to the symbols transmitted from the headend to the 
subscriber. 

0235 Since the distance between the headend 10 and the 
Subscriber modem 12 may be as great as approximately one 
hundred (100) miles, the time between the transmission of 
symbols from the headend 10 to the subscriber modem 12 and 
the response of the subscriber to the headend may be large. 
Until this time is determined and a window is provided at the 
headend around this determined time, the headend 10 cannot 
operate effectively in processing the symbols from the sub 
scriber. 

0236. The ranging operation involves the determination at 
the burst receiver of Such parameters as the ranging offset 
measurement, the equalizer coefficients, the burst power 
level, the slot timing error and the carrier frequency offset. 
The signals from the stages 520 are introduced to the demodu 
lator 448. 

0237. In addition to being introduced to the stages 520, the 
signals from the equalizer 453 are introduced to a de-random 
izer 275. The de-randomizer 275 de-interleaves the signals 
which have been previously interleaved at the subscriber 
modem 12 to prevent data from the subscriber from being lost 
as a result of noise in the cable. The de-randomized signals 
then pass to a Reed-Solomon (RS) decoder 524 which cor 
rects for errors in the packets. The signals then pass through 
MAC 60 (also shown in FIG. 4) to an output line 526. 
0238 Reference is made to FIG. 10 for additional details 
of the burst receiver shown in FIG.9. These additional details 
include a fine mixer 462 which processes the received quadra 
ture phase signals on the lines 538 and 540. The fine mixer 
462 also receives signals from a direct digital frequency syn 
thesizer (DDFS) 463 which is constructed in a well known 
manner to provide signals for mixing with the signals on the 
lines 538 and 540 to provide beat frequency signals. 
0239. The quadrature phase signals from the fine mixer 
462 respectively pass through low pass filters 464 and 465 to 
a clock frequency recovery stage 552. 
0240. The clock frequency recovery stage may include a 
phase locked loop with a numerically controlled oscillator to 
provide a fast recovery of the frequency of the carrier signals 
from the subscriber modem 12. A phase locked loop with a 
numerically controlled oscillator may be generally known in 
the prior art but not for the purpose of providing a fast recov 
ery of the frequency of the carrier signals from a subscriber 
such as the subscriber modem 12. 
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0241 The quadrature phase signals from the clock fre 
quency recovery stage 552 pass to decimation filters 554 and 
466. The decimation filters 554 and 466 change the frequency 
of the signals from the clock frequency recovery stage 552 to 
a Suitable frequency Such as four (4) times the symbol rate. 
The signal then pass to Nyquist filters 558 and 467. The 
Nyquist filters 558 and 467 constitute matched filters which 
provide signals at the desired frequency. 
0242. The signals from the Nyquist filters 558 and 467 are 
in turn introduced to a clock phase recovery stage 468. The 
clock phase recovery stage 468 may include a phase locked 
loop with a numerically controlled oscillator to provide a 
recovery of the phase of the carrier signals from the sub 
scriber modem 12. A phase locked loop with a numerically 
controlled oscillator may be generally known in the prior art, 
but not for the purpose of providing a fast phase recovery of 
the carrier signals from a subscriber such as the subscriber 
modem 12. 
0243 There are significant differences between the prior 
art and applicant’s system involving frequency and phase 
recovery of the carrier signals from the subscriber 12. These 
differences cause applicant to recover the frequency and 
phase of the carrier signals significantly faster than in the 
systems of the prior art. Applicant’s system provides separate 
clock frequency recovery and clock phase recovery stages 
and disposes the Nyquist filters between the clock frequency 
recovery and clock phase recovery stages. In the prior art, 
clock frequency recovery and clock phase recovery stages are 
combined into a single stage and the Nyquist filters are dis 
posed after this single stage. 
0244. A power estimator and start-of-burst detector stage 
276 receives signals from a stage 481 designated as “Ranging 
Process.” The ranging process is described in detail below. 
The start-of-burst detector responds to start-of-burst signals 
which are initially provided in the packet 719 in FIG.35 at the 
headend 10 to indicate the time between the transmission of 
symbols from the headend 10 to the subscriber modem 12 and 
the reception of return signals by the headend from the sub 
scriber. These start-of-burst signals are preferably start-of 
burst signals in the same pattern as provided by the headend 
10 to the subscriber modem 12 but they may be in other 
patterns without departing from the scope of the invention. As 
previously discussed, the distance between the headend 10 
and the Subscriber modem 12 may be as great as one hundred 
(100) miles. This involves a total delay of approximately one 
and six tenths milliseconds (1.6 ms) between the transmission 
of signals from the headend 10 to the subscriber modem 12 
and the return of signals from the subscriber to the headend. 
0245 FIG. 11 illustrates the delay between the transmis 
sion of signals from the headend 10 designated HE to the 
subscriber modem 12 designated SU and the return of signals 
from the subscriber to the headend. In FIG. 11, time is indi 
cated along the horizontal axis and distance along the vertical. 
axis. The signal is shown as being transmitted from the hea 
dend 10 at a time 482 as a downstream message to the sub 
scriber modem 12. The subscriber modem 12 then processes 
the message during a time 484 designated as “T process'. 
After processing the message, the Subscriber modem 12 then 
sends an upstream message, which is received at the headend 
10 at a time 493. The transmission time between headend 10 
and Subscriber modem 12 is designated Tpg. The contention 
resolution interval (CRI) is the sum of 2Tpg and “T process'. 
A ranging window 495 is provided at the headend to indicate 
the time period during which the headend 10 would ordinarily 
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expect to receive the return signals from the subscriber 
modem 12. As shown, the duration Todd of the window 495 
encompasses the time period “T process'. A time indication 
499 is shown at the middle of the window 495 to indicate the 
time that the return signal from the subscriber modem 12 
would ordinarily be expected at the headend 10. 
0246 The start-of-burst signals initially transmitted from 
the headend 10 to the subscriber modem 12 are in a simple 
binary pattern. Signals are then transmitted by the subscriber 
modem 12 to the headend 10, preferable in the same patternas 
the start-of-burst signals transmitted from the headend to the 
subscriber. In order for the headend 10 to act upon these 
signals, the signals have to be above a particular power level. 
They indicate to the headend 10 the that the subscriber 
modem 12 is going to be sending, preferably immediately 
thereafter, to the headend 10 signals for initial maintenance. 
These initial maintenance signals are indicated at 490 in FIG. 
36. 

0247 Thereafter, the headend 10 sends maintenance sig 
nals periodically to the subscriber 12. The time periods allo 
cated by the headend to the subscriber modem 12 for this 
Subsequent maintenance can be quite precise because of the 
action of the time-of-burst signals in determining the time 
between the transmission of signals from the headend 10 to 
the subscriber modem 12 and the return of the signals from 
the subscriber to the headend. 

0248. The signals from the stage 468 in FIG. 10 are intro 
duced to a tracking loop 575 which provides a phase locked 
loop for the payload 723 in the packets 719 in FIG. 35. The 
signals from the tracking loop pass to clock generator logic 
501 as do the signals from a fast clock recovery circuit 579. 
The tracking loop 575, the clock generator logic 501 and the 
fast clock recovery circuit 579 facilitate the operation of the 
clock phase recovery stage 468 in recovering the phase of the 
carrier signals from the subscriber modem 12. 
0249. The signals from the tracking loop 575 also pass to 
a phase read only memory (ROM) 503. The memory 503 also 
receives signals from a fast carrier recovery stage 581. The 
stage 581 may include a phase locked loop for processing the 
preamble 720 in the packets 719 in FIG. 35 on a fast basis to 
recover the frequency of the carrier signal. The phase ROM 
503 and the stage 581 are included in a derotator (FIGS. 21 
and 22) that provides a carrier phase derotation of the signals 
from the fast carrier recovery stage 581. Such derotators are 
well known in the art. 

0250. The quadrature phase signals from the stage 468 are 
respectively coupled by a carrier phase de-rotator stage 577 to 
a pair of multipliers 583 and 509 and to an input terminal of an 
amplitude estimator 585. The signals from the amplitude 
estimator 585 are also introduced to the multipliers 583 and 
509. The amplitude estimator interpolates the derotated 
quadrature phase signals from the stage 581 to determine the 
peaks of these derotated signals. The amplitude estimator 585 
then decimates the interpolations between the peaks So that 
only the peaks remain. 
0251. The peak signals from the amplitude estimator 585 
are then introduced to an equalizer 596 which operates in a 
well known manner to eliminate from the peak signals noise 
from extraneous sources and noise from reflections in the line 
between the headend 10 and the subscriber modem 12. Equal 
izers corresponding to the equalizer 596 are known in the art. 
The operation of the equalizer 596 is controlled by an equal 
izer control 598. 
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0252. The quadrature phase equalizer signals then pass to 
slicers 511 and 513, which are known in the art. The slicers 
511 and 513 provide a plurality of amplitude levels depending 
upon the constellation (e.g., 4-QAM, 16-QAM) of the signals 
being processed and select the individual one of these ampli 
tude levels closest in amplitude levels to the amplitudes of the 
peak signals from the amplitude estimator 585. 
0253) The outputs from the slicers 511 and 513 pass to a 
base band processor 587 and to a unique word detector 515. 
The unique word (UW) detector 515 detects the end of the 
preamble 720 and the beginning of the payload 723 in the 
packets 719 in FIG. 35. The output from the unique word 
detector 515 is introduced to the base band processor 587 to 
control the operation of the processor. Among other func 
tions, the base band processor 587 provides forward error 
correction to correct errors in the payload 723 in the packets 
719 in a well known manner. 

0254 The burst receiver 292 shown in FIGS. 9 and 10 has 
certain important advantages. It provides for a determination 
by the headend 10 of the frequency and phase of the carrier 
signals from the Subscriber modem 12 in as few as sixteen 
(16) symbols in the preamble 723 (FIG.35), not counting the 
start-of-burst signals initially included in the preamble. This 
is advantageous because it is important to acquire a fast 
acquisition of symbols in each packet 723, particularly since 
the burst receiver 292 is acquiring data from different sub 
scriber modem in Successive regions in each frame. If the 
symbols in each packet are not acquired fast, valuable infor 
mation may be lost. 
0255. The burst receiver 292 also provides for ranging 
functions (e.g., slot timing, power level, carrier frequency 
(FIG. 4) after the determination of the timing interval, by the 
start-of-burst signals, between the transmission of signals 
from the headend 10 to the subscriber modem 12 and the 
return of the signals to the headend has been determined. The 
burst receiver 292 shown in FIGS.9 and 10 also provides for 
each Subscriber to send and receive the signals in the packets 
719 in programmable constellations (e.g., QPSK, 16-QAM) 
in accordance with the signal-to-noise ratio in the line 
between the subscriber modem 12 and the headend. It further 
provides for different subscriber modems in the same channel 
to send and receive signals in the packets in different constel 
lations and at different baud rates (e.g., 160 K Baud, 5.12 M 
Baud). This is true even within Successive regions in the same 
frame. This occurs on a subscriber-by-subscriber basis for the 
different subscriber modems in the channel. 

0256. As previously described each channel includes a 
plurality of subscriber modems, each of which can operate 
with different constellations and at different baud rates. Fur 
thermore, as shown in FIG. 31, the subscriber modem in 
different channels can operate in a range of frequencies from 
five megahertz (5 MHz) to forty-two megahertz (42 MHz) in 
North America and at frequencies even higher than forty-two 
megahertz (42 MHz) in foreign countries. This causes differ 
ences of power between the signals in the subscriber modem 
in different channels to have a range as fifty decibels (50 db). 
This is a considerable dynamic range in power. It would be 
accordingly difficult to compensate in a single stage for Such 
a considerable difference. 
0257. This invention provides a system for compensating 
in a simple and efficient manner for differences in power as 
much as fifty decibels (50 db) between subscriber modems in 
different channels. The system accomplishes this by provid 
ing a portion of the compensation while the signals are in 
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analog form and by providing the remaining portion of the 
compensation after the analog signals have been converted to 
a digital form. 
0258. A system for accomplishing the objectives dis 
cussed in the previous paragraph is shown in FIGS. 25A and 
25B. It includes a filter 610 having a filtering range of 
approximately five megahertz (5 MHz) to forty-two mega 
hertz (42 MHZ) corresponding to the frequency range of the 
channels in North America. The signals from the filter 610 are 
introduced to an analog amplifier 612. 
(0259. The differences in the level of power in the filter 610 
and the analog amplifier 612 for different subscriber modems 
12 may be high because the signals are provided through the 
entire range of frequencies in the channels. (See FIG. 31 for 
the range offrequencies in the channels.) A Suitable portion of 
the dynamic range of power of approximately fifty decibels 
(50 db) for the different subscriber modems 12 is handled in 
the filter 610 and the analog amplifier 612. For example, this 
portion may be approximately twenty decibels (20 db). This 
is accomplished by setting the gain threshold of the analog 
stages so that power is obtained from the amplifier 612 only 
above a specified level represented by the threshold. 
0260 The signals from the filter 610 are also introduced to 
an analog-to-digital (A/D) converter 614. The signals from 
the converter 614 pass to a wide band power estimator 616. 
The output of the power estimator 616 is introduced to a stage 
618 for regulating gain. The output from the stage 618 passes 
to an input to the analog amplifier 612. The output of the 
analog amplifier 612 is connected to a burst demodulator 519. 
The A/D converter 614, the wide band power estimator 616, 
the gain regulating stage 618 and the burst demodulator 519 
are included in the burst receiver 292 which is indicated in 
FIGS. 25A and 25B by broken lines. 
0261 The power estimator 616 measures the power of the 
signals from the Subscriber modem 12 at each frequency in a 
channel. This can be accomplished by shifting the frequency 
of the power estimator 616 through the different frequencies 
in the channel. In this way, the power estimator 616 measures 
the average power of the signals transmitted in the channel by 
the subscriber modem 12 to the headend 10. The gain regu 
lating stage 618 regulates the value of this average power at a 
particular value. The regulated gain is introduced to the ana 
log amplifier 612 which amplifies the signal from filter 610 
and introduces the amplified signal to the burst demodulator 
519. In this way, the burst demodulator 519 handles the 
remaining portion of the dynamic range of power. This may 
illustratively be approximately thirty decibels (30 db) when 
the dynamic range of power for the subscriber modem 12 in 
the different channels is approximately fifty decibels (50 db). 
0262. When the burst receiver 292 receives one of the 
packets 719 from the subscriber modem 12, it determines if 
the unique word 721 matches the pattern for the unique word 
at the burst receiver. If such a match occurs, this indicates that 
the applicable payload 723 follows in the packet 719. A count 
is then made of a particular number of symbols from the end 
of the unique word in the direction toward the preamble. This 
count may include a portion of the preamble. The amplitude 
of the signals in each of these symbols is then determined and 
the average of these amplitudes in each of these symbols is 
then computed. 
0263. The average amplitudes for the different symbols 
are then added and the sum is divided by the number of 
symbols involved in the computation to obtain a resultant 
value. This value is inverted and the inverted value is latched. 
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The latched value is used to recover the payload 723 to offset 
any difference between a desired amplitude and an actual 
amplitude for the bits in the payload symbols. For example, if 
the resultant value is 2. the inverted value is accordingly and 
this value is latched. So one-half () of the amplitude of each 
bit in each symbol is used as the amplitude value of the bit. 
0264. To determine a power value that is used for correc 
tion in FIG. 4, a count is made of a particular number of 
symbols from the beginning of the unique word in the direc 
tion toward to the preamble. This count may include a portion 
of the preamble. The average power in each symbol in the 
count is then determined and the average power in the differ 
ent symbols is added to obtain a resultant value. This resultant 
value is divided by the particular number of symbols to obtain 
the correctional value that is used in obtaining the power level 
at the subscriber modem 12 as shown in FIG. 4 and described 
above. 
0265 Referring now to FIG. 14, a contemporary, continu 
ous transmission is shown wherein a series of contiguous 
payloads 1101, Such as those defined by data packets, are 
concatenated to define a generally continuous data stream 
1100. Because the data stream 1100 is generally continuous, 
e.g., does not contain periodic interruptions, acquisition only 
occurs infrequently, such as during startup or initialization. 
0266 The contemporary data stream 1100 as shown in 
FIG. 14 is Suitable for point-to-point transmission, such as 
between a single transmitter and a single receiver. 
0267 Referring now to FIG. 15, data bursts 1105 define a 
discontinuous data stream 1103. The data bursts 1105 are 
typically defined by data packets and are separated by guard 
bands 1107. 
0268. The area between guard bands 1107 where the data 
bursts 1105 are located is defined by a time division multiple 
access (TDMA) timeslot which the cable modem termination 
system including line card 1042 pre-assigns to cable modems 
1046 which have previously requested such time slots in 
order to facilitate upstream communications. The guard 
bands 1107 provide some tolerance between adjacent time 
slots, so as to mitigate the occurrence of undesirable data 
collisions between adjacent data packets. 
0269. It is possible, such as in light data traffic conditions, 
that one or more adjacent time slots might be empty, thereby 
further increasing the time between adjacent data bursts. 
0270. Because the data bursts 1105 are discontinuous, 
each data packet which defines a data burst must be reac 
quired by the burst receiver 85 (FIG. 5A). 
0271 The discontinuous nature of such time division mul 
tiple access (TDMA) upstream communications is thus due to 
the fact that a plurality of different cable modems are com 
peting for upstream channel bandwidth. Since the upstream 
channel is divided into a plurality of time slots, so as to 
accommodate the plurality of cable modems transmitting in 
the upstream channel, it is difficult, if not impossible, to 
define a single, continuous upstream data transmission. 
0272. Thus, the discontinuous nature of the upstream data 
communication necessitates the use of a burst receiver which 
is capable of re-acquiring each individual data packet. 
0273 Referring now to FIG. 16, the data packet which 
defines each data burst 1105 comprises a QPSK or QPSK-like 
preamble (i.e., a subset of 16-QAM constellations) 1109 and 
a 16-QAM payload 1110. The QPSK preamble 1109 is an 
order of sixteen symbols long. It is during this sixteen symbol 
QPSK preamble 1109 that acquisition by the burst receiver 85 
takes place. It is during acquisition that fractional symbol 
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timing correction, carrier phase correction and fine amplitude 
correction are determined, so as to facilitate proper and reli 
able demodulation of the 16-QAM payload 1110. 
(0274 Referring now to FIG. 17, the QPSK preamble 1109 
comprises a binary pattern 1111 (better shown in FIG.24) and 
a unique word 1112. The binary pattern 1111 of the QPSK 
preamble 1109 is used in the recovery or acquisition of frac 
tional symbol timing and carrier phase. The unique word is 
used in the recovery or acquisition of fine amplitude. The 
unique word also optionally provides an identification of the 
transmitting cable modem 1046. 
0275 Fractional symbol timing correction and carrier 
phase correction are both determined by fast feedback loop 
processes. According to the present invention, fractional sym 
bol timing correction is performed by a fractional symbol 
timing phase locked loop and carrier phase correction is per 
formed by a carrier phase correction phase locked loop, both 
of which are discussed in detail below. 
0276 Referring now to FIG. 18, a contemporary phase 
locked loop 1120 comprises a phase detector 1122 to which a 
first signal is provided at input 1124. The signal provided to 
the first input 1124 is a signal having some degree of timing 
information. The timing of the signal provided to input 1124 
may not be stable and/or may not be comprised of well 
defined, Substantially noiseless pulses, such as those of an 
oscillator or a clock. 
0277. When it is desired to provide a comparatively stable, 
well-defined noiseless reference signal. Such as that which 
may be used to facilitate sampling in an analog-to-digital 
converter, it is necessary to use the original signal to facilitate 
timing recovery. 
0278. The phase detector 1122 provides an output which is 
proportional to a difference in phase between the signal pro 
vided at input 1124 and a feedback signal provided at input 
1125. Because the output of the phase detector 1122 typically 
comprises an undesirable high frequency component, loop 
filter 1127 is used to assure that only desirable low frequency 
components of the output of the phase detector 1122 are 
provided to voltage controlled oscillator 1129. The output of 
voltage controlled oscillator 1129 is provided as a reference 
signal or the second input 1125 to phase detector 1122. The 
output of voltage controlled oscillator 1129 also forms the 
desired comparatively stable, well-defined, substantially 
noise-free reference for use in Such applications as clocking 
or sampling. 
(0279 Referring now to FIG. 19, a simplified phase locked 
loop 1140a typically used in a digital receiver, which includes 
a matched filter 1145a in addition to the standard phase 
locked loop components of a loop filter 1148, a numerically 
controlled oscillator 1149 and phase detector 1147, is shown. 
The phase locked loop shown in FIG. 19 is a somewhat 
simplified version of the fractional symbol timing correction 
phase locked loop of FIG. 22, which likewise includes a 
matched filter. 
0280. It is important to understand that the matched filter 
1145a of the simplified phase locked loop 1139a inherently 
represents an undesirable time delay, and thus, undesirably 
increases acquisition time of the phase locked loop 1139a. 
0281 Referring now to FIG.20, according to one aspect of 
the present invention (shown in detail in FIG. 22), the 
matched filter 1145a is moved outside of the phase locked 
loop 1140b so as to remove the undesirable time delay from 
the loop and thereby improve the acquisition time thereof. 
The phase locked loop shown in FIG. 20 is a somewhat 
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simplified version of the fractional symbol timing correction 
phase locked loop of FIG. 22, wherein the matched filter has 
been moved outside of the phase locked loop. 
0282 Referring now to FIG. 21, according to one aspect of 
the present invention, a burst receiver circuit 1139a comprises 
a fractional symbol timing phase locked loop 1140a, a carrier 
phase correction phase locked loop 1141 and an amplitude 
estimator circuit 1142. As shown in FIG. 21, the matched 
filter 1145a of the fractional symbol timing phase locked loop 
1140a is inside the phase locked loop defined by resampler 
1146, phase detector 1147, loop filter 1148 and numerically 
controlled oscillator 1149. According to this aspect of the 
present invention, the matched filter 1145a introduces an 
undesirable time delay, thereby inhibiting fast acquisition of 
the fractional symbol timing. 
0283. The burst receiver 1139a shown in FIG. 21 includes 
an analog-to-digital converter 1150, a down converter which 
includes a direct digital frequency synthesizer 1151 and a 
mixer or multiplier 1152, and a low pass filter 1153 for 
removing unwanted high frequency components which result 
from the mixing process of the down converter. 
0284. The carrier phase correction phase locked loop 1141 
includes the phase derotator 1160, phase detector 1161, loop 
filter 1162 and numerically controlled oscillator 1163, which 
operate as discussed above with respect to FIG. 9 so as to 
provide a phase reference signal to the phase derotator 1160 
which corrects error in the carrier phase and small residual 
frequency error of the data packet which otherwise would 
tend to cause errors in the amplitude demodulation or slicing 
process. 
0285 Conventional coherent amplitude estimator circuit 
1142 includes a conventional coherent amplitude estimator 
1165 which operates according to well-known principles to 
provide an amplitude estimate or correction factor after frac 
tional symbol timing and fine carrier frequency synchroniza 
tion have been achieved. 
0286 The amplitude estimate or correction factor is 
applied to the data packet via multiplier 1166 before the data 
packet is input to equalizer 1170 which compensates for 
channel spectral deficiencies which would otherwise inhibit 
reliable amplitude demodulation by the slicer 1171. 
(0287. Referring now to FIG. 22, burst receiver 1139b is 
identical to burst receiver 1139a with the exception that 
matched filter 1145b is outside of both phase locked loop 
1140b, so as to avoid the undesirable inherent introduction of 
a delay in acquisition time caused by placing the matched 
filter 1145b within the timing recovery loop 1140a as shown 
in FIG. 21. This mitigates undesirable delays within the frac 
tional symbol timing loop caused by the matched filter. The 
minimum delay in the loop is essential for fast burst acquisi 
tion using the feedback loop architecture. An open-loop resa 
mpler is also required to resample the input signal relative to 
the symbol rate, independent of the ADC sample clock rate. 
Since the matched filter 1145b is placed ahead of resampler 
1146 of the fractional symbol timing phase locked loop 
1140b, a second resampler 1154 must be provided ahead of 
matched filter 1145b so as to provide the digitized data burst 
to the matched filter 1145b at a proper sample phase of the 
data. 
0288 Referring now to FIG. 23, phase detector gain boost 
ing logic may optionally be provided so as to further enhance 
the speed at which acquisition occurs. As those skilled in the 
art will appreciate, the loop filter 1201 of a phase locked loop 
1200 is sensitive to the amplitude of the signal provided 
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thereto. That is, the coefficients selected for the loop filter 
1201 must be appropriate for the amplitude of the signal 
provided to the loop filter 1201 in order to assure rapid acqui 
sition of the signal input to the phase locked loop 1200. 
0289. In order to assure that the amplitude of the signal 
input to the loop filter 1201 is within a desired range, i.e., is 
appropriate for the coefficients selected for the loop filter 
1201, a sensor and amplitude control 1202 monitors the 
amplitude of the voltage input to phase detector 1203 and 
modifies, via mixer or multiplier 1204, the amplitude of the 
signal input to loop filter 1201 which provide an output to 
NCO 1205. Thus, when the amplitude of the signal input to 
the phase detector 1203 is too low, then the sensor and ampli 
tude control 1202 increases the amplitude of the signal input 
to loop filter 1201 such that the amplitude of the signal input 
to loop filter 1201 is within a desired range which is appro 
priate for the coefficients thereof. Similarly, when the sensor 
and amplitude control 1202 senses that the amplitude of the 
signal input to the phase detector 1203 is too high, then the 
sensor and amplitude control 1202 reduces the amplitude of 
the signal input to the loop filter 1201, such that the amplitude 
of the signal input to the loop filter 1201 is within the desired 
range for the coefficients of the loop filter 1201. 
0290 Referring now to FIG. 24, a timing recovery accel 
erator enhances the speed at which the binary preamble is 
acquired by assuring that the samples taken by the sampling 
circuit are taken at a time which assures reliable detection of 
the amplitude of the binary signal of the preamble. 
0291. According to contemporary practice, a single clock 
signal 1300 (waveform A) is used to clock the sample circuit 
Such that the sample circuit samples the binary preamble on 
the rising edge 1301 of the clock signal 1300, for example. 
However, in those instances when the rising edge 1301 occurs 
near the Zero or transition point 1310 of the binary pattern 
1111 preamble 1109, then the amplitude of the binary pattern 
1111 may not provide high enough phase detector gain to 
facilitate reliable amplitude detection thereof. 
0292 According to contemporary practice, when this 
occurs the clock for the sample circuit is shifted in phase until 
reliable detection of the amplitude of the binary preamble 
occurs. However, as those skilled in the art will appreciate, 
such shifting of the phase of the clock for the sample circuit is 
undesirably time consuming and thus, undesirably increases 
the acquisition time of the binary preamble. 
0293. The present invention uses two offset symbol sam 
pling clocks 1302a and 1302b (waveform B). Both of the 
offset symbol sampling clocks 1302a and 1302b effect sam 
pling by the sample circuit on the rising edges 1303a and 
1303b, thereof respectively. The two offset symbol sampling 
clocks 1302a and 1302b are out-of-phase with one another, 
such as by 180 degrees. Therefore, at least one of the two 
offset symbol sampling clocks 1302a and 1302b must have a 
rising edge 1303a, 1303b which occurs when the amplitude 
of the binary preamble 1111 is near its maximum and can 
therefore be reliably detected. 
0294. According to the present invention, that offset sym 
bol sampling clock which provides samples having the high 
estabsolute value (to account for the negative Voltage peaks) 
at the beginning of each burst (FIG. 24) is selected to provide 
a clock for the sample circuit. As those skilled in the art will 
appreciate, by utilizing two offset symbol sampling clocks 
and selecting that offset symbol sampling clock which pro 
vides the highest absolute value, the need to vary the phase of 














































