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1 Scope

1.1 Introduction and Purpose

The present document is part of a series that defines the third generation of high-speed data-over-cable systems. This
series was devel oped for the benefit of the cable industry and includes contributions by operators and vendors from
North America, Europe and other regions.

There are differences in the cable spectrum planning practices adopted for different networks in the world. Therefore,
two options for physical layer technology are included, which have equal priority and are not required to be
interoperable. One technology option is based on the downstream multi-program television distribution that is deployed
in North America using 6 MHz channelling. The other technology option is based on the corresponding European
multi-program television distribution. Both options have the same status, notwithstanding that the document structure
does not reflect this equal priority. Thefirst of these optionsis defined in clauses 4 and 6, whereas the second is defined
by replacing the content of those clauses with the content of annex B. Correspondingly, [17] and [1] apply only to the
first option and [3] only to the second. Compliance with the present document requires compliance with the one or the
other of these implementations, not with both. It is not required that equipment built to one option shall interoperate
with equipment built to the other.

These optional physical-layer technologies allow operators flexibility in mandated areas of operation, including any
frequency planning, EMC (electromagnetic compatibility) and safety requirements. For example, the 6 MHz
downstream based option defined in clauses 5 and 6 might be deployable within an 8 MHz channel plan. Compliance
with frequency planning and EMC requirementsis not covered by this specification and remains the operators
responsibility. In this respect, [13] and [14] are relevant to North Americaand [i.1], [5], [7], [8], [6], [9], [10] and [11]
are relevant to the European Union.

Backwards compatibility with earlier versions of that technology [12] is only ensured within the same technology
options referred to above and not between the two options.

1.2 Requirements

Throughout the present document, the words that are used to define the significance of particular requirements are
capitalized. These words are:

"MUST" This word means that the item is an absolute requirement of this specification.
"MUST NOT" This phrase means that the item is an absolute prohibition of this specification.
"SHOULD" This word means that there may exist valid reasons in particular circumstances to

ignore this item, but the full implications should be understood and the case carefully
weighed before choosing a different course.

"SHOULD NOT" This phrase means that there may exist valid reasons in particular circumstances
when the listed behaviour is acceptable or even useful, but the full implications should
be understood and the case carefully weighed before implementing any behaviour
described with this label.

"MAY" This word means that this item is truly optional. One vendor may choose to include the
item because a particular marketplace requires it or because it enhances the product,
for example; another vendor may omit the same item.

The present document defines many features and parameters and a valid range for each parameter is usually specified.
Equipment (CM and CMTYS) regquirements are always explicitly stated. Equipment must comply with all mandatory
(MUST and MUST NOT) requirements to be considered compliant with this specification. Support of non-mandatory
features and parameter valuesis optional .

1.3 Conventions

In this specification the following convention applies any time a bit field is displayed in afigure. The bit field should be
interpreted by reading the figure from left to right, then, top to bottom, with the MSB being the first bit read and the
L SB being the last bit read.
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2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references
The following referenced documents are necessary for the application of the present document.
[1] CEA-542-C (February 2009): "Cable Television Channel Identification Plan”.
[2] Cable Television Laboratories, Inc., CM-SP-DTI-105-081209 (December 2008): "Data-Over-

Cable Service Interface Specifications - Modular Headend Architecture - DOCSIS Timing
Interface Specification".

[3] ETSI EN 300429 (V1.2.1): "Digital Video Broadcasting (DVB); Framing structure, channel
coding and modulation for cable systems".

[4] ETSI EN 302 878-3 (V1.1.1): "Access, Terminals, Transmission and Multiplexing (ATTM); Third
Generation Transmission Systems for Interactive Cable Television Services - |P Cable Modems;
Part 3: Downstream Radio Frequency Interface; DOCSIS 3.0".

[5] CENELEC EN 60728-11 (2005): "Cable networks for television signals, sound signals and
interactive services -- Part 11: Safety”.

[6] CENELEC EN 50083-10 (2002): "Cable networks for television signals, sound signals and
interactive services -- Part 10: System performance for return paths’.

[7] CENELEC EN 50083-2 (2006): "Cable networks for television signals, sound signals and
interactive services -- Part 2: Electromagnetic compatibility for equipment".

[8] CENELEC EN 50083-7 (1996): "Cable networks for television signal's, sound signals and
interactive services -- Part 7. System performance”.

[9] CENELEC EN 60950-1 (2006): "Information technology equipment - Safety -- Part 1. General
requirements”.

[10] CENELEC EN 61000-6-4 (2007): "Electromagnetic compatibility (EMC) -- Part 6-4: Generic

standards - Emission standard for industrial environments".

[11] CENELEC EN 61000-6-3 (2007): "Electromagnetic compatibility (EMC) -- Part 6-3: Generic
standards - Emission standard for residential, commercia and light-industrial environments'.

[12] ETSI ES202 488-2 (V1.1.1): "Access and Terminals (AT); Second Generation Transmission
Systems for Interactive Cable Television Services - |P Cable Modems; Part 2: Radio frequency
interface specification”.

[13] Code of Federal Regulations, Title 47: "Telecommunication, Part 15: Radio Frequency Devices'.

[14] Code of Federal Regulations, Title 47: "Telecommunication, Part 76: Multichannel Video and
Cable Television Service'".

[15] ISO/IEC 13818-1 (2007): "Information technology -- Generic coding of moving pictures and

associated audio information: Systems'.
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[16]

[17]

[18]

[19]

[20]
[21]
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ISO/IEC 61169-24 (2009): "Radio-frequency connectors - Part 24: Sectional specification - Radio
frequency coaxial connectorswith screw coupling, typically for usein 75 ohm cable networks

(type F)".

ITU-T Recommendation J.83 (April 1997 - Annex B): "Digital multi-programme systems for
television, sound and data services for cable distribution”.

ETSI EN 302 878-4 (V1.1.0): "Access, Terminals, Transmission and Multiplexing (ATTM); Third
Generation Transmission Systems for Interactive Cable Television Services - |P Cable Modems;
Part 4: MAC and Upper Layer Protocols; DOCSIS 3.0".

Cable Television Laboratories, Inc., CM-SP-OSSIv3.0-113-101008 (August 2010): "Data-Over-
Cable Service Interface Specifications - DOCSIS 3.0 - Operations Support System Interface
Specification”.

ANSI/SCTE 02 (2006): " Specification for "F" Port, Female Indoor".

Cable Television Laboratories, Inc., CM-SP-TEI-106-100611 (June 2010): "Data-Over-Cable
Service Interface Specifications - Business Services over DOCSIS - TDM Emulation Interface
Specification".

Informative references

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1]

[i.2]

NOTE:

[i.3]

[i.4]

[i.5]
[.6]

ETSI EG 201 212 (V1.2.1): "Electrical safety; Classification of interfaces for equipment to be
connected to tel ecommunication networks'.

Cable Television Laboratories, Inc. (November 1994): "Digital Transmission Characterization of
Cable Television Systems”.

Available at http://www.cabl el abs.com/downloads/digital transmission.pdf.

NCTA Recommended Practices for measurements on Cable Television Systems - National Cable
Television Association, Washington DC, 2nd Edition, revised October 1993.

ETSI EN 302 878-1: "Access, Terminals, Transmission and Multiplexing (ATTM); Third
Generation Transmission Systems for Interactive Cable Television Services - IP Cable Modems;
Part 1: General; DOCSIS 3.0".

IETF RFC 791: "Internet Protocol".

IETF RFC 2460: "Internet Protocol, Version 6 (IPv6) Specification”.

3

3.1

Definitions and abbreviations

Definitions

For the purposes of the present document, the following terms and definitions apply:

active codes: set of spreading codes which carry information in an S-<CDMA upstream. The complementary set, the
unused codes, are idle and are not transmitted. Reducing the number of active codes below the maximum value of 128
may provide advantages including more robust operation in the presence of coloured noise.

allocation: group of contiguous mini-slotsin a MAP which constitutes a single transmit opportunity

availability: in cable television systems, availability isthe long-term ratio of the actual RF channel operation time to
scheduled RF channel operation time (expressed as a percent value) and is based on a Bit Error Rate (BER) assumption
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Bandwidth Allocation Map (MAP): MAC Management M essage that the CM TS uses to allocate transmission
opportunities to cable modems (MAP)

Bit Error Rate (BER): percentage of bitsthat have errors relative to the total number of bits received in a transmission,
usually expressed as ten to a negative power

burst: single continuous RF signal from the upstream transmitter, from transmitter on to transmitter off

Cable M odem (CM): modulator-demodulator at subscriber locations intended for use in conveying data
communications on a cable television system

Cable M odem Termination System (CMTS): Cable modem termination system, located at the cable television system
head-end or distribution hub, which provides complementary functionality to the cable modems to enable data
connectivity to a wide-area network

Capture Bandwidth (CBW): sum of the Tuning Bandsinthe TB Listin MHz

carrier hum modulation: peak-to-peak magnitude of the amplitude distortion relative to the RF carrier signal level due
to the fundamental and low-order harmonics of the power-supply frequency

Carrier-to-Noise Ratio (C/N) (CNR): ratio of signal power to noise power in the defined measurement bandwidth. For
digital modulation, CNR = Es/No, the energy-per-symbol to noise-density ratio; the signal power is measured in the
occupied bandwidth and the noise power is normalized to the modulation-rate bandwidth. For video, the measurement
bandwidth is4 MHz (C/N).

channel: See RF Channel.

channel bonding: logical process that combines the data packets received on multiple independent channels into one
higher-speed data stream. Channel bonding can be implemented independently on upstream channels or downstream
channels.

chip: each of the 128 bits comprising the SS-CDMA spreading codes

chip rate: rate at which individual chips of the SSCDMA spreading codes are transmitted (1 280 kHz to 5 120 kHz),
Es/No

codeword: element of an error-correcting code used to detect and correct transmission errors

codeword error rate: ratio of the number of uncorrectable code words to the total number of code words sent without
errors, with corrected errors and with uncorrectable errors

Composite Second Order beat (CSO): peak of the average level of distortion products due to second order
nonlinearities in cable system equipment

Composite Triple Beat (CTB): peak of the average level of distortion components due to third-order nonlinearitiesin
cable system equipment

cross-modulation: form of television signal distortion where modulation from one or more television channelsis
imposed on another channel or channels

Customer Premises Equipment (CPE): equipment at the end user's premises; may be provided by the end user or the
service provider

Decibel-Millivolt (dBmV): dB measurement system wherein 0 dBmV is defined as 1 millivolt over 75 Q

Decibels (dB): unit to measure the relative levels of current, voltage or power. Anincrease of 3 dB indicates a doubling
of power, an increase of 10 dB indicates a 10x increase in power and an increase of 20 dB indicates a 100x increase in
power.

demodulator module: physical entity inthe CM that demodulates a block of one or more contiguous channels of a
single bandwidth (6 MHz or 8 MHz) within the output from a single tuner

distribution hub: location in a cable television network which performs the functions of a head-end for customersin its
immediate area and which receives some or al of its television program material from a Master Head-end in the same
metropolitan or regiona area
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DOCSIS 1.x: abbreviation for "DOCSIS 1.0 or 1.1". DOCSIS stands for Data-Over-Cable Service Interface
Specifications

DOCSIS2.0 Mode: CM operatesin this mode when: 1) Multiple Transmit Channel (MTC) Mode is disabled; 2) the
Enable 2.0 Mode configuration setting in the REG-RSP is set to 1 (Enable) explicitly or by default; and 3) it operates on
at least one upstream channel using the burst descriptors associated with I[UC 9, 10 and 11 as opposed to IUC 5 and 6. A
CM is enabled for DOCSIS 2.0 Mode when the Enable 2.0 Mode configuration setting in the REG-RSPis set to 1
(Enable). A CM may be enabled for DOCSIS 2.0 Mode but may not be operating in DOCSIS 2.0 Mode. When a CM
has MTC Mode enabled, the CM is not considered to be in DOCSIS 2.0 Mode even if some of the upstream channelsit
isusing are operating with post-1.1 DOCSI S physical layer mechanisms. Therefore, "DOCSIS 2.0 Mode" does not have
relevance for aCM operating in MTC Mode.

downstream: in cable television, the direction of transmission from the head-end to the subscriber

downstream channel: physical layer characteristics and MAC layer parameters and functions associated to a DOCSIS
forward channel

Dynamic Host Configuration Protocol (DHCP): Internet protocol used for assigning network-layer (1P) addresses

dynamic range: ratio between the greatest signal power that can be transmitted over a multichannel analog
transmission system without exceeding distortion or other performance limits and the least signal power that can be
utilized without exceeding noise, error rate or other performance limits

Dynamic Range Window (DRW): 12 dB range defining the maximum power difference between multiple transmitters
inaCM in Multiple Transmit Channel mode

Electronic Industries Alliance (EI A): voluntary body of manufacturers which, among other activities, prepares and
publishes standards

extended upstream frequency range: optional upstream frequency range over which a CM may be capable of
transmitting. In the technology option that uses 6 MHz downstream channelization, thisis5 MHz to 85 MHz. In the
technology option that uses 8 MHz downstream channelization, no Extended Upstream Frequency Range is defined.

F Connector (F conn): male F-connector is the final piece of hardware (familiar to subscribers) on adrop cable. It is
cylindrical with a centre pin sticking out that plugs into the female F-connector on a set-top box, cable ready TV or
VCR.

floor: mathematical function that returns the highest-valued integer that isless than or equal to agiven vaue
forward channel: direction of RF signal flow away from the head-end toward the end user; equivalent to downstream

Forward Error Correction (FEC): FEC enables the receiver to detect and fix errors to packets without the need for
the transmitter to retransmit packets

frame: See MAC frame, SSCDMA frame and MPEG frame.

Frequency Division M ultiple Access (FDM A): multiple access technology that separates users by putting each traffic
channel on a discrete frequency band

group delay: difference in transmission time between the highest and lowest of several frequencies through a device,
circuit or system

guard band: minimum time, measured in modulation symbols, allocated between bursts in the upstream referenced
from the symbol centre of the last symbol of a burst to the symbol centre of the first symbol of the following burst. The
guard band should be at least the duration of five symbols plus the maximum system timing error. The guard band
should be at least the duration of five symbols plus the maximum system timing error.

guard time: measured in modulation symbols, is similar to the guard band, except that it is measured from the end of
the last symbol of one burst to the beginning of the first symbol of the preamble of an immediately following burst.
Thus, the guard time is equal to the guard band - 1.

Harmonic Related Carrier (HRC): method of spacing television channels on a cable television system in exact
6 MHz increments, with all carrier frequencies harmonically related to a common reference

head-end: central location on the cable network that is responsible for injecting broadcast video and other signalsin the
downstream direction (see also Master Head-End, Distribution Hub)
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header: protocol control information located at the beginning of a protocol data unit
Hertz (HZ): unit of frequency equivalent to one cycle per second (see also kilohertz (kHz) and megahertz (MHZ))

hum modulation: undesired modulation of the television visua carrier by the fundamental or low-order harmonics of
the power supply frequency or other low-frequency disturbances

Hybrid Fibre/Coaxial System (HFC): broadband bidirectional shared-media transmission system using fibre trunks
between the head-end and the fibre nodes and coaxial distribution from the fibre nodes to the customer locations

impulse noise: noise characterized by non-overlapping transient disturbances

Incremental Related Carriers (IRC): method of spacing NTSC television channels on a cable television systemin
which all channels except 5 and 6 correspond to the standard channel plan, used to reduce composite triple beat
distortions

information element: fields that make up a MAP and define individual grants, deferred grants, etc.
International Electrotechnical Commission (IEC): international standards body

International Organization for Standardization (1SO): international standards body, commonly known as the
International Standards Organization

Internet Engineering Task Force (IETF): body responsible, among other things, for developing standards used in the
Internet

Internet Protocol (1P): computer network protocol (analogous to written and verbal languages) that all machines on
the Internet must know so that they can communicate with one another. IP isalayer 3 (network layer) protocol in the
OSl model. The vast mgjority of |P devicestoday support | P version 4 (1Pv4) defined in RFC 791 [i.5], although
support for IP version 6 (IPv6, RFC 2460 [i.6]) isincreasing.

internet protocol detail record service: record formatter and exporter functions of the CM TS that creates the data
record compliant to the IPDR/BSR based on the DOCSI S schemas

Interval Usage Code (IUC): fieldin MAPs and UCDsto link burst profiles to grants

Jitter: fluctuation in the arrival time of aregularly scheduled event such as a clock edge or a packet in a stream of
packets. Jitter is defined as fluctuations above 10 Hz

latency: time taken for asignal element to pass through a device
layer: subdivision of the Open System Interconnection (OSl) architecture, constituted by subsystems of the same rank

Local Area Network (LAN): non-public data network in which serial transmission is used for direct data
communi cation among data stations located on the user's premises

Logical (Upstream) Channel: MAC entity identified by a unique channel ID and for which bandwidth is allocated by
an associated MAP message. A physical upstream channel may support multiple logical upstream channels. The
associated UCD and MAP messages completely describe the logical channel.

MAC Frame: MAC header plus optional protocol data unit

Maximum Downstream Bonded Channels (M DBC): maximum number of downstream bonded channels supported
by the cable modem (see Channel Bonding)

Media Access Control (MAC): MAC sublayer isthe part of the datalink layer that supports topol ogy-dependent
functions and uses the services of the Physical Layer to provide servicesto the Logical Link Control (LLC) sublayer. It
can also be a component of a networking software stack. In the OSI 7-layer model, the Media Access Control is a part
of layer 2, the datalink layer.

M egahertz (MHZz): one million cycles per second

micro-r eflections: echoes in the forward or reverse transmission path due to impedance mismatches between the
physical plant components. Micro-reflections are distinguished from discrete echoes by having atime difference
(between the main signal and the echo) on the order of one microsecond. Micro-reflections cause departures from ideal
amplitude and phase characteristics for the transmission channel.
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Microsecond (us): one millionth of a second

Microvolt (uV): one millionth of avolt

Millisecond (ms): one thousandth of a second

Millivolt (mV): one thousandth of avolt

Mini-slot: mini-slot is an integer multiple of 6,25 ps increments

Modulation Error Ratio (MER): MER measures the cluster variance in dB caused by the transmit waveform. It
includes the effects of 1S, spurious, phase noise and all other transmitter degradations.

M odulation Rate: signalling rate of the upstream modulator (1 280 kHz to 5120 kHz). In SS<CDMA it isthe chip rate.
In TDMA, it isthe channel symbol rate.

Nanosecond: one millionth of a second

National Cable Telecommunications Association (NCTA): voluntary association of cable television operators which,
among other things, provides guidance on measurements and objectives for cable television systemsin the USA

National Television Systems Committee (NT SC): committee which defined the analog colour television broadcast
standard used today in North America

Number of Allocated Codes:. total number of codes which asingle CM usesin asingle SSCDMA frame. This number
is determined by the size of the grantsin mini-slots and the mapping of these mini-slotsto SSCDMA frames (note that a
CM may receive multiple grants which are mapped to asingle SSCDMA frame). The number of allocated codes can be
in the range of the number of Codes per Mini-got to the number of active codes and may vary from frame to frame, but
is constant within an SSCDMA frame.

phase noise: rapid, short-term, random fluctuations in the phase of awave, caused by time domain instabilities

physical layer: layer 1in the Open System Interconnection (OSl) architecture; the layer that provides servicesto
transmit bits or groups of bits over a transmission link between open systems and which entails el ectrical, mechanical
and handshaking procedures (PHY)

Physical M edia Dependent Sublayer (PM D): sublayer of the Physical Layer which is concerned with transmitting bits
or groups of bits over particular types of transmission link between open systems and which entails electrical,
mechanical and handshaking procedures (PMD).

Picosecond (ps): one trillionth of a second
Primary Channel: See Primary Downstream Channel.

primary downstream channel: downstream channel from which a CM derives CMTS master clock timing for
upstream transmission. All other concurrently received channels are called "secondary downstream channels'.

protocol: set of rules and formats that determines the communication behaviour of layer entities in the performance of
the layer functions

Quadrature Amplitude M odulation (QAM): method of modulating digital signals onto a radio-frequency carrier
signal involving both amplitude and phase coding

Quadrature Phase Shift Keying (QPSK): method of modulating digital signals onto a radio-frequency carrier signal
using four phase states to code two digital bits

Radio Frequency (RF): in cable television systems, electromagnetic signalsin therange 5 MHz to 1 000 MHz (RF)

Radio Frequency Channel (RFC): frequency spectrum occupied by a signal. Usually specified by centre frequency
and bandwidth parameters.

return loss: parameter describing the attenuation of a guided wave signal (e.g. viaacoaxia cable) returned to a source
by a device or medium resulting from reflections of the signal generated by the source

rever se channel: direction of signal flow towards the head-end, away from the subscriber; equivalent to Upstream
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Root M ean Square (RM S): mathematical method of computing an "average" magnitude of n elements by taking the
square root of the mean of the elements squared

S-CDMA Frame: two dimensional representation of mini-slots, where the dimensions are codes and time. An
S-CDMA frameis composed of p active codes in the code dimension and K spreading intervals in the time dimension.
Within the SSCDMA frame, the number of mini-slots is determined by the number of codes per mini-dot (c) and p, the
number of active codesin the SSCDMA frame. Each S-CDMA frame thus contains s mini-dots, where s=p/c and each
mini-slot contains c*K information (QAM) symbols.

S-CDMA Subframe: subframeis a vertically-smaller subset of an SSCDMA frame over which interleaving is
performed, where the vertical dimension is R' codes, where R' < p (the number of active codes). A subframeis generally
used to constrain the interleaving region to be of a similar size to the Reed-Solomon codeword in order to provide
protection from impulse noise.

Selectable Active Codes (SAC): methodology to determine the set of active codes and its complement, the set of
unused codes. In SAC mode 1, a consecutive set of codes starting with code 0 are unused. In SAC mode 2, the active
codes are selectable via a 128-hit string.

Service ldentifier (SID): Service Flow Identifier assigned by the CMTS (in addition to a Service Flow Identifier) to an
Active or Admitted Upstream Service Flow ([14 bits] (SID))

spread symbol: at the output of the spreader, a group of 128 chips which comprises asingle SSCDMA spreading code
and isthe result of spreading a single information (QAM constellation) symbol, whichisreferred to asa " spread
symbol”.

Spreader-Off SSCDM A Burst: transmission from a single CM in a spreader-off frame on an SSCDMA channel
defined by the time in which the cable modem'’s transmitter turns on to the time it turns off. There will generally be
several spreader off bursts in a spreader-off frame.

Spreader-Off SCDMA Frame: TDMA mini-slots on an SSCDMA channel in which the spreader is turned off. These
are differentiated from TDMA bursts on a TDMA channel in that, for example, the number of mini-dlots per spreader-
off SCDMA burst frame is constrained to be the same as the number of mini-slotsin a spreader-on SSCDMA frame ().
This number of mini-slots will be less than the number of TDMA mini-dotsin a TDMA channel over the same time
interval if the number of active codesis significantly lessthan 128.

spreading codes: family of orthogonal digital code words used in SS<CDMA direct-sequence spread-spectrum
modulation

spreading interval: period of a spread symbol (128 chips) is called a"spreading interval™

standard upstream frequency range: required upstream frequency range over which a CM isto be capable of
transmitting. In the technology option that uses 6 MHz downstream channelization, thisis 5 MHz to 42 MHz. In the
technology option that uses 8 MHz downstream channelization, thisis 5 MHz to 65 MHz.

sublayer: subdivision of alayer in the Open System Interconnection (OSI) reference model
subscriber: See End User.

Synchronous-Code Division M ultiple Access (SSCDMA): multiple access physical layer technology in which
different transmitters can share a channel simultaneously. The individual transmissions are kept distinct by assigning
each transmission an orthogonal "code". Orthogonality is maintained by all transmitters being precisely synchronized
with one another.

tick: 6,25 pstimeintervalsthat are the reference for upstream mini-slot definition and upstream transmission times

Time Division Multiple Access (TDM A): digital technology that enables alarge number of usersto access, in
sequence, a single radio frequency channel without interference by allocating unique time sots to each user within each
channel

transit delay: time difference between the instant at which the first bit of aPDU crosses one designated boundary and
the instant at which the last bit of the same PDU crosses a second designated boundary

tuner module: physical entity in the CM that converts a block of one or more contiguous channels of asingle
bandwidth (6 MHz or 8 MHZz) from the RF input from the cable plant to an intermediate frequency suitable for
distribution to a Demodulator Module
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Tuning Band (TB): defines a single continuous frequency interval, in MHz, located anywhere in the downstream band
(108 MHz to 870 MHz, with a CM option of tuning downstream 108 MHz to 1 002 MHz)

Tuning Band List (TB List): list of one or more Tuning Bands supported by the CM that defines the cable modem
tuning capabilities

Type/Length/Value (TLV): encoding of three fields, in which the first field indicates the type of element, the second
the length of the element and the third field the value of the element

upstream: direction from the subscriber |ocation toward the head-end

upstream channel: physical layer characteristics and MAC layer parameters and functions associated to aDOCSIS
reverse channel

Upstream Channel Descriptor (UCD): MAC Management Message used to communicate the characteristics of the
upstream physical layer to the cable modems

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ANSI American National Standards Institute

AWGN Additive White Gaussian Noise

BER Bit Error Rate

CBW Capture Bandwidth

CENELEC European Committee for Electrotechnical Standardization
CM Cable Modem

CMTS Cable Modem Termination System

CNR Carrier-to-Noise Ratio

CIN Carrier-to-Noise Ratio

CPE Customer Premises Equipment

CRC Cyclic Redundancy Check

CsO Composite Second Order beat

CTB Composite Triple Beat

cw Continuous Wave

dB Decibel

DBC-REQ Dynamic Bonding Change Request MAC Message
dBc Decibelsrelative to carrier power

DHCP Dynamic Host Configuration Protocol

DOCSIS Data-Over-Cable Service Interface Specifications
DOCSIS 1.x Data-Over-Cable Service Interface Specifications version 1.0 or 1.1
DRW Dynamic Range Window

DS Downstream

DTI DOCSIS Timing Interface

EC Errors Corrected

EIA Electronic Industries Association

ETS European Telecommunications Standards I nstitute
EU Errors Uncorrectable

FCC Federal Communications Commission

FDMA Freguency Division Multiple Access

FEC Forward Error Correction

FC Frame Control

FM Frequency Modulation

GF GaloisField

HFC Hybrid Fibre-Coaxia

HRC Harmonic Related Carrier

I In-phase modulation component

IE Information Element

IEC International Electrotechnical Commission

IETF Internet Engineering Task Force

IP Internet Protocol

IPDR Internet Protocol Detail Record
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IPv4 Internet Protocol version 4

IPv6 Internet Protocol version 6

IRC Incremental Related Carrier(s)

ISO International Standards Organization
ITU International Telecommunications Union
ITU-T Telecommunication Standardization Sector of the International Telecommunication Union
lucC Interval Usage Code

LAN Local Area Network

LFSR Linear Feedback Shift Register

LLC Logical Link Control

LSB Least Significant Bit

MAC Media Access Control

MDBC Maximum Downstream Bonded Channels
MDD MAC Domain Descriptor

MER Modulation Error Ratio

MIB Management Information Base

MPEG Moving Picture Experts Group

MSB Most Significant Bit

MSC Maximum Scheduled Codes

MTC Multiple Transmit Channel

NA Number of active codes

NCTA National Cable & Telecommunications Association
ns Nanosecond

NTSC National Television Systems Committee
oSl Open Systems Interconnection

PAL Phase Alternating Line

PAR Peak to Average Ratio

PDU Protocol Data Unit

PHY Physical Layer

PMD Physical Media Dependent sublayer

PRS Primary Reference Source

Q Quadrature modulation component

QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shift Keying

RCC Receive Channel Configuration

RCP Receive Channel Profile

REG-REQ Registration Request MAC Message

RF Radio Frequency

RFC Request For Comments

RM Receive Module

RMS Root Mean Square

RNG-RSP Ranging Response MAC Message

RS Symbol rate

SAC Selectable Active Codes

S-CDMA Synchronous Code Division Multiple Access
SCTE Society of Cable Telecommunications Engineers
SECAM Séquentiel couleur a mémoire (Sequential color with memory)
SID Service Identifier

SNMP Simple Network Management Protocol
STD Standard Channel Plan

B Tuning Band

TCS Transmit Channel Set

TDM Time Division Multiplexing

TDMA Time Division Multiple Access

TEI TDM Emulation Interface

TLV Type/Length/Value

TV Television

TCM Trellis Code Modulation

ucCD Upstream Channel Descriptor

UGS Unsolicited Grant Service

XOR Exclusive Or
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4 Void

5 Functional Assumptions

This clause describes the characteristics of a cable television plant, assumed to be for the purpose of operating a data-
over-cable system. It is not a description of CMTS or CM parameters. The data-over-cable system MUST be
interoperable within the environment described in this clause.

Whenever areference in this clause to frequency plans, or compatibility with other services, conflicts with any legal
requirement for the area of operation, the latter shall take precedence. Any reference to NTSC analog signalsin 6 MHz
channels does not imply that such signals are physically present.

5.1 Equipment Assumptions

51.1 Frequency Plan

In the downstream direction, the cable system is assumed to have a pass band with a lower edge of either 54 MHz or
108 MHz and an upper edge that is implementation-dependent but is typically in the range of 300 MHz to 1 002 MHz.
Within that pass band, NTSC analog television signalsin 6 MHz channels are assumed present on the standard, HRC or
IRC frequency plans of [1], as well as other narrowband and wideband digital signals.

In the upstream direction, the cable system may have a 5-30 MHz, 5-42 MHz or 5-85 MHz pass band. NTSC analog
television signalsin 6 MHz channels may be present, as well as other signals.

5.1.2 Compatibility with Other Services

The CM and CMTS MUST coexist with any services on the cable network.

In particular:

. CM and CMTS MUST be interoperable in the cable spectrum assigned for CMTS and CM interoperation
while the balance of the cable spectrum is occupied by any combination of television and other signals; and

. CM and CMTS MUST NOT cause harmful interference to any other services that are assigned to the cable
network in spectrum outside of that allocated to the CMTS.

Harmful interference is understood as:
. no measurable degradation (highest level of compatibility);

. no degradation below the perceptible level of impairments for all services (standard or medium level of
compatibility); or

. no degradation below the minimal standards accepted by the industry (for example, FCC for analog video
services) or other service provider (minimal level of compatibility).
5.1.3 Fault Isolation Impact on Other Users

As CMTS transmissions are on a shared-media, point-to-multipoint system, fault-isolation procedures should take into
account the potential harmful impact of faults and fault-isolation procedures on numerous users of the data-over-cable,
video and other services.

For the interpretation of harmful impact, see clause 5.1.2.

ETSI



21 Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

5.1.4

The CM MUST meet and preferably exceed all applicable regulations for Cable System Termination Devices and Cable
Ready Consumer Equipment as defined in FCC Part 15 [13] and Part 76 [14]. None of these specific requirements may
be used to relax any of the specifications contained el sewhere within the present document.

Cable System Terminal Devices

5.2

The data-over-cable system, configured with at least one set of defined physical-layer parameters (e.g. modulation,
interleaver depth, etc.) from the range of configurable settings described in this specification, MUST be interoperable
on cable networks having characteristics defined in this clause. Thisisaccomplished in such a manner that the forward
error correction provides for equivalent operation in a cable system both with and without the impaired channel
characteristics, described below.

RF Channel Assumptions

5.2.1

The RF channel transmission characteristics of the cable network in the downstream direction are described in table 5-1.
These numbers assume total average power of adigital signal in a6 MHz channel bandwidth for carrier levels unless
indicated otherwise. For impairment levels, the numbersin table 5-1 assume average power in a bandwidth in which the
impairment levels are measured in a standard manner for a cable TV system. For analog signal levels, the numbersin
table 5-1 assume peak envelope power in a6 MHz channel bandwidth. All conditions are present concurrently. No
combination of the following parameters will exceed any stated interface limit defined el sewhere in this specification.

Transmission Downstream

Table 5-1: Assumed Downstream RF Channel Transmission Characteristics

Value
Cable system normal downstream operating range
is from 50 MHz to 1 002 MHz. However, the values
in this table apply only at frequencies = 108 MHz
(including Pre-3.0 DOCSIS modes).

Parameter

Frequency range

RF channel spacing (design bandwidth)

6 MHz

Transit delay from head-end to most distant customer

< 0,800 ms (typically much less)

Carrier-to-noise ratio in a 6 MHz band

Not less than 35 dBL 2

Carrier-to-Composite triple beat distortion ratio

Not less than 41 dBL 2

Carrier-to-Composite second order distortion ratio

Not less than 41 dBL 2

Carrier-to-Cross-modulation ratio

Not less than 41 dBL: 2

Carrier-to-any other discrete interference (ingress)

Not less than 41 dBL: 2

Amplitude ripple

3 dB within the design bandwidth?

Group delay ripple in the spectrum occupied by the CMTS

75 ns within the design bandwidth?!

Micro-reflections bound for dominant echo

-10dBc @ 0,5 ps
-15dBc @ < 1,0 us
-20dBc @ < 1,5 ps
-30 dBc @ > 1,5 pst

Carrier hum modulation

Not greater than -26 dBc (5 %)?

Burst noise

Not longer than 25 us at a 10 Hz average ratel

Maximum analog video carrier level at the CM input

17 dBmV

Maximum number of analog carriers

121

NOTE 1. Measurement methods defined in [i.2] or [i.3].

NOTE 2: Measured relative to a QAM signal that is equal to the nominal video level in the plant.

5.2.2

The RF channel transmission characteristics of the cable network in the upstream direction are described in table 5-2.
No combination of the following parameters will exceed any stated interface limit defined elsewhere in this
specification. Transmission is from the CM output at the customer location to the head-end.

Transmission Upstream
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Table 5-2: Assumed Upstream RF Channel Transmission Characteristics

Parameter

Value

Frequency range

5 MHz to 42 MHz edge to edge; or
5 MHz to 85 MHz edge to edge

Transit delay from head-end to most distant customer

< 0,800 ms (typically much less)

Carrier-to-interference plus ingress (the sum of noise,
distortion, common-path distortion and cross modulation
and the sum of discrete and broadband ingress signals,
impulse noise excluded) ratio

Not less than 25 dB?

Carrier hum modulation

Not greater than -23 dBc (7,0 %)

range

Burst noise Not longer than 10 ps at a 1 KHz average rate for
most cases? 3

Amplitude ripple across upstream operating frequency |0,5 dB/MHz

range

Group delay ripple across upstream operating frequency |200 ns/MHz

Micro-reflections - single echo

-10dBc @ < 0,5 us
-20dBc @ < 1,0 ys
-30dBc @ > 1,0 us

Seasonal and diurnal reverse gain (loss) variation

Not greater than 14 dB min to max

NOTE 1:

the digital carrier channels.

Ingress avoidance or tolerance techniques may be used to ensure operation in the presence of time-
varying discrete ingress signals that could be as high as 10 dBc. The ratios are guaranteed only within

NOTE 2: Amplitude and frequency characteristics sufficiently strong to partially or wholly mask the data carrier.
NOTE 3: Impulse noise levels more prevalent at lower frequencies (< 15 MHz).
5.2.2.1 Availability

Typical cable network availability is considerably greater than 99 %.

5.3 Transmission Levels

The nominal power level of the upstream CM signal(s) will be aslow as possible to achieve the required margin above
noise and interference. Uniform power loading per unit bandwidth is commonly followed in setting upstream signal
levels, with specific levels established by the cable network operator to achieve the required carrier-to-noise and

carrier-to-interference ratios.

5.4 Frequency Inversion

There will be no frequency inversion in the transmission path in either the downstream or the upstream directions,
i.e. apositive change in frequency at the input to the cable network will result in a positive change in frequency at the

output.
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6 Physical Media Dependent Sublayer Specification

6.1 Scope

This clause appliesto the first technology option referred to in clause 1.1. For the second option, refer to annex B.

This specification defines the electrical characteristics and signal processing operations for a cable modem (CM) and
Cable Modem Termination System (CMTS). It isthe intent of the present document to define an interoperable CM and
CMTS such that any implementation of a CM can work with any CMTS. It is not the intent of this specification to
imply any specific implementation.

6.2 Upstream

6.2.1 Overview

The upstream Physical Media Dependent (PMD) sublayer usesan FDMA/TDMA (herein called TDMA mode) or
FDMA/TDMA/S-CDMA (herein called SS<CDMA mode) burst type format, which provides six modulation rates and
multiple modulation formats. The use of TDMA or S-CDMA mode is configured by the CMTS via MAC messaging.

FDMA (frequency division multiple access) indicates that multiple RF channels are assigned in the upstream band. A
CM transmits on one or more RF channels and may be reconfigured to change channels.

A CM MUST support at least four active upstream channels (which are referred to as the Transmit Channel Set for that
CM).

The CM reports its maximum number of upstream channels capability and certain other of its capability characteristics,
to the CMTS (clause 6.2.25).

The CM MUST be able to operate each channel in the Transmit Channel Set, simultaneously, anywhere in the upstream
band, subject to restrictions on transmit power across the channels and on reconfiguration of certain transmit properties
(see clauses 6.2.19 and 6.2.20 and subclauses of each). The CMTS MUST be capabl e of assigning and receiving each
RF channel anywhere in the upstream band. The CMTS MUST set the number of assigned channels and assigned
channels' centre frequency and al other channel attributes. The CMTS MAY change the number of assigned channels
and the channel attributes. Each RF channel hasits own set of UCD parameters as defined in [18].

TDMA (time division multiple access) indicates that upstream transmissions have a burst nature. A given RF channel is
shared by multiple CMs via the dynamic assignment of time slots. SSCDMA (synchronous code division multiple
access) indicates that multiple CMs can transmit simultaneously on the same RF channel and during the same TDMA
time slot, while being separated by different orthogonal codes.

In the present document, the following naming conventions are used. For TDMA, the term "modulation rate" refersto
the RF channel symboal rate (160 ksym/sto 5 120 ksym/s). For SSCDMA, the term "modul ation rate" refersto the "chip
rate," which istherate (1 280 kHz to 5 120 kHz) of the individual elements (chips) of the SSCDMA spreading code.
Modulation rates are represented in units of "Hz" denoting the number of symbols per second in TDMA mode or the
number of chips per second in SSCDMA mode. The "modulation interval" is the symbol period (TDMA mode) or chip
period (SSCDMA mode) and isthe reciprocal of the modulation rate. At the output of the spreader, a group of 128 chips
which comprise asingle SSCDMA spreading code and are the result of spreading a single information (QAM
constellation) symbol isreferred to as a" spread symbol”. The period of a spread symbol (128 chips) iscalled a
"spreading interval”. A "burst" isaphysical RF transmission that contains a single preamble plus data and (in the
absence of preceding and following bursts) exhibits RF energy ramp-up and ramp-down.

In some cases logical zeros or logical ones are used to pad data blocks; this indicates data with zero-valued or one-
valued binary bits, which result in non-zero transmitted RF energy. In other cases a numerical zero is used; this denotes,
for example, symbols which result in zero transmitted RF energy (after ramp-up and ramp-down are taken into
account).

The modulation format includes pul se shaping for spectral efficiency, is carrier-frequency agile and has selectable
output power level.
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Each burst supports a flexible modulation order, modulation rate, preamble, randomization of the payload and
programmable FEC encoding.

All of the upstream transmission parameters associated with burst transmission outputs from the CM are configurable
by the CMTS via MAC messaging. Many of the parameters are programmable on a burst-by-burst basis.

The PMD sublayer can support a near-continuous mode of transmission, wherein ramp-down of one burst MAY overlap
the ramp-up of the following burst, so that the transmitted envelope is never zero. In TDMA mode, the system timing of
the TDMA transmissions from the various CMs MUST provide that the centre of the last symbol of one burst and the
centre of the first symbol of the preamble of an immediately following burst are separated by at least the duration of
five symbols. The guard band MUST be greater than or equal to the duration of five symbols plus the maximum timing
error. Timing error is contributed by both the CM and CMTS. CM timing performance is specified in clause 6.2.20.1.
Maximum timing error and guard band may vary with CMTSs from different vendors. The term guard timeis similar to
the guard band, except that it is measured from the end of the last symbol of one burst to the beginning of the first
symbol of the preamble of an immediately following burst. Thus, the guard timeis equal to the guard band - 1.

The PMD sublayer also supports a synchronous mode of transmission when using S-CDMA, wherein ramp-down of
one burst MAY completely overlap the ramp-up of the following burst, so that the transmitted envelope is never zero.
Thereis no guard time for transmission on SS=CDMA channels. The system timing of the SSCDMA transmissions from
the various CMs MUST provide adequate timing accuracy so that different CMs do not appreciably interfere with each
other. SSCDMA utilizes precise synchronization so that multiple CMs can transmit simultaneously.

The upstream modulator is part of the cable modem which interfaces with the cable network. The modulator contains
the electrical-level modulation function and the digital signal-processing function; the latter provides the FEC, preamble
prepend, symbol mapping and other processing steps.

At the Demodulator, similar to the Modulator, there are two basic functional components: the demodul ation function
and the signal processing function. The Demodulator residesin the CMTS and there is one demodul ation function (not
necessarily an actual physical demodulator) for each carrier frequency in use. The demodulation function receives all
bursts on a given frequency.

The demodulation function of the Demodulator accepts avarying-level signal centred around a commanded power level
and performs symbol timing and carrier recovery and tracking, burst acquisition and demodulation. Additionally, the
demodulation function provides an estimate of burst timing relative to areference edge, an estimate of received signal
power, may provide an estimate of signal-to-noise ratio and may engage adaptive equalization to mitigate the effects
of @) echoesin the cable plant, b) narrowband ingress and c¢) group delay. The signal-processing function of the
Demodulator performs the inverse processing of the signal-processing function of the Modulator. Thisincludes
accepting the demodulated burst data stream and decoding, etc. The signal-processing function also provides the
edge-timing reference and gating-enable signal to the demodulators to activate the burst acquisition for each assigned
burst slot. The signal-processing function may also provide an indication of successful decoding, decoding error, or
fail-to-decode for each codeword and the number of corrected Reed-Solomon symbolsin each codeword. For every
upstream burst, the CMTS has a prior knowledge of the exact burst length in modulation intervals (see clauses 6.2.5.1,
6.2.5.2,6.2.6, 6.2.20 and [18], inthe MAC Service ID clause).

6.2.2 Signal Processing Requirements

The signal processing order for each burst packet type MUST be compatible with the sequence shown in figure 6-1. For
TDMA mode, the signal processing order for each burst packet type MUST follow the order of stepsin figure 6-2. For
S-CDMA mode, the signal processing order for each burst packet type MUST follow the order of stepsin figure 6-3.

The blocks used only in SSCDMA consist of a TCM encoder, SSCDMA framer and S-CDMA spreader. The TCM
encoder provides trellis modulation encoding of data symbols and is described in clause 6.2.9. The SSCDMA framer
maps mini-slots into code resources, provides interleaving of data symbols and is described in clause 6.2.11.2. The
S-CDMA spreader spreads SSCDMA framed symbols for transmission and is described in clause 6.2.15, "S-CDMA
Spreader”.
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Byte
Burst -
daltJa in " En?:o%er —> Interleaver —» Scrambler | TCM Encoder Framer g I\Sll);?sgl
(TDMA only) (S-CDMA only) (S-CDMA only)
Preamble
Prepend

t Spreader |, Transmit | oo | ylvogulator —» RF out
. : Equalizer
(S-CDMA only)

Figure 6-1: Upstream Signal-Processing Sequence

Packet Stream Input

U

Block the Data Separate Packet into Information Blocks (=data bytes in one codeword)
R-S Encode R-S (Reed-Solomon) Encode each Information Block, using shortened

codeword for last block if needed. R-S FEC can be turned off

U

Byte Interleave R-S Byte Interleave. R-S Byte interleaver can be turned off
Scramble Scramble (see figure 6-8)

U

Preamble Prepend Prepend Preamble Symbols

U

Symbol Map Map the Data Stream into Modulator Symbols

U

Transmit Equalize  Pre-Equalize the Symbol Stream

U

Filter Filter Symbol Stream for Spectral Shaping
Modulate Modulate at Precise Times (QPSK; 8-QAM; 16-QAM; 32-QAM; 64-QAM)

U

Output RF Waveform Bursts

U

Figure 6-2: TDMA Upstream Transmission Processing
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Packet Stream Input

Block the Data SUeparate Packet into Information Blocks (=data bytes in one codeword)

R-S Encode F\l’l-S (Reed-Solomon) Encode each Information Block, using shortened
codeword for last block if needed. R-S FEC can be turned off

Scramble gcramble (see figure 6-8)

TCM Encode 'PCM (Trellis Coded Modulation) Encode the bytes. TCM can be turned off

Preamble Prepend Fl}repend Preamble Symbols

S-CDMA Framer Igame and Interleave the Data into Mini-slots

Symbol Map l\lllljap the Data Stream into Modulator Symbols

S-CDMA Spreader  Spread the Symbols. For spreader-off bursts on S-CDMA channels, spreader
can be turned off

U

Transmit Equalize Pre-Equalize the Signal Stream

U

Filter Filter Signal for Spectral Shaping

U

Modulate Modulate at Precise Times (QPSK; 8-QAM; 16-QAM; 32-QAM; 64-QAM,;
128-QAM/TCM only)

U

Output RF Waveform Bursts

Figure 6-3: S-CDMA Upstream Transmission Processing

6.2.3 Modulation Formats
The upstream modulator MUST provide QPSK and 16-QAM differential encoded modulations for TDMA.

The upstream modulator MUST provide QPSK, 8-QAM, 16-QAM, 32-QAM and 64-QAM modulations for TDMA and
S-CDMA channels.

The upstream modulator MUST provide QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM TCM encoded
modulations for SSCDMA channels.

The upstream demodulator MAY support QPSK and 16-QAM differential modulation for TDMA.

The upstream demodulator MUST support QPSK, 16-QAM and 64-QAM modulations for TDMA and S-CDMA
channels.

The upstream demodulator MAY support 8-QAM and 32-QAM modulation for TDMA and S-=CDMA channels.

The upstream demodulator MAY support QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM TCM encoded
modulations for S CDMA channels.
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6.2.4 R-S Encode

6.2.4.1 R-S Encode Modes

The upstream modulator MUST be able to provide the following selections. Reed-Solomon codes over GF(256) with
T =110 16 or no R-S coding.

The following Reed-Solomon generator polynomial MUST be supported:
g(x) = (x+00) (x+od)...(x+a2T-1)
where the primitive element alphais 0x02 hex.
The following Reed-Solomon primitive polynomial MUST be supported:
p(x) =x8+ x4+ x3+x2+1

The upstream modulator MUST provide code words from a minimum size of 18 bytes (16 information bytes [K] plus
two parity bytesfor T = 1 error correction) to a maximum size of 255 bytes (k-bytes plus parity-bytes). The minimum
uncoded word size MUST be one byte.

In Shortened Last Codeword mode, the CM MUST provide the last codeword of a burst shortened from the assigned
length of k data bytes per codeword as described in clauses 6.2.5.1.3 and 6.2.6.

Thevalue of T MUST be configured in response to the Upstream Channel Descriptor from the CMTS.

6.2.4.2 R-S Bit-to-Symbol Ordering

The input to the Reed-Solomon Encoder islogically a serial bit stream from the MAC layer of the CM and the first bit
of the stream MUST be mapped into the MSB of the first Reed-Solomon symbol into the encoder. The MSB of the first
symbol out of the encoder MUST be mapped into the first bit of the seria bit stream fed to the Scrambler.

NOTE: TheMAC byte-to-serial upstream convention calls for the byte LSB to be mapped into the first bit of the
serial bit stream.

6.2.5 Upstream R-S Frame Structure for DOCSIS 3.0 Multiple Transmit
Channel mode Enabled

This clause appliesto CMs operating in DOCSIS 3.0 Multiple Transmit Channel mode enabled in the upstream
direction.

Figure 6-4 shows two examples of the R-S frame structure: one where the packet length equal's the number of
information bytes in a codeword and another where the packet length is longer than the number of information bytesin
one codeword, but less than in two code words. In figure 6-4, example 1 illustrates the fixed codeword-length mode and
example 2 illustrates the shortened last codeword mode. These modes are defined in clause 6.2.5.1.
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Example 1. Packet length = number of information bytes in codeword = k

4—— One Codeword —p

Empty up to
Preamble Packet Data FE.C Gl.Jard Next Mini-Slot
Parity Time
Boundary

Example 2. Packet length = k + remaining information bytes in 2" codeword = k + k' <k + k” <2k

Preamble Two Codewords (.Bl_lijnaqu mini-slot
boundary
First k Bytes FEC Last k' Bytes | k’-k’ bytes of FEC
of Packet Parity of Packet one-fill Parity

Figure 6-4: Example Frame Structures with Flexible Burst Length Mode, DOCSIS 3.0 Operation

6.25.1 R-S Codeword Length

When R-S FEC is enabled, the CM operates in either fix-length codeword mode or in shortened-last codeword mode.
The minimum number of information bytes in a codeword in either mode is 16. Shortened-last codeword mode only
provides a benefit when the number of bytesin a codeword is greater than the minimum of 16 bytes.

The intent of the following clausesis to define rules and conventions such that the CMTS PHY knows what to expect
regarding the R-S FEC framing in both fixed codeword length and shortened last codeword modes. Shortened last
codeword mode MUST NOT be used for Initial Maintenance (broadcast or unicast).

6.2.5.1.1 Burst Size
For an allocation of mini-dots (in both contention and non-contention regions), the requirements of clauses 6.2.5.1.2

and 6.2.5.1.3 apply to a burst transmitted in that allocation. Regardless of the size of the allocation, the size of the burst
MUST be as specified in table 6-1.

Table 6-1: Burst Size

IUC Burst Size
1,3 Minimum number of mini-slots required for message transmission including burst overhead. Burst
overhead includes pre-amble, R-S parity bytes, TCM return-to-zero bits and guard time if
applicable.
2 Number of mini-slots specified in the Well-Known Multicast SID.
41t06,9to 11 |Number of mini-slots allocated.

6.2.5.1.2 Fixed Codeword Length

With the fixed-length code words, after all the data are encoded, one-fill MUST occur in this codeword if necessary to
reach the assigned k data bytes per codeword. Additionally, one-fill MUST continue up to the point when no additional
fixed-length code words can be inserted before the end of the burst specified in table 6-1, accounting for preamble, FEC
parity, return-to-zero bits and guard-time symbols (if any).
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6.2.5.1.3 Shortened Last Codeword

Asshownin figure 6-4, let k' = the number of information bytes that remain after partitioning the information bytes of
the burst into full-length (k burst data bytes) code words. The value of k' isless than k. Given operation in a shortened
last codeword mode, let k" = the number of burst data bytes plus one-fill bytesin the shortened last codeword. In
shortened codeword mode, the CM MUST encode the data bytes of the burst (including MAC Header) using the
assigned codeword size (k information bytes per codeword) until 1) all the data are encoded, or 2) aremainder of data
bytesisleft over which isless than k. Shortened last code words MUST NOT have less than 16 information bytes and
thisisto be considered when CMs make requests of mini-slots. In shortened last codeword mode, the CM MUST
one-fill dataif necessary up to the Burst Size specified in table 6-1 accounting for preamble, FEC parity, return-to-zero
bits and guard-time symbols (if any). Therefore, in many cases, only k" - k' one-fill bytes are necessary with 16 <k" <k
and k' <k".

Generally, the CM MUST one-fill data until the point when no additional fixed-length code words can be inserted
before the end of the burst specified in table 6-1, accounting for preamble, FEC parity, return-to-zero bits and guard-
time symbols (if any). Then, if possible, a shortened last codeword of one-fill MUST be inserted to fit into the last mini-
slot.

If, after one-fill of additional code words with k information bytes, there are less than 16 bytes remaining before the end
of the burst specified in table 6-1, accounting for preamble, FEC parity, return-to-zero bits and guard-time symbols (if
any), then the CM MUST NOT create thislast shortened codeword.

6.2.5.2 R-S FEC Disabled

When T = 0 (no FEC parity bytes), the CM MUST one-fill in full bytesto the end of the burst specified in
clause 6.2.5.1.1, accounting for preamble, return-to-zero bits and guard-time symbols (if any).

6.2.6 Upstream R-S Frame Structure for DOCSIS 3.0 Multiple Transmit
Channel mode Not Enabled
When Multiple Transmit Channel modeis not enabled, all requirementsin clause 6.2.5 for R-S frame structurein

Multiple Transmit Channel Operation apply, except that zero-fill MUST be used instead of one-fill in clauses 6.2.5.1.2,
6.2.5.1.3,6.2.5.2 and in figure 6-4.

6.2.7  TDMA Byte Interleaver

R-S codeword interleaving in a byte (R-S symbol) format MUST be performed after R-S encoding ona TDMA

channel. The byte interleaver changes the order of the bytes at the R-S encoder output, i.e. it performs an operation of
byte permutation. At the receiver side, the original order of bytesisrestored prior to the R-S decoding. Therefore, if
some consecutive bytes were corrupted by burst noise, they are spread between various R-S code words, averaging the
number of erroneous bytesin each codeword. The interleaver isablock interleaver type, i.e. the permutation is achieved
by filling a table row-wise (one row per R-S codeword) and reading it column-wise. The total memory size allocated for
thetableis 2 048 bytes.

The byte interleaver is disabled when the R-S encoder is turned off (T = 0).

6.2.7.1 Byte Interleaver Parameters

The interleaver operating parameters described in table 6-2 determine the operation of the interleaver for every burst.

Table 6-2: Interleaver Operating Parameters

Parameter Definition Allowed Values
N Interleaver Width (R-S Codeword Length, k+2*T) (18 to 255

| Interleaver Depth 0 - Dynamic Mode
1 - No Interleaving
2 to floor(2 048/N,) - Fixed Mode

B Interleaver Block Size 2*N, to 2 048
N; Packet Size (in bytes, including FEC) = 18 bytes
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The CMTS and CM MUST use the interleaver parameters within the allowed values in table 6-2 with the following
additional restrictions:

1) N;andI, MUST be chosen suchthat N, I, <2 048 (in other words, for agiven N,, the maximal value of I, is |,
max = floor(2 048/N,).

2) N, MUST beidentical to the R-S codeword length (i.e. k+2T).
3) B, iseffective only when [,=0. This mode is called dynamic mode.
4)  Whenl =1, interleaving is disabled.

N, I, and B, are specified in the burst profile and N; isimplied in the MAP message.

6.2.7.2 Interleaver Operating Modes

Theinterleaver MUST support both an operating mode in which the block sizeis fixed, as well as a dynamic modein
which the interleaver depth is determined based on the burst size.

6.2.7.2.1 Fixed Mode

The R-S encoded data bytes of the packet are first divided into interleaver blocks of N, I, bytes (i.e. blocks of I, R-S

code words each). The size of the last interleaver block may be smaller when the packet length is not an integer multiple
of N, I,. Each interleaver block isinterleaved separately.

Each interleaver block isfilled into atable with |, rows and N, columns. The data is written row by row (from left to

right). Therefore, each row corresponds to one R-S codeword. The bytes are read column by column (from top to
bottom). The interleaver operation is demonstrated in figure 6-5.

Write c, (1] C, C,(Ny
D —

C, (1) C,(2) C,(N)
C, (M| C, (2 C,.(Np)

Py

o

Q

o

Input sequence: C,(1),...C,(N;),C,(1),....C,(N;),C4(1).....C,.(Ny)
Output sequence: C,(1),C,(1)...C,(1),C,(2).....C,(2),C,(3).....C,(Ny)

Figure 6-5: Byte Interleaver Operation

The last interleaver block might have fewer rows than |,. If the shortened last codeword mode is applied, then the last
row might have fewer elements than N,. In these cases, the interleaver table is read column by column, skipping the
empty elements of the table. The interleaver operation for the last interleaver block is demonstrated in figure 6-6.
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Write C,(M| C @ C, (N) c, (N)
>
C,(M| G @ C, (N)
Ciy (N) Gy (N)
C.(M| C @ C, (N

Py

[

Q

o

Input sequence: C,(1),...C,(N,),C,(1),....C,(N),C,(1)....C,(1).....C, (N)
Output sequence:
C,(1).C,(1)...C,(1),C,(2)...C,(2)...C,(N")...C.(N'),C,(N'+1)....C,_,(N'+1),C,(N'+2)...C,_,(N'+2)...C, (N1)...C ., (N,

Figure 6-6: Interleaver Operation for Last Interleaver Block (with Shortened Last Codeword)

6.2.7.2.2 Dynamic Mode

In the fixed mode, the interleaving depth of the last interleaving block of a packet (I' in figure 6-6) may be as small as
one, resulting in low burst noise robustness for this block. In the dynamic mode, the depths of the interleaver blocks are
chosen such that all blocks have approximately the same depth to achieve nearly optimal burst noise robustness (for the
given block size).

The R-S encoded data bytes of the packet are first divided into N2 interleaver blocks. The size of the it interleaver
block is N,*1,0) bytes (i.e. ablock of I,() R-S code words). The size of the last interleaver block may be smaller in the

shortened |ast codeword mode. Each interleaver block isinterleaved separately (see the equations for N2 and 1,®) in
clause 6.2.7.2.2.1).

Theith interleaver block isfilled into atable with 1 () rows and N, columns. The data is written row-wise (from left to
right). Therefore, each row corresponds to one R-S codeword. The bytes are read column-wise (from top to bottom).
The interleaver operation is demonstrated in figure 6-5 (except that there are 1 () rows instead of ).

If the shortened last codeword mode is applied, then the last row might have fewer elementsthan N,. In this case, the
interleaver table is read column by column, skipping the empty elements of the table. The interleaver operation for the
0

last interleaver block is demonstrated in figure 6-6 (except that there are | EN )rows instead of ).
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Dynamic Mode Calculations
ations areillustrated in figure 6-7.
Ng and | r(i) are determined by the following equations:
log =

Total number of interleaver rows: o =CEI(N,/N,).

Maximal number of rows per segment: | = floor (B, /N,).

Number of segments: NS =ceil (g, /1, )
Interleaver depth of first block: |+ = floor (1o /N2)

. 1. __N|O 1 0
No. of blocks with depth of | : M=N;-(I,+D -1

Then for segment i, Ir(i) is calculated as follows (i :1...N2):
1 .

0 :{Ir, i=1..,M

r 1 ; 0
[;+1L 1=M+1...,Ng

Figure 6-7: T Mode Calculations

6.2.8 Scrambler (Randomizer)

The upstream modulator MUST implement a scrambler (shown in figure 6-8) where the 15-bit seed value is arbitrarily

programmable.

At the beginning of each burst, the register is cleared and the seed valueis loaded. The seed value MUST be used to
calculate the scrambler bit which is combined in an XOR with the first bit of data of each burst (which isthe MSB of
the first symbol following the last symbol of the preamble).

The scrambler seed value MUST be configured in response to the Upstream Channel Descriptor from the CMTS.

The polynomial MUST be x1° + x14 + 1,

SEED
LSB

SEEDLOAD/FRAME RESET SEED
MSB

Y

A A Y A

A\

DELAY

1

DELAY DELAY DELAY DELAY
P ELEMENT —p» ELEMENT {—» ELEMENT —#» — — — — - ELEMENT ELEMENT

N=15

2 3 N-2 N-1

DELAY

ELEMENT

N
¢ XOR

RANDOMIZER

o . RANDOMIZER
DATA INPUT > ®> DATAOUTPUT

Figure 6-8: Scrambler Structure
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6.2.9 TCM Encoder

R-S symbol interleaving is commonly included between the TCM and R-S blocks to preserve coding gain in the
presence of bursts of errors produced at the output of the TCM decoder. This interleaver was not included in the original
baseline S-CDMA proposal to reduce memory requirements at the expense of coding gain.

In SSCDMA mode, the CM MUST support trellis coded modulation for transmission of m=1, 2, 3, 4, 5 and 6 bits per
symbol with QPSKO0, 8 -QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM constellations, respectively. Support of
TCM inthe CMTSisoptional.

Figure 6-9 shows the employed 8-state TCM encoder. The encoding operation causes a mapping of m input bits into
m+1 output bits for input into the symbol mapping block. The systematic convolutional encoder adds the coded bit
x1 =L to theinput bitsiM, i3, i2, il. For m =1, only input bit i1 is used (i2 = 0) and encoding is reduced to rate-1/2
coding.

|m Xm+1>
i-3 x“> symbol
2 x> | S-CDMA | labels
p Xz> Framing | >
I -
2 s S=x!
’—r D D D L

f

Figure 6-9: Convolutional encoder

Theinitial state of the TCM encoder MUST be the zero state. The zero state MUST be reached again with the last
encoded symbol.

To return to the zero state from all possible Trellis paths, if m = 1 (QPSK) three tail symbols (n, = 3) MUST be

generated with input bit il set to il = sl. By inspection of figure 6-9, after three symbols the state bits 2, st and 0 = x1
will be zero. Tail symbols are extra symbols, which carry no information.

If m =2, to return to the zero state from all possible Trellis paths, two tail symbols (n,=2) MUST be generated. The

input bitsi2il MUST be set such that the zero state is reached after two symbols. If the first symbol isset toi2 =0,
i1 = sl and the second (final) symbol to i2 = 2, i1 = s after these two symbols the state bits s2, st and 2 = x1 will be
Zero.

If m> 3, the uncoded bitsi™, ..., i3 MUST be used for information encoding, when this is possible. Otherwise, uncoded
bits MUST be set to zero. The number of tail symbols carrying no information depends on the ending conditions and
can vary between zero and two (0 <n, < 2).

6.2.9.1 Byte to TCM Symbol Mapping

The mapping of bytesto TCM symbols is done such that each byte is mapped entirely to the uncoded bitsi™, ... i3, or
entirely to the convolutional encoder input bitsi2, i1. The decision is made sequentially for each byte using the rule that
the byte assignment should lead to the shortest packet of symbolsincluding tail symbols, if the current byte were the
last byte to be encoded. This rule resultsin the repetitive patterns of byte assignmentsto label bits shown in figure 6-10
for m=1to 6. Inthe figure bit iM is at the top and bit i is at the bottom.

The MSB (i™ MUST be the first bit in the seria data fed into the uncoded input bits (i.e. iM to i3). The MSB (i%) MUST
be the first bit in the serial datafed into the coded input bits.
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Figure 6-11 illustrates the byte assignments for Trellis-coded 64-QAM modulation by two examples. Notice that bytes
are assigned in arepetitive pattern of five bytes. In the first example, N; is divisible by five. In this case two tail

symbols are appended. In the second example, Ny is not divisible by five and no tail symbols are required. The bits
needed for returning to the zero state are available in symbols still carrying information.

m = 6 (128QAM)

m = 5 (64QAM) 1J 2 ’J ¢

3 | 5

1
m = 4 (32QAM) >
m = 3 (16QAM) : T 3 ‘} ‘}
m=2(8QAM) | 1 2EEEEREEE
m=1(QPSK) | i [ T[T 1111

Figure 6-10: Repetitive Patterns of Byte Mapping to Symbol Map Bits for TCM

zero fill bits to return redundant
bits to zero state code bits
zero
VA final
state

zZero

initial s | B
state 5
x*
x3
x2
X!
n, preamble n, TCM n =2
symbols symbols tail symbols

A
y

n; TCM symbols, no
tail symbols (n; = 0)

Figure 6-11: Example Byte to Bit Assignment for 64-QAM

ETSI



35 Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

The CM MUST place the return-to-zero bitsright after the last TCM-coded data sub-symbol, that is, the last coded
sub-symbol corresponding to the parity bytes of the last shortened or fixed R-S codeword including any zero-filled (for
operation not in MTC Mode) or one-filled (for operation in MTC Mode) R-S code words in the grant. The rest of the
TCM-coded bits MUST be filled with zeros.

Figure 6-12 illustrates the placing of return-to-zero bits for 64-QAM when the last transmitted byte is#1. Thefirst two
pairs of x2 and x3 are the return to zero bits and the last empty coded pair is zero-filled.

Uncoded bits

u

Zero fill bits

0

Bits to return to zero state

r

i5 u u u X8
4 u fu u X
3 u u 0 X
|2 0 r 0 X3
i’ r r 0 N

X1

Figure 6-12: Example of return to zero bits followed by "0"

6.2.10 Preamble Prepend

The upstream PMD sublayer MUST support a variable-length preamble field that is prepended to the data after it has
been randomized, Reed-Solomon encoded and TCM encoded.

Thefirst bit of the Preamble Pattern isthe first bit into the symbol mapper (see clause 6.2.14). Thefirst bit of the
Preamble Pattern is designated by the Preamble Value Offset. The preambleisinterleaved by the framer in SSCDMA
mode.

The preamble sequence MUST be programmable. For DOCSIS 2.0/3.0 bursts (bursts encoded using a Type 5 burst
descriptor), the preamble MUST use the QPSK 0 or QPSK 1 constellation (per figures 6-20 and 6-21) with preamble
length O, 2, 4, 6,..., or 1 536 bits (maximum 768 QPSK symbols). For DOCSIS 1.x compatible bursts (Type 4 burst
descriptor) that use QPSK modulation, the preamble and data MUST use the QPSK O constellation with preamble length
0, 2,4, 6,..., or 1024 bits (maximum 512 QPSK symbols). For DOCSIS 1.x compatible bursts (Type 4 burst descriptor)
that use 16-QAM modulation, the preamble and data MUST use the 16-QAM constellation with preamble length O, 4,
8, 12,..., or 1 024 bits (maximum 256 16-QAM symbols).

The preamble length and value MUST be configured in response to the Upstream Channel Descriptor message
transmitted by the CMTS.
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6.2.11 Modulation Rates

6.2.11.1 DOCSIS 3.0 Modulation Rates

In TDMA and S-CDMA modes, the CM upstream modulator MUST provide all modulations at 1 280 kHz, 2 560 kHz
and 5 120 kHz.

In TDMA and S-CDMA modes, the CM TS upstream demodulator MUST be able to support demodulation at
1280 kHz, 2560 kHz and 5 120 kHz.

This variety of modulation rates and flexibility in setting upstream carrier frequencies, permits operators to position
carriersin gapsin the pattern of narrowband ingress.

The modulation rate for each upstream channel is defined in an Upstream Channel Descriptor (UCD) MAC message.
All CMs using that upstream channel MUST use the defined modulation rate for upstream transmissions.

6.2.11.2 Backward Compatibility Modulation Rates

Operating with aDOCSIS 1.x or DOCSIS 2.0 CMTS, or witha CM TS operating in one of these modes, in TDMA and
S-CDMA modes, the CM upstream modulator MUST provide all modulations at 1 280 kHz, 2 560 kHz and 5 120 kHz.

In addition, with such pre-3.0-DOCSIS CMTS operation, for TDMA mode, the CM upstream modulator MAY provide
all modulations at 160 kHz, 320 kHz and 640 kHz.

In pre-3.0-DOCSIS CMTS operation, for both TDMA and S-=CDMA modes, the CMTS upstream demodulator MUST
be able to support demodulation at 1 280 kHz, 2 560 kHz and 5 120 kHz. In pre-3.0-DOCSIS CMTS operation, for
TDMA mode, the CMTS upstream demodulator MAY support demodulation at 160 kHz, 320 kHz and 640 kHz.

6.2.12 S-CDMA Framer and Interleaver

6.2.12.1 S-CDMA Framing Considerations

The S-CDMA mode of the PHY layer accepts data presented to it for transmission from the MAC layer. Thisdatais
presented as bursts of n mini-slots. These bursts are mapped within the PHY layer to a combination of spreading codes
and time dlots, in order to exploit the multi-dimensional spreading of information by the SSCDMA mode.

There are various adjustabl e parameters in the upstream channel parameters and upstream burst attributes that allow
controlling the mini-slot to physical layer mapping, as well as tuning the channel to accommodate a variety of channel
conditions, noise characteristics, capacities, reliability levels and latency requirements.

When operating in SSCDMA mode, datais transmitted in two dimensions. codes and time. For this reason, data to be
transmitted is grouped into two-dimensional rectangular frames prior to transmission.

At the physical layer, datais sent over an array of up to 128 spreading codes. There is a programmable number of
spreading intervals per frame, as shown in figure 6-13. A spreading interval is the time required to transmit one symbol
per code across all 128 codesin S-=CDMA mode. Note that the specific codes which are used and the details of the
spreading operation are described in detail in clause 6.2.15.

A burst from a particular CM may be transmitted on two or more codes in one or more frames. A frame may contain
bursts transmitted simultaneously from multiple CMs (each on a separate subset of the codes) as defined by the MAP

message.

6.2.12.2 Mini-slot Numbering

In normal operation, the MAC will request the PHY to transmit a burst of length n mini-dlots, starting at mini-slot m, as
defined by the MAP. All CMs and the CMTS MUST have a common protocol of how mini-slots are numbered and how
they are mapped onto the physical layer framing structure. This common protocol is obtained from information in the
SYNC and Upstream Channel Descriptor (UCD) messages.

Mini-dlots are mapped onto frames starting at the first active code, are numbered sequentially through the remainder of
the frame and then wrap to the next sequential frame (see clause 6.2.12.2.2 for mini-slot numbering examples). Mini-
dots are mapped onto a group of consecutive codes.
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The CMTS and the CMs require a common protocol for mini-slot numbering. For operation on a TDMA channel, thisis
achieved solely through recovery of the timestamp. Since the time duration of an SS<CDMA frame is not necessarily a
power-of-2 multiple of the 10,24 MHz reference, the timestamp rollover (at 232 counts) is not necessarily at an
S-CDMA frame boundary. Therefore, an additional synchronization step is required.

The CMTS s required to identify frame boundaries relative to the timestamp counter on a periodic basis. Thisis called
the timestamp snapshot and has to be sent in the UCD for each upstream S-CDMA channel.

The CM TS isrequired to maintain aframe counter and a mini-slot counter. The CMTS has to sample these values along

with the timestamp, on aframe boundary, as shown in figure 6-13. The CMTS s required to obtain a new sample prior
to sending each UCD message.
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Figure 6-13: Timestamp Snapshot

Each CM MUST maintain atimestamp counter, mini-slot counter and frame counter functionally identical to the
CMTS.

From the UCD message, the CM receives the CM TS timestamp snapshot and parameters from which it can calculate
the number of time counts per SSCDMA frame. Using modulo arithmetic, the CM can then cal cul ate accurate val ues for
timestamp, mini-slot and frame counters at any point into the future.

The CM can then update its local mini-slot and frame counters at an appropriate timestamp counter value. At this point,
the CM representation of mini-sots and frames are aligned with those in the CMTS.

The CMTS and CM MUST implement a 32-bit timestamp counter, a 32-bit mini-slot counter and an 8-bit frame
counter, as follows:

e  Themini-slot counter MUST contain the value of the first mini-slot of the frame when it is sampled. It MAY
be incremented by the number of mini-dlots per frame, once per frame interval. The mini-slot counter will use
all 32 bits and mini-slot numbers will, therefore, range from 0 to 232-1.

e  Theonly specified function for the frame counter is to reset the code hopping sequence at the frame 0
(modulo-256) boundary, as defined in clause 6.2.15.1.
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The frame structure above relates to the entire upstream and not necessarily to the transmission from asingle CM. The
codes are resources which are alocated to CMs over each S-CDMA frame. The assignment of codesto CMsis
performed by the framer as it assigns a burst of symbols a particular order in the two-dimensional matrix of codes and
time. This symbol sequencing is described in detail in clause 6.2.13.

6.2.12.2.1 Mini-slot Numbering Parameters in UCD

There are three parameters specified in the UCD that define mini-slot mapping: spreading intervals per frame, codes
per mini-slot and number of active codes.

Spreading intervals per frame:

The number of spreading intervals per frame, K, (along with the signalling rate), 1/T, define the time duration of an
S-CDMA frame, Ty,

T =K* 128* T
Note that the code length in the above equation is always 128, regardless of how many codes are currently active.
The valid range of the spreading intervals per frame parameter is 1 to 32.
Codes per mini-dot:

In conjunction with the spreading intervals per frame parameter, the codes per mini-slot (C,,o) parameter defines the
total number of symbols per mini-slot and, therefore, the mini-slot capacity. The mini-slot capacity, S, isgivenin
symbols by the following expression:

STTB:K*CFT\S

The lower limit on mini-slot capacity is 16 symbols. However, the mini-slot also hasto be large enough to allow the
transmission of the largest-sized data PDU (including physical layer overhead) in 255 mini-dots. The maximum mini-
dlot capacity in symbolsis given by the product of the maximum number of spreading intervals per frame and the
maximum number of codes per mini-slot (32 x 32 = 1 024 symbols). The valid range of the codes per mini-slot
parameter is 2 to 32.

Selectable Active Codes (SAC):

The number of active codes parameter N, allows the number of codes used to carry data to be less than or equal to 128.
When N, < 128, the active codes may be chosen using the following two modes.

Selectable Active Codes Mode 1: The low-numbered codes starting with code O are not used, as shown below in
figure 6-15 (an example of 126 active codes and code hopping off).

Selectable Active Codes Mode 2: The active codes are selectable via a 128-hit string. The first element in the string
corresponds to code O (the all-ones code). A "1" element in the string indicates an active code and a"0" indicates an
unused code.

There are several reasons why it may be desirable to reduce the number of active codes:

. Code 0 does not have the same spreading properties as the other codes and, therefore, under certain coloured
noise conditions, will degrade performance.

. In extremely noisy plant conditions, areduction in the number of active codes (along with the corresponding
increase in power per code for the remaining codes) can allow reliable operation at reduced capacities.
Reduction in active codes from 128 to 64 resultsin a 3 dB improvement in SNR.

. The number of mini-slots per SSCDMA frame MUST be an integer. Therefore, the codes per mini-slot and
number of active codes parameters MUST be chosen to result in an integral number of mini-dlots per frame.

When N, > 64, the SCDMA frame consists of more than 1 mini-slot, since the number of codes per mini-slot isin the
range 2 to 32. Thisimplies that N, is non-prime. The prime numbers between 64 and 128 are { 67, 71, 73, 79, 83, 89, 97,
101, 103, 107, 109, 113 and 127} .
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The CM MUST support any non-prime number of active codesin the range 64 < N, < 128. The CM MUST support
Selectable Active Codes Mode 1. The CM SHOULD support Selectable Active Codes Mode 2.

The CMTS MUST support 126 and 128 active codes. The CMTS MUST support Selectable Active Codes Mode 1. The
CMTSMAY support Selectable Active Codes Mode 2.

6.2.12.2.2 Mini-slot Numbering Examples

A typical mini-slot numbering example with N, = 128 active codes and code hopping off is shown in figure 6-14. In this

example, there are two codes per mini-slot defined. The number of codes per mini-dot is an adjustable parameter (via
the UCD) to allow flexibility in determining the effective capacity of each mini-dot.
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Figure 6-14: Mini-slot Mapping with Two Codes per mini-slot, 128 Active Codes

A second example, using three codes per mini-slot, with code hopping off, is shown in figure 6-15. Sinceit is required
that there be an integral number of mini-dlots per frame, the number of active codes N, has been restricted to 126, via

either Selective Active Codes Mode 1 or 2. In this example, a trade-off has been made to increase mapping flexibility at
the expense of a small reduction in channel capacity (the ratio 2/128).
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Figure 6-15: Mini-slot Mapping with Three Codes per mini-slot, 126 Active Codes
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Figure 6-16 shows an example of N, = 124 active codes with codes 0, 1, 5 and 125 unused; Selectable Active Codes

Mode 2 and code hopping off. The original spreading code matrix has been re-ordered such that the unused codes are
moved to the bottom rows. The active codes are arranged in the matrix in increasing order from bottom to top, as are the
unused codes. The mini-slots are defined on the active codes only, as shown in figure 6-16.
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Figure 6-16: Mini-slot Mapping with Four Codes per Mini-slot, 124 Active Codes,
Codes 0, 1, 5 and 125 Unused; Selectable Active Codes Mode 2

Thereisno implication that physical layer processing is performed on a per-mini-slot basis. Asina TDMA channel, the
physical layer is concerned only with the burst start time (mini-slot number) and the burst length.

6.2.12.3 Transmission Time

Ideally, al the mini-dots contained in one S-CDMA frame are received simultaneously. These mini-slots may be
transmitted from asingle CM or may be transmitted from multiple CMs, as defined by the bandwidth allocation MAP
message and the mini-slot mapping configuration settings (from the UCD). Note that a single CM may have more than
one allocation activein asingle SSCDMA frame.

6.2.12.4 Latency Considerations

S-CDMA frame timing is derived directly from (is phase locked to) the 10,24 MHz CMTS Master Clock. Based on the
allowable modulation rates and the fact that there are 128 modulation intervals (chip periods) in a spreading interval, the
S-CDMA frame time MUST aways be a multiple of 25 ps.

The number of spreading intervals per frame and the modulation rate exactly define the SCDMA frame duration. Asa
specific example, a burst profile defined with 10 spreading intervals per frame, with a modulation rate of 2,56 MHz,
would result in aframe duration of 500 ps.

The amount of additional upstream latency added by the use of SSCDMA mode is approximately one SSCDMA frame,
with the exact value described in clause 6.2.18.

6.2.12.5 Spreader-off Bursts for Maintenance on S-CDMA channel

Spreader-off bursts are defined as bursts on an SS<CDMA channel which has attributes that specify the spreader be
turned off. For a spreader-off burst, both the SSCDMA framer and S-CDMA spreader are bypassed. The Initial
Maintenance burst type MUST be specified (via UCD) to use spreader-off bursts. The Station Maintenance burst type
MAY be specified (viaUCD) to use spreader-off or spreader-on bursts. The CM MUST support both spreader-on and
spreader-off modes for Station Maintenance bursts. All remaining IUC burst types MUST be specified (via UCD) to use
spreader-on bursts. The S-CDMA channel will be programmed (via UCD) for C,, codes per mini-slot, p number of

active codes, K spreading intervals per SSCDMA frame and a resultant s mini-slots per frame, where s=p/C, ..

Then each S-CDMA frame, where a transmission with the spreader off isto occur, will contain exactly s mini-dots,
where each mini-slot consists of C,,.*K symbols, as shown in figure 6-17.
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In the case where the number of active codes (p) is lessthan 128, the frame will still contain exactly s mini-slots, where
each mini-slot consists of C,,;*K symbols. The first mini-slot of a frame will start with the first symbol of the frame. If

aburst spans multiple frames, the burst will start relative to the first frame and continue without interruption into the
next frame.

Spreader-off bursts for Station Maintenance Regions (IUC 4) MUST be padded with zero data symbols from the end of
the R-S encoded data until the end of the burst as defined by the burst boundaries of clause 6.2.5.1.1. Spreader-off
bursts for Initial Maintenance Regions (IUC3) MUST be padded with zero data symbols from the end of the R-S
encoded data until the end of the burst as defined by the burst boundaries of clause 6.2.5.1.1. Differential encoding and
R-S byte interleaving MUST NOT be used with spreader-off bursts on SSCDMA channels.
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Figure 6-17: S-CDMA Spreader-on and Spreader-off Intervals

The CMTS scheduler MUST ensure that the spreader-off interval is aligned to the start of an SSCDMA frame, occurs
completely within one or more SSCDMA frames and MUST ensure that no spreader-on bursts are scheduled during
these same frames. The CMTS scheduler MUST grant at most one spreader-off burst per CM per frame. It isthe
responsibility of the CMTS to alocate mini-slots to the NULL SID, asrequired to prevent interference between bursts
(i.e. before and after spreader-off bursts when the CM might not be sufficiently synchronized). Specifically, the CMTS
MUST issueaNULL grant (to the NULL SID) of 1 mini-slot immediately before each spreader-off burst, which
corresponds to either Station Maintenance, or Unicast Initial Maintenance. The CMTS MUST also issue a NULL grant

(tothe NULL SID) of 1 mini-slot or guarantee a quiet mini-slot (dead time) immediately after these bursts and before a
spreader-on interval starts.

During spreader-off bursts on SS=CDMA channels when less than 128 active codes are in use, the spreader-off frame will
contain quiet mini-slots (dead time) equal to the number of inactive codes/number of codes per mini-dot, which

provides a duration equal to the number of inactive codes (128-p)* number of spreading intervals (K)*duration of a
modulation interval (T).
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6.2.12.6 Limiting the Number of Codes Assigned to a CM

In certain situations, it may be useful for aCMTS to limit the number of codes that asingle CM isrequired to
simultaneoudly transmit. By doing so, the CM can divide its transmit power across a smaller number of codes than it
would otherwise, which resultsin a higher power per code. This can be especially useful when a population of CMsis
subject to an unusually high upstream attenuation, such that the CMs are transmitting at the maximum total transmit
power. When the value of Maximum Scheduled Codesiis set less than the Number of Active Codes, the CMTS MUST
ensure that each compliant CM will not, via scheduled grants or multicast IEs with l[UC=1, exceed its assigned
Maximum Scheduled Codes transmission limit in any SSCDMA frame. To accomplish this, the CMTS must avoid
scenarios that would potentially cause the CM to attempt to transmit on more codes than its Maximum Scheduled Code
limit would allow. For instance, the CMTS must manage the number of codes assigned to contention IEswith [UC=1in
all frames. In frames where |Es with I[UC=1 could not be inserted by a CM TS because of a CM's Maximum Scheduled
Codes, the CMTS MAY provide multicast |Es with [UC=2 for contention reguest opportunities. CMs with Maximum
Scheduled Codes enabled MUST be configurable via SNMP to control usage of IEswith [UC=2[19]. By default, CMs
with Maximum Scheduled Codes Enabled MUST NOT use | Es with ITUC=2. Maximum Scheduled Codes MUST be
equivalent to an integer number of mini-dots.

A CM MUST NOT concatenate packets beyond the size permitted by the SCDMA Maximum Scheduled Codes, if
Maximum Scheduled Codes specified in the RNG-RSP isnot 0. Thisisin order to reduce fragmentation overhead,
which can become significant as the number of codes reduces. A CM receiving a Maximum Scheduled Codes value
MUST be capable of fragmenting any MAC frame, including frames transmitted prior to completing the registration
process. To support 1.0 style configuration files, a CM and CM TS using the Maximum Scheduled Codes value
SHOULD support fragmentation in 1.0 mode.

If aUGS flow is requested to provide an Unsolicited Grant Size greater than the value permitted by the Maximum
Scheduled Codes value, the CMTS MUST regject the request for the UGS flow or change the CM's Maximum
Scheduled Codes value such that it would permit the UGS grants.

6.2.13 S-CDMA Framer

The SSCDMA framer maps mini-slots to spreading codes and spreading intervals by arranging them as symbols within
an S-CDMA frame. It aso performs an interleaving function, to provide protection against impulse noise. The
S-CDMA framer's function of mapping mini-slots to spreading codes and spreading intervalsisillustrated in

clause 6.2.12, "S-CDMA Framer and Interleaver”. As previoudly described, an SSCDMA frame is defined by the
number of spreading intervals per frame, codes per mini-slot and number of active codes. The framer uses this
information to map the mini-slots of atransmission into frames. The framer maps compl ete grants so that any
interleaving which is performed is not constrained by individual mini-slot boundaries. The framer MUST align
transmissions to begin and end on mini-slot boundaries. Within a transmission, the framer numbers the symbols or bits
and allocates them to codes and spreading intervals independent of the mini-slot mapping. When using TCM encoding,
the TCM encoded symbols from the TCM encoder are split into two subsymbols consisting of the coded subsymbol
which is the two bits and the parity generated from the convolution encoder and the uncoded subsymbol consisting of
therest of the bits. When TCM is off, the randomizer output is treated as a continuous bit stream ignoring byte
boundaries, as specified in clause 6.2.14, " Symbol Mapping”.

6.2.13.1 Subframe Definition

The SSCDMA framer performsinterleaving independently of mini-dots. Interleaving is constrained by subframe
boundaries, where a subframe is a rectangular subset of an S-CDMA frame over which interleaving is performed. A
subframe is normally an integer number of Reed-Solomon code words to enhance protection from impul se noise.

Given an S-CDMA frame which is N active code by K spreading intervals, a subframe is defined to be a group of R
contiguous rows, where R is an integer in the range from 1 to N, A subframe is defined to exist entirely within asingle
frame and does not span multiple frames. Each subframe contains R*K |ocations and each location holds one symbol
used for mapping and spreading. Each transmission MUST start with a new subframe. The last subframe of a frame
MUST be shortened to fit entirely within asingle SSCDMA frame. The last subframe of a transmission MUST be
shortened to fit within the granted mini-slots. In both of these cases the subframe will be only R’ rows instead of R rows
where R' < R. Figure 6-18 shows a subframe consisting of R rows and K spreading intervals within an SSCDMA frame.
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Figure 6-18: Subframe structure

The parameters that define a subframe and the numbering within a subframe are codes per subframe and interleaver step
size. These two parameters are specified as part of the burst attributes and can vary between burst profiles. These
parameters determine the size of the subframe and a so how the subframe is filled with symbols. The valid range for
codes per subframe is from one to the number of active codesin use. The parameter interleaver step size is used while
putting TCM coded subsymbols and preamble symbolsinto the frame. Both of these types of symbols fill in subframes
first dlong arow and the interleaver step size parameter indicates the spreading interval increment to be used while

filling in the symbols.

6.2.13.2 Framer Operation

The symbols entering the framer MUST be placed into the framer according to the following sets of rules. There are
two sets of rules which apply to different types of input symbols. Preamble symbols and coded TCM subsymbols follow
one set of rules, while non-TCM encoded symbols and uncoded TCM subsymbols follow the second set of rules. The

rules are specified in the following clauses.

6.2.13.2.1 Rules for Preamble and Coded TCM Symboils

The CM preamble (whether TCM is on or off) and the coded TCM subsymbols MUST fill in the frame according to the
following rules:

1) Thefirst symbol or subsymbol MUST be placed in the first spreading interval of the first row of the granted
mini-slot. In figure 6-18 this would be row 1, spreading interval 0, assuming that thisis the start of the first

mini-dot of the grant.

2)  Subsequent symbols MUST be placed at the next available spreading interval Interleaver Step Size away from
the previous. For instance if the previous symbol was placed at spreading interval X, the next symbol is placed

at X + Interleaver Step Size.

3) If theaddition of the Interleaver Step Size results in the next location being beyond the end of the frame, the
next location MUST be located modulo the frame length. For instance if J + Interleaver Step Size = K+1, then
the next location would be spreading interval 1.

4) If the next location is already occupied, then the spreading interval MUST be incremented by 1 until the next
unoccupied spreading interval islocated. For instance if the desired location is spreading interval X and
spreading interval X is occupied, but not X+1, then X+1 would be used.

5) Afterfilling al of the spreading intervals of a single row, the operation is repeated, starting with the next row
and step 1 above.
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6) After placing all of the preamble and data symbols into the frame, the remaining symbolsin the burst, as
defined by the burst boundaries of clause 6.2.5.1.1, MUST be filled with zero data symbols which will be
mapped to non-zero power.

7)  Any locations that have only a TCM uncoded subsymbol MUST be filled with zero bits in the coded
subsymbol portion before mapping and spreading.

6.2.13.2.2 Rules for Uncoded Symbols and the Uncoded TCM Subsymbols

Symbols without TCM encoding and uncoded TCM subsymbols MUST fill subframes according to the following rules.

1) Thefirst symbol MUST be placed in the first available code of the first available spreading interval of the
subframe after the preamble has been placed into the frame. The symbols are filled from row 1 through row R
and, after filling a spreading interval, the next spreading interval is filled from row 1 through row R.

2)  Uncoded symbols and the uncoded portion of TCM symbols MUST NOT be placed in the same frame location
(spreading interval, code) as a preamble symbol. For instance if thereis a preamble symbol in row X,
spreading interval Y; and row (X+1), spreading interval Y is unused, the symbol should be placed into row
(X+1), spreading interval Y.

3)  Subsequent symbols MUST be placed in the next available row of the first available spreading interval of the
current subframe. This causes the subframe to be filled column-wise bottom to top and then from left to right.
For instance if row 1 through row R of spreading interval X is aready occupied, the next symbol would be
placed into the first available row of spreading interval X+1.

4)  After completely filling a subframe, the next subframe MUST begin as specified in step 1 above.

5)  The number of rows contained in the last subframe of aframe MUST be reduced to fit entirely within the
frameif there is not adequate space for afull subframe.

6)  The number of rows contained in the last subframe of a grant of mini-slots MUST be reduced to fit entirely
within the granted mini-dots if there is not adequate space for a full subframe within the grant.

7)  After placing all of the data symbols into the frame, the remaining symbolsin the burst, as defined by the burst
boundaries of clause 6.2.5.1.1, MUST be filled with zero data symbols which will be mapped to non-zero
power.

8) Any locations that have only a TCM coded subsymbol MUST be filled with zero bits in the uncoded
subsymbol portion before mapping and spreading.

6.2.13.2.3 Subframe Example

Figure 6-19 shows an example which follows the above specified rules. Each box in the figure represents a symbol
which can contain either a preamble symbol, an uncoded symbol when not using TCM, or an uncoded and coded
subsymbol when using TCM. In this example there are 9 spreading intervals in the frame, 3 rows for the subframe, an
Interleaver Step Size of 3 and the preamble is 4 symbols. Based on these parameters, the subframe would be filled as
shown. If the datais TCM encoded, the Cs would represent locations of the coded subsymbols and the Us represent the
locations of the uncoded subsymbols. If the TCM is not used, then the symbols would be placed according to the Us

only.
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Figure 6-19: Symbol Numbering With and Without TCM
6.2.13.2.4 Frame Transmission

Once aframe is completed and ready for transmission, the symbols MUST be mapped and spread in spreading interval
order. This meansthat spreading interval 0, as shown in figure 6-18, MUST be the first spreading interval on the wire.
For TCM encoded data, the coded and uncoded subsymbols from each location in the frame MUST be combined to
create complete symbol s before mapping and spreading. This corresponds to creating a new symbol where the coded
portion of the symbol is C' and the uncoded portion is Ui. The preamble symbols remain intact.

6.2.14 Symbol Mapping

The modulation mode is configurable via M AC messages. Differential encoded QPSK and 16-QAM are available for
TDMA channels. QPSK, 8-QAM, 16-QAM, 32-QAM and 64-QAM are available for TDMA and S-=CDMA channels.
TCM encoded QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM are available for SSCDMA channels. The
symbols transmitted in each mode and the mapping of the input bitsto the | and Q constellation MUST be as defined in
table 6-3. In the table, x1 represents the LSB of each of the symbol maps and x2, x3, x4, x5, x6 and x” represents the
MSB for QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM respectively. The MSB MUST be thefirst bit in
the serial datainto the symbol mapper. The MSB MUST be mapped to the M SB of the symbol map. The number of
data bytes may not map into an integer number of symbols. In this case, the last symbol MUST be padded with zero bits
in the LSB locations after al data bits are processed.

All constellations are defined on a common integer grid in figure 6-20. This defines each QAM symbol with 5-bit
values on each (I and Q) axis. The relative symbol amplitudes defined by the grid MUST be maintained across all
congtellations. Different constellations may be used, for example, in different burst profiles, in preamble and data
symbols within the same burst and in modulating different spreading codes within a frame.

In figure 6-20, E,, denotes the average constellation energy for equally likely symbols. For each constellation the
integer values of E,, and differencesin dB compared to 64-QAM, G, @€ given. The QPSKO constellation is

employed for low-power preamble and all QPSK data symbols. Use of QPSK1 is restricted to high-power preamble
symbols.

Table 6-3: 1/Q Mapping

QAM Mode Input bit Definitions
QPSK x2x1
8-QAM x3 x2 x1
16-QAM x4 x3 x2 xt
32-QAM X3 x4 x3 x2 x1
64-QAM xB x® x4 x3 x2 xt
128-QAM x7 x8 x5 x# x3 x2 x1
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The upstream symbol constellations MUST be as shown in figure 6-20.

The upstream QPSK Gray-coded and differential symbol mapping MUST be as shown in figure 6-21.
The upstream 8-QAM symbol mapping MUST be as shown in figure 6-22.

The upstream 16-QAM Gray-coded symbol mapping MUST be as shown in figure 6-23.
The upstream 16-QAM differential symbol mapping MUST be as shown in figure 6-23.
The upstream 32-QAM symbol mapping MUST be as shown in figure 6-24.

The upstream 64-QAM Gray-coded symbol mapping MUST be as shown in figure 6-25.
The TCM symbol mapping used for SSCDMA are shown in figure 6-26 through figure 6-28.
The upstream QPSK TCM symbol mapping MUST be as shown in figure 6-26.

The upstream 8-QAM TCM symbol mapping MUST be as shown in figure 6-26.

The upstream 16-QAM TCM symbol mapping MUST be as shown in figure 6-27.

The upstream 32-QAM TCM symbol mapping MUST be as shown in figure 6-27.

The upstream 64-QAM TCM symbol mapping MUST be as shown in figure 6-28.

The upstream 128-QAM TCM symbol mapping MUST be as shown in figure 6-28.

If differential quadrant encoding is enabled, then the currently-transmitted symbol quadrant is derived from the
previously transmitted symbol quadrant and the current input bits via table 6-4. If differential quadrant encoding is
enabled, the upstream PM D sublayer MUST apply these differential encoding rulesto all transmitted symbols
(including those that carry preamble bits). Differential quadrant encoding is only available for QPSK and 16-QAM on
TDMA channels. In table 6-4, 1(1)Q(1) refersto x2x! and x4x3 from table 6-3 for QPSK and 16-QAM cases
respectively.

Table 6-4: Definition of Differential Quadrant Coding

Current Input Bits Quadrant MSBs of Previously MSBs for Currently

(1) Q(1) Phase Change Transmitted Symbol Transmitted Symbol
00 0 11 11
00 0 01 01
00 0 00 00
00 0 10 10
01 90 11 01
01 90 01 00
01 90 00 10
01 90 10 11
11 180 11 00
11 180 01 10
11 180 00 11
11 180 10 01
10 270 11 10
10 270 01 11
10 270 00 01
10 270 10 00
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QPSKO: E, = 128 (Gconst =-1.18 dB rel to 64 QAM)
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Figure 6-20: Symbol Constellations
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Q
Label bits x*x" (I, Q)
01 11
» |
00 10

Figure 6-21: QPSK Gray and Differential Symbol Mapping

‘Q Label bits x*x*x'
A
111 101
/ 011
110
> |
010 001

/2/ 2

100 Gr_a)ll-ct::_ode
000 violation

Figure 6-22: 8-QAM Symbol Mapping
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Label bits x*x*x*x"
Q Q
0111 — o101 —|— 1101 — 1111 0111 — 0110 —— 1101 — 1111
0110 — 0100 —— 1100 — 1110 0101 — 0100 —— 1100 — 1110
> | >
0010 — 0000 — | — 1000 — 1010 0010 — 0000 —{— 1000 — 1001
0011 — 0001 —}— 1001 — 1011 0011 o001 | 1010 1011
(@ C_;ray-Coded (b) Mapping for Differential
Mapping (I, Q, I, Q) Encoding

Figure 6-23: 16-QAM Symbol Mapping

Q  Label bits x*x*x3x

11111 11010 10010 10111

SN N 20N

11101 11011 o1of0 10110

N VN o7

11001 01011 01110~ _ 11110

11000 01001 01111 00110
[}

1 > |
01000 01101 00111 00010

(2N N S N
10000 01100 00101 /0001 1\
7 \‘ \ \
%1 002/" 00100 00001 10011
10101 11100 i 00000 10001

2
Gray-code violation

Figure 6-24: 32-QAM Symbol Mapping
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— 110100 — 110110 — 111110 — 111100

011101 — 011111 — 010111 — 010101 —— 110101 — 110111 — 111111 — 111101
011001 — 011011 — 010011 — 010001 —+— 110001 — 110011 — 111011 — 111001
011000 — 011010 — 010010 — 010000 —— 110000 — 110010 — 111010 — 111000

> |
001000 — 001010 — 000010 — 000000 —}— 100000 — 100010 — 101010 — 101000
001001 — 001011 — 000011 — 000001 —4— 100001 — 100011 — 101011 — 101001
001101 — 001111 — 000111 — 000101 —— 100101 — 100111 — 101111 — 101101

001100 — 001110 — 000110 — 000100 —

— 100100 — 100110 — 101110 — 101100

Figure 6-25: 64-QAM Symbol Mapping

Binary labels x°x’
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Figure 6-26: QPSK and 8-QAM TCM Symbol Mapping
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where § isavector, [S, 127, S 126+ S

Octal labels 0°0" (= bin. labels x*x*x*x")
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13 — 16 ——f— 07 — 12
04 — 01 —F— 00 — 15
17 — 02 ——}— 03 — 06
10 — 05 —}— 14 — 11
Subset BO

Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

3,21

Figure 6-27: 16-QAM and 32-QAM TCM Symbol Mapping

64 QAM: octal labels 0%0'
(= bin. labels x*x*x*x")

43 146 - 77 162 —|— 2326 - 57 42
5:4*5:1*7:0’6:5**3:4*3:1*5:0*4:5
2‘7*3‘2*1‘3*1‘6*70‘7*1‘277‘3*7‘6
20-35-04 - 01 00 1564 - 61
L L1 ]
63 - 6‘6 1‘7 0‘2f70‘3*0‘673‘7*2‘2
7‘4 71*1‘0 05*71‘4*1‘173‘0 2‘5
4‘7 52 33 3‘6*76‘7 72 53 56
407 55 241 21 | 180+ 75 -1a4r 41
Subset BO

103 111 173 141] 043 051 133 101
108 114176 144 046 054" 136 104
135" 127 165 157 [ 075 | 067 125 117
130" 423 160 1527 070" 062" 1207112
053 061 023 031 [013 "021 163 171
056 064 026 034 016" 024 166 174
045 077 0157007 ] 005" 037 155 147
040 072 '0107'002" 000 082 150 142

Octal labels 0’0" (= bin. labels x*x*x*x*x")
23 31 13 21
N/ N
26 34 16 24
. / N L 5 N
15 07 05 37
10 02 |00 32
11
B o] 03
06 14
36\ ) 04 \ N AN
17 27
% 3B
20 12 30 22
Subset B1
128 QAM: octal labels
(= bin. labels xx®x°x*x x2x1)

143 151 033 001 003 011 073 041
1 46 1 54 036 004 006 01 4 076 044
175 167 025 017 035 027 065 057
1 70 1 62 020 01 2 030 022 060 052
113 121 063 071 153 161 123 131
116 124 066 074 156 164 126 134
105 137 055 047 145 177 115 107
100 132 050 042 140 172 7110 102

Subset B1

Figure 6-28: 64-QAM and 128-QAM TCM Symbol Mapping

S-CDMA Spreader

The basis of signal transmission with SSCDMA is direct-sequence spread-spectrum modulation. SSCDMA employs a
family of orthogonal digital code words, called spreading codes, to simultaneoudly transmit up to 128 modulation
symbols. In each spreading interval, a vector Pk is transmitted such that:

Pk = S(* C,

in spreading interval k and C isa matrix:

C 127,127

C
126,127
C=

c 0,127

C 127,126 C 127,0
Ci26,126 Cuso | _
Co126 Co0

ETSI
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X126 X -1
1 1 1 1]

ol, of modulation symbols on the integer grid of clause 6.2.14 to be transmitted
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where the rows of C are the 128 spreading codes such that code i = [C; 157, C; 126+ G ol- The matrix C may be written
in shorthand form in terms of its rows as follows:

[ code 127 |
code 126
code 2
code 1

codeO |

The result of the spreading operation is the transmission vector P, which has 128 elements, (py 127, Pk 126+ Pk 0)»
where each element is transmitted at the signalling rate, with element p,  transmitted first in time. The first element S,

into the spreader is defined as follows. As a point of reference, for 128 allocated codes and considering the first column
of the framer (k = 0), S; is the first symbol in time to enter the framer, occupies the lower |eft element of the framer and

isthe first element into the spreader.

The set of orthogonal codes used for the spreading operation is quasi-cyclic and consists of values which are either +1
or -1. Code O consists of 128 elements, each of which has value +1. For each of the other spreading codes, code i, the
element ¢; o is-1 and the remaining elements are obtained by a cyclic shift of a sequence x asis shown in the above

matrix in this clause.

The sequence x; is defined such that the elements corresponding to the following set of indices are equal
to-1:

{234567910111316 1718192021 25 26 28 30 31 33 34 35 37 39 40 41 49 51 52 55 56 59 60 61 65 66
676972737477 787981849092 9497 100 101 103 106 109 110 111 114 117 119 121}.

The remaining elements of code 1 have avalue of +1.

Each codei is obtained by cyclic shift to the left (in the direction of increasing indices) of code (i-1), where the element
Ci o has avalue of -1 and does not take part in the cyclic shift.

Although each code is defined to have equal power, the spread symbols may have slightly unequal power since the
symbols at the input to the spreader have varying values of E,, according to the integer symbol grid of clause 6.2.14.

If aCM has not been assigned to use a particular codei at a spreading time interval k, then in its computation of its
transmission vector Py, it will set 5 ; to numerical zero. The assignment of codes to the CM is performed by the framer

asit assigns aburst of symbols a particular order in the two-dimensional space of codes and time. This symbol
sequencing is described in detail in clause 6.2.13.

The | and Q components of the symbols are spread using the same spreading code.

In the matrix multiple of the equation above and subsequent CM processing prior to the D/A, thereis an essential
clipping operation wherein, as an example, filtered (pulse-shaped) elements of P, in excess of some vendor-specific
absolute value are clipped (retaining complex angle) to this absolute value. This non-linear operation, deviating from
the equation above and the subsequent linear processing prior to the D/A, is essential for meeting spurious emission and
MER requirements safely and efficiently, while operating at the highest CM average transmit power levels (see

table 6-12, "User Unique Burst Parameters”).

6.2.15.1 Code Hopping

Code hopping refers to a systematic re-ordering of the rows of the original spreading matrix C, so that at each spreading
interval k, a new code matrix C, is produced. A pseudo-random number generator determines a cyclic shift of a subset

of the rows of the original matrix C. Two code hopping modes are defined: Code Hopping Mode 1 is used exclusively
with Selectable Active Codes Mode 1; Code Hopping Mode 2 is used exclusively with Selectable Active Codes
Mode 2.

In SSCDMA mode, the CM MUST support Code Hopping Mode 1. In SSCDMA mode, the CM SHOULD support Code
Hopping Mode 2. The CMTS MAY support code hopping.

ETSI
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6.2.15.1.1 Code Hopping Mode 1

In Code Hopping Mode 1, when the number of active codes N, < 128, the cyclic codes are hopped (cyclically shifted),
while code O, the all 1s code, remains fixed at the bottom of the matrix. The unused codes are located in the (128 - N,)
bottom rows of the hopped matrix C,. Thus, for N, < 127, the set of unused codes changes at each spreading interval.
When N, = 128, al codes are hopped, including code 0. The hopped spreading matrix is defined by:

Cf(k,127),127 Cf(k,127),126 Cf(k,127),0

C, (k,126),127 C, (k,126),126  *** C, (k,126),0
Ck:

Cf(k, 0),127 Cf(k, 0)126 - Cf(k, 0),0

where,

f(k,i)=

modulo(128—Ifsr _out(k)+i),128), N, =128, 0<i <127
modulo(126—Ifsr _out(k) +i),127) +1, N, <128, 1<i <127

The matrix elements ¢; ; are the elements of the original code matrix C
. k indicates the spreading interval;

. i indicates the row in the matrix;

. Ifsr_out is a pseudo-random number described in clause 6.2.15.1.3.

6.2.15.1.2 Code Hopping Mode 2

In Code Hopping Mode 2, the active codes are hopped, while the unused codes remain fixed at the bottom of the matrix.
A horizontal linein the following eguation shows the division between active and unused codes. The hopped spreading
metrix is defined by:

Cf (k,127),127 Cf (k,127),126 Cf (k,127),0
Cf (k,126),127 Cf (k,126),126 Cf (k,126),0
Cf (k,128-Na),127 Cf (k,128-Na),126  *** Cf (k,128-Na),0
Ck_
C u(128-Na-1),127 C u(128-Na-1),126 """ C u(128-Na-1),0
C u(0),127 C u(0),126 e C u(0),0

where,
f(k,i)= active_code list [ modulo(2* N ;-128-hop_number(k)+i, N,) ]

128-N, <i <127

ETSI
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The matrix elements ¢; ; are the elements of the original code matrix C:

k indicates the spreading interval;

i indicates the row in the matrix;

N, is the number of active codes;

active_code lististhelist of active codes, in increasing order, with each element in the range 0 to 127,
uisthelist of unused codes, in increasing order, with each element in the range 0 to 127,

hop_number is a pseudo-random number described in clause 6.2.15.1.3.

The following isa numerical example of Selectable Active Codes Mode 2 and Code Hopping Mode 2. Figure 6-16
shows N, = 124 active codes with unused code list u={0, 1, 5, 125}. Thus, active_code_list={2, 3,4,6,7, 8,9, 10, ...,
123, 124, 126, 127}, as annotated at the left of the figure; active _code list(0) = 2, active_code list(123) = 127, u(0) =0
and u(3) = 125. Assume that at a given spreading interval k, the pseudo-random hop generator returns a val ue of
hop_number = 0. (Thisresults in the same matrix that would occur with code hopping turned off). The spreading matrix
C,. consists of the unused codes at the bottom and active codesin increasing order on top:

[ code 127
code 126
code 124
code 123

code 8
code 7
code 6

C, =| code4

code 3

code 2

code 125
code5
code 1

| codeO |
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At another spreading interval, if hop_number = 3, the active-code rows are cyclically shifted vertically by 3 rows, while
the unused codes remain fixed and the spreading matrix C, becomes:

[ code 123
code 122
code 121
code 120

code 9
code 8
code 7
code 6
code 4

C,=| code3
code 2

code 127

code 126

code 124

code 125
code 5
code 1

| codeQ |

6.2.15.1.3 Code hopping generator

The pseudo-random number generator, which determines the spreading matrix reordering during code hopping, utilizes
the linear-feedback shift register (LFSR), shown in figure 6-29. In order to align the CM's code-hopping pseudo-random
sequence with that of the CMTS, the pseudo-random generator must output the following value at the first spreading
interval of each frame:

Ifsr_out(frame_number * spreading_interval_per_frame)

where Ifsr_out(k) isthe value of Ifsr_out, after k shift register updates, following the code hopping seed load into the
LFSR. The bits are defined as Ifsr_out 7:1 = s7:1, where sis the shift register contents and Ifsr_out bit 7 is considered
the MSB. In Code Hopping Mode 1, a shift register update equates to one shift of the LFSR. In Code Hopping Mode 2,
a shift register update equates to 15 shifts of the LFSR.

The description of the frame counter and the procedures for its synchronization are contained in clause 6.2.12.2, "Mini-
slot Numbering". At thisreset, a 15-bit initialization value (seed) is loaded into the shift register and is used at the first
spreading interval. The 15-bit seed value is configured in response to the Upstream Channel Descriptor message from
the CMTS.

At each subsequent spreading interval k, the LFSR is updated. The code hopping mechanism (LFSR and spreading
interval index k) is advanced, every spreading interval (128 modulation intervals), in both spreader-on and spreader-off
frames.
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Initialization value (seed) Code h . de 1
ode hopping mode 1:

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ { clock once before each

use

Code hopping mode 2:

12 13 14 15
Fﬂ s15 clock 15 times before
dl each use

» [fsr_out
Ifsr out=s7-1 s15:8 (output for code hopping
- ’ . . ’ mode 1)
word assemble
y15:1 =[s7:1, s15:8]
y y15=MSB
y1=LSB
Divide
Number of active codes Na by floor hop_number
2M5 (output for code hopping
mode 2)

Figure 6-29: Code Hopping Random Number Generator

6.2.15.1.3.1 Code Hopping Mode 1 pseudo-random number generation

In Code Hopping Mode 1, the LFSR is updated by clocking it once before each use on each spreading interval. The
output Ifsr_out is used to compute the spreading matrix indices, as given by the equation for Code Hopping Maode 1
above.

6.2.15.1.3.2 Code Hopping Mode 2 pseudo-random number generation

In Code Hopping Mode 2, the LFSR is updated by clocking it 15 times before use on each spreading interval, thereby
flushing it to reduce the correlation between hops. The LFSR contents are then scaled to produce an approximately
uniform distributed pseudo-random hop number in the range 0 to N, - 1. The scaling consists of the following

operation:

hop_ number = floor ( hzlfsyj
In this equation, N, is the number of active codes and y is the result of assembling the output of the LFSR into a 15-bit

word as follows: Bits 7:1 of the LFSR are mapped to the most significant 7 bits of y: The remaining bits 15:8 of the
LFSR are used asthe least significant 8 bitsof y. That is, y15:1 = [s7:1, s15:8], where y15 is considered the MSB. The
output hop_number is used to compute the spreading matrix indices, as given by the equation, for Code Hopping
Mode 2 above.

Full precision MUST be maintained in the multiplication of N, *y. The product MUST then be truncated, discarding the

15 L SBs, as shown in the figure. Or, equivalent processing may be used that produces the same hop_number output
under all input conditions. The use of the full 15 bits of the LFSR provides a dithering effect which prevents " clumping"
in the hopping distribution.
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6.2.16 Transmit Pre-Equalizer

A transmit pre-equalizer of alinear equalizer structure, as shown in figure 6-30, MUST be configured for each upstream
channel used by the CM in response to the Ranging Response (RNG-RSP) message transmitted by the CMTS.

There are two modes of operation for the pre-equalizer of aCM: DOCSIS 1.1 mode and DOCSIS 2.0 pre-equalization
mode: In DOCSIS 1.1 mode, the CM MUST support a (T)-spaced equalizer structure, with 8 taps. The pre-equalizer
MAY have 1, 2, or 4 samples per symbol, with a tap length longer than 8 symbols. In DOCSIS 1.1 pre-equalization
mode, for backwards compatibility, the CMTS MAY support fractionally spaced equalizer format (T/2 and T/4). In
DOCSIS 2.0 pre-equalization mode, the pre-equalizer MUST support asymbol (T)-spaced equalizer structure with

24 taps.

In DOCSIS 1.x-only logical channels (type 1 logical channels[18]), the CM and the CMTS MUST use DOCSIS 1.1
pre-equalization mode.

In DOCSIS 2.0-only or DOCSIS 3.0-only logical channels (type 3 or type 4 logical channels[18]), the CM and the
CMTSMUST use DOCSIS 2.0 pre-equalization mode.

In DOCSIS 1.x/2.0 mixed logical channels (type 2 logical channels[18]), the CM and the CMTS MUST use

DOCSIS 1.1 pre-equalization mode from initial ranging until DOCSIS 2.0 mode is enabled or until Multiple Transmit
Channel mode is enabled in the registration process (if either is enabled). The CM and CMTS MUST use DOCSIS 2.0
pre-equalization mode after DOCSIS 2.0 is enabled for the CM. In the case that a CM is placed into Multiple Transmit
Channel mode, the CM and CMTS use DOCSI'S 2.0 pre-equalization for all bursts on type 2 logical channels whether
the burst descriptor in the UCD for the transmitted burst isa Type 4 or Type 5 burst descriptor.

I-Q Input [ " "

e e -

F2

Equalizer
Output

Figure 6-30: Transmit Pre-Equalizer Structure

The RNG-RSP MAC message carries the CM transmit equalization information and may instruct the CM to either
convolve the equalizer coefficients, or (in DOCSIS 2.0 pre-equalization mode only) load them directly. Whenthe CM is
instructed to convolve the transmit equalizer coefficients, it MUST convolve the coefficients sent by the CMTS in the
RNG-RSP with the existing coefficients, to get the new coefficients. After convolving, the CM MUST truncate the
convolution result, such that 24 taps (8 tapsin DOCSIS 1.1 pre-equalization mode) remain after the truncation, with the
main tap located at the tap designated by the last RNG-RSP received by the CM. The operation of the convolution is
formulized by the following equation:

min(24-L™? n+ L™ - L™ 1) A
an+l= Z [=3a o[y mi, n=1..24

n—k+LM—L™!
k=max(1-L™L n L™ - L™ 24)
where:

F ™ are the coefficients prior to the convolution;

F ™ are the coefficients after the convolution;

A

F |, arethe coefficients sent from the CMTS;
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L™ isthe main tap location prior to the convolution;

L™ isthe main tap location after the convolution as dictated by the CMTS.

In DOCSIS 2.0 pre-equalization mode, the CMTS MAY instruct the CM to |load the transmit pre-equalizer coefficients.
When the CM isinstructed to load the transmit equalizer coefficients, it MUST load the coefficients sent by the CMTS
into the pre-equalizer coefficients after proper normalization, if necessary.

In DOCSIS 1.x-only logical channels, in responseto aninitia ranging request and periodic ranging requests prior to
CM registration, when the CMTS sends the pre-equalizer coefficients, the CMTS MUST compute and send them with
an equalizer length of 8 and in T-spaced format, where T is the modulation interval. After registration, the CMTS MAY
use afractionally spaced equalizer format (T/2- or T/4-spaced), with alonger tap length, to match the CM pre-equalizer
capabilities that the CMTS learned from the REG-REQ message modem capabilities field.

In DOCSIS 2.0-only or DOCSIS 3.0-only logical channels, the CMTS MUST compute and send the pre-equalizer
coefficients with an equalizer length of 24 and in T-spaced format, at al times.

In DOCSIS 1.x/2.0 mixed logical channels, in response to an initial ranging request and periodic ranging requests prior
to CM registration, when the CM TS sends the pre-equalizer coefficients, the CMTS MUST compute and send them
with an equalizer length of 8 and in T-spaced format. After registration, if the DOCSIS 1.1 pre-equalization mode is
enabled, the CMTS MAY use afractionally spaced equalizer format (T/2- or T/4-spaced), with alonger tap length, to
match the CM pre-equalizer capabilities that the CMTS learned from the REG-REQ message modem capabilities field.
If DOCSIS 2.0 pre-equalization mode or Multiple Transmit Channel mode is enabled for the CM, the CMTS MUST use
a T-spaced equalizer structure with 24 taps. If the first update of the pre-equalizer after the activation of DOCSIS 2.0
pre-equalization mode uses "convolve' mode, the CM MUST zero-pad the existing 8-tap filter to a 24-tap filter and
convolve, according to the rules above.

Prior to making an initial ranging request and whenever the upstream channel frequency or upstream channel
modulation rate changes, the CM MUST initialize the coefficients of the pre-equalizer to a default setting in which all
coefficients are zero, except the real coefficient of thefirst tap (i.e. F;). Whenever the main location is changed, the

CM, not the CMTS, MUST compensate for the delay (ranging offset), due to a shift from the previous main tap
location, to a new main tap location of the equalizer coefficients, sent by the CMTS (in both "convolve" and "load"
operations). The pre-equalizer coefficients are then updated through the subsequent ranging process (unicast initial
ranging and periodic ranging).

In DOCSIS 1.1 pre-equalization mode, the CMTS MUST NOT move the main tap location during periodic ranging.

In DOCSIS 1.1 pre-equalization mode, the CMTS MUST NOT instruct the CM to load the transmit equalizer
coefficients.

In DOCSIS 2.0 pre-equalization mode, the CMTS MAY move the main tap location during unicast initial ranging or
periodic ranging.

Equalizer coefficients may be included in every RNG-RSP message, but typically they only occur when the CMTS
determines that the channel response has significantly changed. The frequency of equalizer coefficient updatesin the
RNG-RSP message is determined by the CMTS.

The CM MUST normalize the transmit equalizer coefficients in order to guarantee proper operation (such as not to
overflow or clip). The CM MUST NOT change its target transmit power due to gain or loss of the new coefficientsin
both "convolve" and "load" operations. The target power is defined in clause 6.2.19, "Transmit Power Requirements'.

In DOCSIS 1.1 mode, if the CM equalizer structure implements the same number of coefficients as assigned in the
RNG-RSP message, then the CM MUST NOT change the location of the main tap in the RNG-RSP message. If the CM
equalizer structure implements a different number of coefficients than defined in the RNG-RSP message, the CM MAY
shift the location of the main tap value. The CM MUST adjust its ranging offset, in addition to any adjustment in the
RNG-RSP message, by an amount that compensates for the movement of the main tap location.
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6.2.17 Spectral Shaping

The CM upstream transmitter MUST approximate a Nyquist square-root rai sed-cosine pul se-shaping filter with roll-off
factor alpha=0,25. For operation with a DOCSIS 3.0 CMTS (unlessthe CM TS is operating as a pre-3.0 DOCSIS
CMTYS), the CM -30 dB transmitted bandwidth MUST NOT exceed the Channel Width valuesin table 6-5. For
backward compatibility with a CMTS operating as a pre-3.0-DOCSIS CMTS, the CM -30 dB transmitted bandwidth
MUST NOT exceed the Channel Width valuesin table 6-6. The Channel Width values are given analytically by:

Channel Width = Modul ationRate* (1+al pha).

Table 6-5: Maximum Channel Width for Operation with a DOCSIS 3.0 CMTS

Modulation Rate (kHz) Channel Width (kHz)
1280 1 600
2 560 3200
5120 6 400

Table 6-6: Maximum Channel Width for Operation with a pre-3.0-DOCSIS CMTS

Modulation Rate (kHz) Channel Width (kHz) Applicability
160 200 CM MAY support
320 400 CM MAY support
640 800 CM MAY support

1280 1 600 CM MUST support

2 560 3200 CM MUST support

5120 6 400 CM MUST support

6.2.17.1 Upstream Frequency Agility and Range
The CM MUST support operation over the Standard Upstream Frequency Range of 5-42 MHz.

Additionally, the CM MAY support selectable operation over a) the Standard Upstream Frequency Range of 5-42 MHz,
or b) the Extended Upstream Frequency Range of 5-85 MHz, edge to edge.

Offset frequency commands MUST be supported per table 6-12.

6.2.17.2 Spectrum Format

The upstream modulator MUST provide operation with the format s(t) = I(t)* cos(wt) - Q(t)* sin(wt), wheret denotes
time and » denotes angular frequency.

6.2.18 Relative Processing Delays

The CM MAP processing delay isthe time provided between arrival of the last bit of a MAP message at a CM and the
effectiveness of this MAP. During thistime, the CM should process the MAP message and fill itsinterleavers (or its
framer, in SSCDMA mode) with encoded data. The CMTS MUST transmit the MAP message early enough to allow the
CM MAP processing delay, as specified below.
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For aCM in MTC mode, the CM MAP processing delay, Dp, is given by the equations:

M
D, =600 +——us

5.12
IN,, I,#0

M =
B, I =0

r r

where M is the number of elementsin the CM interleavers (in the case of TDMA), or framer (in the case of SSCDMA).
If there is no upstream interleaving or SSCDMA framing, M = 0. Note that in the above equations, the values for B, and

[,*N, are taken to be the maximum from all of the specified burst typesin a particular UCD.

In SCDMA mode, M = 128(K+1), where K isthe number of spreading intervals per frame. Thisisthe time required for
processing an S-CDMA frame, plus an extra spreading interval. For example, in the case of K = 32, which corresponds
to the maximum framer size, the CM MAP processing timeis 1 425 pus.

For aCM not operating in MTC mode, the CM MAP processing delay, Dp, is given by the equation with M being
equivalent to what is specified above:

M
D =200+ ——usec
P 512"

NOTE 1: The CM MAP processing delay does not include downstream FEC de-interleaving delay.

NOTE 2: The"effectiveness of the MAP' relates to the beginning of the burst frame at the RF output of the CM. In
the SSCDMA mode, "effectiveness of the MAP" relates to the beginning (at the RF output of the CM) of
the first spreading interval of the SSCDMA frame which contains the burst.

6.2.19 Transmit Power Requirements

The following requirements apply with Multiple Transmit Channel mode enabled. Requirements with Multiple
Transmit Channel mode disabled are addressed in clause 6.2.19.4.

The CM MUST support varying the amount of transmit power. Requirements are presented for 1) range of reported
transmit power per channel; 2) step size of power commands; 3) step size accuracy (actual change in output power per
channel compared to commanded change); and 4) absolute accuracy of CM output power per channel. The protocol by
which power adjustments are performed is defined in [18]. Such adjustments by the CM MUST be within the ranges of
tolerances described below. A CM MUST confirm that the transmit power per channel limits are met after a RNG-RSP
isreceived for each of the CM's active channelsthat is referenced. An active channel for a CM is defined as any channel
for which the CM has been given a grant, which it will use for channel initialization, or ranging, or any channel for
which the CM is"ranged". The set of "active channels" is also called the Transmit Channel Set. (There will be some
mechanism by which aCMTS can command a CM to deactivate an active channel, for the purpose of either reducing
the number of active channels on that CM or for the purpose of adding a different active channel as a replacement
upstream channel for that CM.) Note that the set of channels actually bursting upstream from a CM is a subset of the
active channels on that CM; often one or al active channels on a CM will not be bursting, but such quiet channels are
still "active channels' for that CM.

Transmit power per channel is defined as the average RF power in the occupied bandwidth (channel width) transmitted
in the data symbols of a burst, assuming equal likely QAM symbols, measured at the F-connector of the CM. Total
transmit power is defined as the sum of the transmit power per channel of each channel transmitting aburst at a given
time. Maximum and minimum transmit power per channel level requirements refer to the CM's target transmit power
per channel levels, defined as the CM's estimate of its actual transmit power per channel. The actual transmitted power
per channel MUST be within 2 dB of the target power. The target transmit power per channel MUST be variable over
the range specified in table 6-12. The target transmit power per channel MAY be variable over arange that extends
above the maximum level s specified in tables 6-7, 6-8 and 6-9. The CM MUST NOT exceed atarget transmit power
level per channel of 61 dBmV. Note that all fidelity requirements specified in clause 6.2.22 still apply when the CM is
operating over an extended transmit power range.
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The CM communicates its ability to transmit above the maximum levels defined in tables 6-7, 6-8 and 6-9 to the CMTS
viaa modem capability encoding as defined in [18]. When the CM indicates that it supports the extended range and the
CMTS confirms this capability, for each combination of the number of channelsin the Transmit Channel Set and
constellation the CM and CMTS MUST use the greater of the value from the CM's advertised capability encoding and
the default value of P, specified in tables 6-7, 6-8 and 6-9 as P, for that particular combination. When the CM

indicates that it supports the extended range and the CM TS disables this capability, the CM and CMTS MUST use the
default values of P, specified in tables 6-7, 6-8 and 6-9.

With Multiple Transmit Channel mode enabled, let P4 = Py, _ P,, for each channel, using the definitions for P,; and P,
in the subclauses of clause 6.2.19. The channel corresponding to the minimum value of P is called the highest |oaded
channel and its value is denoted as Py, 1, in this specification even if thereis only one channel in the Transmit

Channel Set. A channel with high loadi n_g hasalow P, 44 p, value (but not less than 0); the value of P,y ,isanaogous

to an amount of back-off for an amplifier from its max power output. A channel has lower power output when that
channel has alower loading (more back-off) and thus a higher value of Py, ,. Note that the highest loaded channel is

not necessarily the channel with the highest transmit power, since a channel's max power depends on the modulations it
is supporting in its burst profiles. The channel with the second lowest value of P, is denoted as the second highest

loaded channel and itsloading value is denoted as P, »; the channel with the third lowest value of P isthe third
highest loaded channel and its loading valueis denoted as Pioad 3 @nd the channel with the fourth lowest loading value
is denoted as the fourth highest loaded channel and itsloading valueis P,y 4 (in the case of fewer than 4 channelsin
the Transmit Channel Set, P4 , Will only be valid for the n active upstream channels). Pioad min set defines the upper
end of the Dynamic Range Window for the CM with respect to Py, for each channel. Py min_ SHTNiII limit the
maximum power possible for each active channel to a value less than P,; when Py 1nin ;x is greater than zero.

Pioad min <t 1S avalue commanded to the CM from the CMTS when the CM is gi ven aTCC in registration and
RNG-RSP messages [18]. Pload min set Pload nv Pri v Pr n, €tC., are defined only when Multiple Transmit Channel
mode is enabled. - I

The CMTS MUST provide Pigyy min set SUCh that Py ) - Pigag min set = Piow n fOr €ach active channel, or equivalently,

0= Pigad_min_set = Phi_n~Piow n

CMTS commands adjusting P, ,, MUST be consistent with the Py 4q min st Previously assigned to the CM and with the
following limits:

I:’Ioad_mi n_set = I:)hi_n - I:)r_n = I:’Ioad_mi n_set +12dB
and the equivalent:
I:’hi_n - (Pload_mi n_set +12dB) < Pr_n = I:’hi_n - I:’Ioad_mi n_set

A valueis computed, Pyg,, myiii n for each channel in the Transmit Channel Set, which sets the lower end of the
transmit power Dynamic Range Window for that channel, given the upper end of the range (which is determined by
Pload_min_set)-

I:’Iow_multi_n = I:’hi_n - I:’Ioad_min_set -12dB

The effect of P,y myii_n iSto restrict the dynamic range required (or even allowed) by a CM acrossits multiple
channels, when operating with multiple active channels.
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When the CMTS sends a new value of Pjg min st t0 the CM, there is a possibility that the CM will not be able to

implement the change to the new value immediately, because the CM may be in the middle of bursting on one or more
of its upstream channels at the instant the command to change P, oy min st IS received at the CM. Some amount of time

may elapse before the CMTS grants global reconfiguration time to the CM. Similarly, commanded changesto P, , may
not be implemented immediately upon reception at the CM if the nth channel is bursting. Commanded changes to P
may occur simultaneously with the command to change Pjoq min set- The CMTS SHOULD NOT issue achangein
Pload_min _set fter commanding achangein P, until after also providing a sufficient reconfiguration time on the

nth channel. The CMTS SHOULD NOT issue achange in Pioay min st &t€r commanding a prior change in oy min set

until after also providing a global reconfiguration time for the first command. Also, the CMTS SHOULD NOT issue a
changein P, ,, @) until after providing a global reconfiguration time following a command for a new val ue of

Pload min set @1d b) until after providing a sufficient reconfiguration time on the nt channel after issuing a previous
changein P - In other words, the CMTS isto avoid sending consecutive changesin P, ,, and/or Po.y min <t t0 the CM
without a sufficient reconfiguration time for instituting the first command. When a concurrent new val ue of Pload min set
and changein P, , are commanded, the CM MAY wait to apply the changein P, |, at the next global reconfigurat_ion_
time (i.e. concurrent with the institution of the new val ue of Pload min set) rather than applying the change at the first
sufficient reconfiguration time of the nth channel. The value of Plgad ;in <t Which appliesto the new P, , isthe
concurrently commanded Py,q min st VAUe and thusif the change to Pr_n falls outside the Dynamic Range Window of

the old Pigaq min ser- thenthe CM MUST wait for the global reconfiguration time to apply the changein P, .

The CM MUST ignore the command to increase the per-channel transmit power if such a command would cauise Pig
for that channel to drop below Py min - Note that the CMTS can allow small changes of power in the CM's highest

loaded channel, without these fluctuations impacting the transmit power dynamic range with each such small change.
Thisis accomplished by setting Pioad min_set 1O asmaller value than normal and fluctuation of the power per channel in

the highest loaded channel is expected to wander. The CM also MUST ignore any commanded change of per channel
transmit power which would result in P falling below the Dynamic Range Window, i.e. lower power than permitted

by the Dynamic Range Window, which is determined by Pg.q min <. The CM aso MUST ignore a command changing
Pload_min _set SUch that existing values of P, , would fall outside the new Dynamic Range Window.

The following two paragraphs define the CM and CM TS behaviour in cases where there are Dynamic Range Window
violations due to indirect changesto Py; , or addition of anew channel with incompatible parameters without direct

change of P, |, 0r Poag min set-

A change in the number of active channels changes Py; |, of the existing active channels (due to different P, |,

calculation tables for different number of active channels). Prior to changing the number of active channels, the CMTS
SHOULD change P, |, of all current active channels, if necessary, to fit in the new expected Dynamic Range Window.

If the changeinthe number of active channels would cause a violation of the Dynamic Range Window of one of the
existing active channels, the CM will ignore the change (i.e. not adding/removing an active channel). In such case, the
CM will also indicate partial service message in the REG-ACK or DBC response [18].

When adding a new active channdl to the transmit channel set, the new channel's power is calculated according to the
offset value defined in TLV 46.8.4 [18], if it is provided. The CMTS SHOULD NOT set an offset value that will result
inaP, , for the new channel outside the Dynamic Range Window. In the absence of the TLV, the new channel's power

isinitially set by the CM at the minimum allowable power, i.e. the bottom of the Dynamic Range Window.

If one of the new active channels added by the change in the number of active channels violates the Dynamic Range
Window, the CM will ignore the change (i.e. not adding/removing an active channel). In such case, the CM will also
indicate partial service message in the REG-ACK or DBC response [18].

For aUCD change, Py; ,, may change due to a change in the modulation types. Additionally a UCD change that
modifies the Symbol Rate may result in achangein P, ,. The CMTS MUST NOT send a UCD change for the nth
active channel that violates P 1, - Pigag min set = Piow n._lf aUCD changesthe P, |, for the n'f active channel [18], the
CM setsP, =P n-Pioad n for that channel, when the change count of the MAP matches the change count in the new
UCD. The new (changed) P_hi n and the current P4 ,, are used in the calculation. The CM maintains P, , at itsvalue
at the time the MAP change count matches the new UCD change count and calculates anew P, , and targ& power for
the channel, to be applied for bursts granted in the MAP with change count matching the changE count in the new UCD.
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The change in the transmit power P, , due to the recalculation with the new Py , is not considered a change in the
"commanded" transmit power, for example asin clauses 6.2.19, 6.2.20 and 6.2.22 and thus this change is required to be
transparent on al active channels continuously bursting throughout such a change. The CM is expected to meet all
requirements without need of global reconfiguration time, even with the induced changein P, |,, unless, of course, other

parameters are changed which do imply the CM should be provided a global reconfiguration time.

The spurious performance requirements of clauses 6.2.22.1, 6.2.22.1.1 and 6.2.22.1.2 apply when the CM is operating
within certain ranges of values for P,y ,, for n =1 to the active number of upstream channels and for certain ranges of

the number of spreading codes being transmitted as a fraction of the total number of active codes on a channel for
S-CDMA channels, as detailed in those clauses.

Transmit power per channel, for each channel, as reported by the CM in the MIB, isreferenced to the 64-QAM
congtellation. When transmitting with other constellations, a dlightly different transmit power will result, depending on
the constellation gain in tables 6-7, 6-8 and 6-9. As an example, if the reported power in a channel is 30 dBmV,
64-QAM will be transmitted with atarget power of 30 dBmV in that channel, while QPSK will be transmitted with

28,82 dBmV in that channel.

Table 6-7: Constellation Gains and Per Channel Power Limits with
One Channel in the Transmit Channel Set

Constellation Pmin p P P Prmax - Prmax -
Constellation Gain _GCO“S‘ (dBmV) (d erng) (d erng) Geonst Geonst Geonst
Relativeto | | | \ | 4 | TDMA | S-CDMA | (aBmv) | (@BmV) | (dBmV)
64-QAM (dB) @dBmV) | tpma | S-CDMA
QPSK -1,18 17 20 23 61 56 18,18 62,18 57,18
8-QAM -0,21 17 20 23 58 56 17,21 58,21 56,21
16-QAM -0,21 17 20 23 58 56 17,21 58,21 56,21
32-QAM 0,00 17 20 23 57 56 17,00 57,00 56,00
64-QAM 0,00 17 20 23 57 56 17,00 57,00 56,00
128-QAM 0,05 17 20 23 N/A 56 16,95 N/A 55,95
NOTE: P, is afunction of Modulation Rate, with L = 1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.
Table 6-8: Constellation Gains and Per Channel Power Limits with
Two Channels in the Transmit Channel Set
Constellation Pmin P P P - Prmax - Prmax -
Constellation Gain .Gconst (dBmV) d erng) «d erng) Geonst Geonst Geonst
Relativeto | |\ | TDMA | S-CDMA | (@Bmv) | @BmV) | (dBmV)
64-QAM (dB) dBmV) | tpma | S-CcDMA
QPSK -1,18 17 20 23 58 53 18,18 59,18 54,18
8-QAM -0,21 17 20 23 55 53 17,21 55,21 53,21
16-QAM -0,21 17 20 23 55 53 17,21 55,21 53,21
32-QAM 0,00 17 20 23 54 53 17,00 54,00 53,00
64-QAM 0,00 17 20 23 54 53 17,00 54,00 53,00
128-QAM 0,05 17 20 23 N/A 53 16,95 N/A 52,95
NOTE: Prmin is a function of Modulation Rate, with L =1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.
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Table 6-9: Constellation Gains and Per Channel Power Limits with
Three or Four Channels in the Transmit Channel Set

Constellation Pmin p p P Pax - Prmax -
Consteliation | (21 e T @Bmv) | @BmV) | Gions (S Bmv) (S Bmv)
m m
64-QAM (dB) L M H TDMA S-CDMA (dBmV) TDMA S-CDMA
QPSK -1,18 17 | 20 | 23 55 53 18,18 56,18 54,18
8-QAM -0,21 17 | 20 | 23 52 53 17,21 52,21 53,21
16-QAM -0,21 17 | 20 | 23 52 53 17,21 52,21 53,21
32-QAM 0,00 17 | 20 | 23 51 53 17,00 51,00 53,00
64-QAM 0,00 17 | 20 | 23 51 53 17,00 51,00 53,00
128-QAM 0,05 17 | 20 | 23 N/A 53 16,95 N/A 52,95
NOTE: P, is afunction of Modulation Rate, with L = 1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.

The actual transmitted power per channel, within aburst, MUST be constant to within 0,1 dB peak to peak, eveninthe
presence of power changes on other active channels. This excludes the amplitude variation, which is theoretically
present due to QAM amplitude modulation, pulse shaping, pre-equalization and for SCDMA, spreading and varying
number of allocated codes.

The CM MUST support the transmit power cal culations defined in clauses 6.2.19.1 and 6.2.19.2.

6.2.19.1

TDMA Transmit Power Calculations

In TDMA mode, the CM determines its target transmit power per channel P, asfollows, for each channel that is active.
Define for each active channel, for example, upstream channel X:

. P, = Reported power level (dBmV) of CM in MIB (refers to 64-QAM constellation) for channel X.

e AP =Power level adjustment (dB), for example, as commanded in ranging response message.

. Geongt = Constellation gain (dB) relative to 64-QAM constellation (see tables 6-7 to 6-9).

. Prin = Minimum target transmit power per channel permitted for the CM per clause 6.2.19 (see tables 6-7 to

6-9).

. Prmax = Maximum target transmit power permitted for the CM per clause 6.2.19 (see tables 6-7 to 6-9).

. Ppi = Min(Ppax - Geongy) OVer al burst profiles used by the CM in channel X (see tables 6-7 to 6-9).

I:’I ow

= max(P,

min ~

Geong) Over al burst profiles used by the CM in channel X (see tables 6-7 to 6-9).

. P, = Target transmit power per channel level (dBmV) of CM in channel X (actual transmitted power per
channel in channel X as estimated by CM).

In the event of a UCD which changes the P, for an active channel [18], the CM sets P, = P;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.

The CM updates its reported power per channel in each channel by the following steps:

1) P, =P, +AP//Add power level adjustment (for each channel) to reported power level for each channel.

2) P,=min[P,, Py] //Clip at max power limit per channel.
3) P,=max[P,, Py,] //Clip a min power limit per channel.

4)  Test, IF[P, < Pigu_muiil» ignore command and restore previous P, //Power per channel from this command
would violate the set Dynamic Range Window.
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5 Test, IF[P, > Py - Pigad_min_sel+ i9nore command and restore previous P, //Power per channel from this
command would violate the set Dynamic Range Window.

The CM then transmits, in channel X with target power per channel P, =P, + G
constellation gain.

const» 1-€- the reported power, plus the

Usually the reported power level isarelatively constant quantity, while the transmitted power level in channel X varies
dynamically as different burst profiles, with different constellation gains, are transmitted. A CM's target transmit power
per channel MUST never be below P, , or above P,,,,. Thisimplies that in some cases, the extreme transmit power

levels (e.g. 61 dBmV for QPSK and 17 dBmV) may not be permitted if burst profiles with multiple constellations are
active. Also, if only QPSK is used, the reported power per channel may be greater than 61 dBmV, although the target
transmit power per channel will not exceed 61 dBmV.

For example, if in channel X, only QPSK and 64-QAM burst profiles are active, P,; = 54 dBmV and P, = 18,2 dBmV
for 1 280 kHz modulation rate. P, is dependent on modulation rate. The maximum permitted QPSK transmitted
power in channel X is54 dBmV - 1,2 dB = 52,8 dBmV, the minimum QPSK power in channel X is

18,2dBmV - 1,2dB = 17 dBmV (with 1 280 kHz modulation rate), the maximum 64-QAM power in channel X is

54 dBmV and the minimum 64-QAM power in channel X is 18,2 dBmV (with 1 280 kHz modulation rate).

6.2.19.2 S-CDMA Transmit Power Calculations

In SSCDMA mode, the power calculations depend on whether the Maximum Scheduled Codes feature is enabled.

6.2.19.2.1 S-CDMA Transmit Power Calculations when Maximum Scheduled Codes Is Not
Enabled

In SSCDMA mode when Maximum Scheduled Codes is not enabled, the CM determines its target transmit power per
channel P, asfollows, for each channel which is active. Define for each active channel, for example, upstream

channel X:

. P, = reported power level (dBmV) of CM in MIB (refersto 64-QAM constellation and al active codes
transmitted) for channel X.

. Pri = Min[P 4 - Geongd Over al burst profiles used by the CM in channel X (see tables 6-7, 6-8 and 6-9).

. Plow = Max[P,in - Gl + 10 log (number_active _codes/ number_of_codes_per_mini-slot) where the
maximum is over all burst profiles used by the CM in channel X (seetables 6-7, 6-8 and 6-9).

In the event of a UCD which changes the P, for an active channel [18], the CM sets P, = Py;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.

The CM updates its reported power per channel in each channel by the following steps:
1) P, =P, + AP//Add power level adjustment (for each channel) to reported power level for each channel.
2) P,=min[P,, Py] //Clip a max power limit per channel.
3) P,=max[P, P,] //Clip a min power limit per channel.

4)  Test, IF[P, < Pigy_muit]- ignore command and restore previous P, //Power per channel from this command
would violate the set Dynamic Range Window.

5)  Test, IF[P, > Pi-Pigag min satls ignore command and restore previous P, //Power per channel from this
command would violate the set Dynamic Range Window.

In a spreader-on frame, the CM then transmits each code i with target power:

Pii = Pr + Geongtj - 10 log(number_active_codes)
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i.e. the reported power for channel X, plusthe constellation gain G, j of that code, less a factor taking into account
the number of active codes. The total transmit power in channel X, Py, in aframeis the sum of the individual transmit
powers P, ; of each code in channel X, where the sum is performed using absolute power quantities [non-dB domain].

In a spreader-off frame, the CM target transmit power in channel X isP, =P, + G, 4.

The transmitted power level in channel X varies dynamically asthe number of allocated codes varies and as different
burst profiles, with different constellation gains, are transmitted. A CM's target transmit power per channel MUST
never be below Py, or above P, including over all numbers of allocated codes and all burst profiles. Thisimplies
that in some cases the extreme transmit power levels per channel (e.g. 17 dBmV and 56 dBmV) may not be permitted.
Also, if only QPSK is used, the reported power in a channel may be greater than 56 dBmV, although the target transmit

power per channel will not exceed 56 dBmV.

If, for example, the Transmit Channel Set contains only one channel and this channel, channel X, has QPSK and
64-QAM burst profiles, the number of active codesis 128 and the number of codes per mini-dot is 2, then
P; =56 dBmV and P, = 36,24 dBmV for 1 280 kHz modulation rate. P, is dependent on modulation rate. The

maximum permitted QPSK transmitted power in channel X is56 - 1,18 = 54,82 dBmV when all active codes are
transmitted. The minimum QPSK power in channel X is 36,24 dBmV - 1,18 dB - 10log(128) dB + 10log(2) dB =

17 dBmV (with 1 280 kHz modulation rate) when one mini-slot is transmitted. The last term in the sum is the result of
summing the individual powers over two codes. Similarly, the maximum 64-QAM power in channel X is56 dBmV,
when all active codes are transmitted and the minimum 64-QAM power in channel X is 36,24 dBmV - 10log(128) dB +
10log(2) dB = 18,18 dBmV (with 1 280 kHz modulation rate) when one mini-slot is transmitted. The minimum QPSK
power permitted in channel X while transmitting, for example, 2 mini-slotsis 20 dBmV (with 1 280 kHz modulation
rate) and the minimum 64-QAM power permitted in channel X, while transmitting 2 mini-slots, is 21,2 dBmV (with

1 280 kHz modulation rate).

The CM needs to implement some form of clipping on the transmitted waveform at the higher output powersin order to
prevent Peak to Average Ratio (PAR) issues.

The power received at the CM TS in a spreader-on frame will sometimes be less than the nominal power of a spreader-
off frame because of such factors as:

1) broadcast opportunities not used by any CM;
2)  unicast grants not used by one or more CMs; or
3) mini-sotsassigned to the NULL SID.
6.2.19.2.2 S-CDMA Transmit Power Calculations When Maximum Scheduled Codes is
Enabled

In SSCDMA mode on channels on which Maximum Scheduled Codes is enabled, the CM determines its target transmit
power per channel P, as follows, for each channel which is active. Define for each upstream channel, for example,

upstream channel X:

. Pr = reported power level (dBmV) of CM in MIB (operational transmit power of the spreader-off ranging burst
referenced to 64-QAM modulation) for channel X.

. Pii s= MiN[Prax - Geonstl OVer al spreader-on burst profiles used by the CM in channel X (see tables 6-7, 6-8
and 6-9).

. Pow s= max[17 - G.y,gl + 10 log(number_active codes/number_of_codes_per_mini-slot) where the
maximum is over all burst profiles used by the CM in channel X (seetables 6-7, 6-8 and 6-9).

. Pmax T = Maximum target transmit power permitted for the CM in channel X in TDMA mode (see tables 6-7,
6-8 and 6-9) for the constellation used in ranging.

e Py 1=min[Pya 1 - Geongl Over al spreader-off burst profiles used by the CM in channel X (seetables 6-7,
6-8 and 6-9).

. Pon = P, clipped at the maximum spreader-on limit.
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. Pg = CM Power Shortfall.

. P, = SCDMA Power Headroom in dB. Equivalent to the value of the Ranging Response Message TLV-11
divided by 4.

e AP =power level adjustment in dB sent from CMTSto CM for channel X.

In the event of a UCD which changes the Phi for an active channel [18], the CM sets P, = Py;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.

The CM updates its power per channel in each channel by the following steps:

1) P, =P, +AP//Add power level adjustment (for each channel) to reported power level for each channel.
2)  P.=min[P, Phi_T] /[Clip at max TDMA power limit per channel.
3) Pr=max[P, Py, gl //Clipat min S:CDMA power limit per channel.

4)  Test, IF[P, < Pigy muiil. ignore command and restore previous P, //Power per channel from this command
would violate the set Dynamic Range Window.

5)  Test, IF[P > Py 1-Pigag min setls ignore command and restore previous P, //Power per channel from this
command would violate the set Dynamic Range Window.

6)  Pon=min[P, Py sPioag min setl //Clip at max S-CDMA power limit per channel for the multiple channel
dynamic range limitation, as set by Pigay min sat-

In spreader-off frames, the CM transmitsin channel off with target power:
Pt = Pr + Geonst

Based on the spreader-off transmit power in channel X, the CM updates its power shortfall in channel X according to
the following steps:

with only one channel in the Transmit Channel Set:

Pg =P - (56- Pload mi n_S,et) /I Difference between spreader-off and max spreader-on target powers in channdl X;
P = max[Py 0] // Set P to 0if Py islessthan 56 dBMV - Py min et iN channel X;
and with more than one channel in the Transmit Channel Set:
Pt = Py - (33 - Pioag min_set) // Difference between spreader-off and max spreader-on target powersin channel X;
Ps = max[Py, 0] // Set Pg to 0if Py islessthan 53 dBMV - Pygyy in st iN channel X.
In spreader-on frames, the CM transmits each code i with target power:
Pt i = Pon * Geong, i - 10 log(number_active_codes) + P,

i.e. the clipped reported power in channel X plus the constellation gain G,  Of that code, less afactor taking into
account the number of active codes, plus the Power Headroom Py, Py, is the power (in dB) added to account for CMs

that have maximum scheduled code limits and can transmit additional power per code. The total transmit power in
channel X, P, in aframe isthe sum of theindividual transmit powers P, ; of each code in channel X, where the sumis

performed over all N alocated codes using absolute power quantities (non-dB domain).

P =10log Z 10"

i=1
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If, for example, with more than one channel in the Transmit Channel Set and the burst profile in channel X contains
QPSK for IUCs 1, 2, 3 and 4 and 64-QAM for IUCs 9 and 10, the number of active codesis 128 and the number of
codes per mini-slot is 2, then P; g=53dBmV, Py, = 36,24 dBmV and P; 1 =58 dBmV. Assume

Pioad min st = 0dB. Assume the CM ranges channel X at spreader-off target transmit power of 57 dBmV. The CM
repor_ts for channel X Pg=57dBmV - 53dBmV =4 dB. The CMTS uses P to set for channel X (using its
vendor-specific algorithm) max_scheduled_codes = 32 and Py, = 6 dB. (The S.CDMA power headroom may differ
from the power shortfall, at the discretion of the CMTS.) The CM sets its transmitted power per code in channel X to:

Pii =Pon* Geongsi - 10 log (number_active_codes) + P,
=53dBmV +0dB - 21 dB + 6 dB // For a code with 64-QAM modulation in channel X
=38dBmV.

A parameter that may be used to illustrate the effect of increased power per codein channel X is the Effective Transmit
Power, Py, the power that would result in channel X hypothetically if all N, active codes were transmitted. It is

computed as:

N, '
Pc;;;' = IU]ongO*‘,, 10

i=l

N, )
= Rm + [);”. + 10 Iog N] Z I 0( Teonsti ! 10

act =1
where the last term is the average constellation gain.

For areference case with all codes transmitted in channel X using 64-QAM modulation (G4 = 0 dB), the effective
transmit power reduces to:

I:)eff = I:’on + I:)hr
Continuing the above example, the result is:

Py =53 dBmV + 6 dB
=59 dBmV

Limiting the number of codes has given the CM an enhanced effective power of 59 dBmV, whichis 6 dB above the
normal maximum power per channel of 53 dBmV and 2 dB above the ranging power of 57 dBmV. In this example, the
CMTS used its discretion to ask for 2 dB more enhancement in channel X than was needed (P;,, = 6 dB vs P = 4 dB),

perhaps due to some known impairment in the channel.

The effective_ SNR is an SNR estimate for a given code corresponding to the effective transmit power in channel X. It
is defined as the measured SNR at the last station maintenance, minus the CM power shortfall, plus the power
headroom, plus the difference in constellation gain between the ranging burst and the code under consideration. Its
equation is:

effective_SNR = measured_SNR - Py + P + (Ggongt i - Geong, rangi ng)
where G, ranging is the constellation gain of the ranging burst in channel X that resulted in the SNR measurement.
Inthe MIB, effective_SNR corresponds to a reference case with 64-QAM modulation (G j = 0 dB):

effective_SNR = measured_SNR - Py + Py - Geongt, ranging

Continuing the example, if the measured SNR in channel X in the last station maintenance was 17 dB, using QPSK
modulation (Geongs ranging = -1,2 dB), then the effective SNR referenced to 64-QAM modulation is:

effective SNR=17dB-4dB+6dB + 1,2dB =20,2dB
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6.2.19.3 Transmit Power Step Size

The step resolution in transmit power for each channel MUST be 0,5 dB or less. The step size accuracy MUST be
within 0,4 dB. For example, the actual power increase in achannel X resulting from a command to increase the power
level by 1 dB in aCM's next transmitted burst in channel X MUST be between 0,6 dB and 1,4 dB.

All active channels with no power change commanded MUST NOT change by more than 0,1 dB during a burst even
with a power change command to any subset of the other active channels.

After achange in the Dynamic Range Window (i.e. P|oad_min_sa), the transmit power MUST NOT change by more than

0,4 dB in any of the active channels when they resume transmission (referenced against any commanded change in their
transmit power).

A relaxation in step size accuracy to 1,4 dB is allowed for one gain change (and one setting of Dynamic Range
Window) for each 12 dB, when changing the power control range in either direction (from low-end to high-end power
and vice versa). The locations of these gain changes (increasing and decreasing to provide hysteresis), MUST be at |east
2 dB apart, thus enabling the use of large step attenuators in the coverage of the full power control range.

6.2.19.4 Transmit Power Requirements for Multiple Transmit Channel mode Not
Enabled

With Multiple Transmit Channel mode disabled, the CM MUST operate asin [12], with the following exceptions:

e Theminimum upstream power P, , used by the CM MUST be as given in table 6-10, superseding the
minimum upstream power requirementsin [12].

e TheCM MUST replace the value of 53 in the equation for P gin [12] with 56 since this value is actually
intended to be P, from table 6-7.
. Maximum upstream power prior to registration:

- If the Extended Upstream Transmit Power Support TLV inthe MDD is OFF, the CM MUST use a
maximum upstream power P, as givenin table 6-7, superseding the maximum upstream power

requirementsin [12].

- If the Extended Upstream Transmit Power Support TLV inthe MDD is ON, the CM MAY exceed the
maximum upstream power P, asgivenintable 6-7. The CM MUST NOT exceed a target transmit

power level of 61 dBmV. Note that all fidelity requirements specified in clause 6.2.22 still apply when
the CM is operating over an extended transmit power range.

. Maximum upstream power after registration:

- The CM MUST use a maximum upstream power P, asgivenin table 6-7, superseding the maximum
upstream power requirementsin [12].

Table 6-10: Minimum Transmit Power P,;, for Multiple Transmit Channel Mode Not Enabled

Modulation Rate (kHz) Pmin (dBmV) Applicability
160 17 CM MAY support
320 17 CM MAY support
640 17 CM MAY support
1280 17 CM MUST support
2 560 20 CM MUST support
5120 23 CM MUST support
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6.2.20 Burst Profiles

The transmission characteristics are separated into three portions:
a) Channel Parameters;
b)  Burst Profile Attributes; and
c)  User Unique Parameters.
The Channel Parametersinclude:
a) themodulation rate (six rates from 160 kHz to 5 120 kHz in octave steps);
b) the centre frequency (H2);
c) the1536-bit Preamble Superstring; and
d) the S-CDMA channd parameters.

The Channel Parameters are shared by al users on a given channel. The Burst Profile Attributes are listed in table 6-11
and these parameters are the shared attributes corresponding to a burst type.

The CM MUST generate each burst at the appropriate time, as conveyed in the mini-slot grants provided by the CMTS
MAPs.

The CM MUST support al burst profiles commanded by the CM TS, via the Burst Descriptorsin the UCD and
subsequently assigned for transmissionin a MAP.

Table 6-11: Burst Profile Attributes

Burst Profile Attributes Configuration Settings

Modulation QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM, 128-QAM(TCM
Only)

Differential Encoding Oon/Off

TCM Encoding On/Off

Preamble Length 0 bits to 1 536 bits (note clause 6.2.10)

Preamble Value offset 0to 1534

R-S FEC Error Correction (T) 0 to 16 (0 implies no R-S FEC. The number of codeword parity
bytes is 2*T)

R-S FEC Codeword Information Bytes (k) Fixed: 16 to 253 (assuming R-S FEC on)
Shortened: 16 to 253 (assuming R-S FEC on)

Scrambler Seed 15 bits

Maximum Burst Size (mini-slots) (see note 1) 0 to 255

Guard Time Size 4 to 255 modulation intervals
There is no guard time in S-CDMA

Last Codeword Length Fixed, shortened

Scrambler On/Off On/Off

R-S Interleaver Depth (1) (see note 2) 0 to floor (2 048/N,) (see note 3)

R-S Interleaver Block Size (B,) (see note 4) 2*N, to 2 048

Preamble Type QPSKO/QPSK1

S-CDMA Spreader(see note 5) On/Off

S-CDMA Codes per Subframe(see note 5) 1t0 128

S-CDMA Framer Interleaver Step Size(see note 5) |1 to (spreading intervals per frame - 1)

NOTE 1: A max burst length of 0 mini-slots in the Burst Profile means that grant size is not constrained by the burst

profile parameter [18].

NOTE 2: If depth=1, no interleaving; if depth=0, dynamic mode.

NOTE 3: Nris the R-S code word size k+2T as defined in clause 6.2.5.1.

NOTE 4: Used only in dynamic mode.

NOTE 5: Used only for S-CDMA channels.
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The User Unique Parameters may vary for each user even when using the same burst type on the same channel as
another user (for example, Power Level) and are listed in table 6-12.

Table 6-12: User Unique Burst Parameters

User Unique Parameter Adjustment Command Resulting Parameter Value
Power Level (see note) 8-bit two's complement, TDMA:
resolution = 0,25 dB +17 dBmV to +57 dBmV (32-QAM, 64-QAM)

+17 dBmV to +58 dBmV (8-QAM, 16-QAM)
+17 dBmV to +61 dBmV (QPSK)

S-CDMA: +17 dBmV to +56 dBmV

(all modulations)

Resolution = 0,25 dB or better

Offset Frequency Range = +£32 kHz, resolution = 1 Hz Frequency Range per clause 6.2.17.1
Upstream Frequency Agility and Range
Ranging Offset Integer part: 32-bit two's complement, Range: sufficient for maximum cable plant
resolution = (1/10,24 MHz) = 6,25 us/64 |length per clause 1.2.1
=97,65625 ns

Resolution: Non-synchronous:

Fractional part: unsigned 8-bit fractional |6,25 us/64.

extension, resolution = 6,25 us/(64*256) |Synchronous: 6,25 ps/(64*256)
= 0,3814697265625 ns
Burst Length (mini-slots) if  [N/A 1 to 255 mini-slots
variable on this channel
(changes burst-to-burst)

Transmit Equalizer DOCSIS 3.0 & 2.0 modes: 24 complex DOCSIS 3.0 & 2.0 modes: 24 complex
Coefficients coefficients, 4 bytes per coefficient coefficients

(2 real and 2 imaginary), load and
(See clause 6.2.16, convolve modes DOCSIS 1.1 mode: up to 64 complex
Transmit Pre-Equalizer.) coefficients

DOCSIS 1.1 mode: up to 64 complex

coefficients, 4 bytes per coefficient

(2 real and 2 imaginary), convolve mode

only

NOTE:  The minimum power level limit depends on modulation rate. The maximum power level limit depends on
modulation order, whether or not Multiple Transmit Channel mode is enabled and the number of upstream
channels in the Transmit Channel Set if MTC Mode is enabled.

The CM MUST implement the Offset Frequency Adjustment to effect a change in upstream carrier frequency within
. £10 Hz of the commanded change.

6.2.20.1 Ranging Offset

Ranging Offset is the time difference between the CM upstream frame time base and the CM TS upstream frame time
base. It is an advancement equal to roughly the round-trip delay between the CM and the CM TS and is needed to
synchronize upstream transmissions in the TDMA and S-=CDMA schemes. The CMTS MUST provide the CM with
feedback adjustments of this offset, based on reception of one or more successfully received bursts (i.e. satisfactory
result from each technique employed: error correction and/or CRC). The CM TS sends these Timing Adjust commands
to the CM in the Ranging Response MAC message, where a negative value implies the Ranging Offset isto be
decreased, resulting in later times of transmission at the CM.

The MDD message [18] providesa TLV field that indicates whether the CM TS is providing a synchronous downstream
symbol clock, i.e. whether the downstream symbol clock islocked to the 10,24 MHz Master Clock. If the MDD
indicates that the CM TS is providing a synchronous downstream symbol clock, then the CM generates a synchronous
upstream symbol clock on all channelsin the Transmit Channel Set, or in the single upstream channel if MTC modeis
disabled. If the MDD indicates that the CM TS is not providing a synchronous downstream symbol clock, then the CM
operates with a non-synchronous upstream for TDMA modulation and SS=CDMA modulation is not allowed. In the
absence of an MDD message, the CM operates with a single upstream channel, which is a synchronous upstream locked
to the downstream symbol clock for SCDMA modulation or a non-synchronous upstream for TDMA modulation.
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For non-synchronous channels the CM MUST implement the Timing Adjust command with resolution of at most

1 symbol duration (of the symbol rate in use for a given burst) and (other than a fixed bias) with accuracy within

0,25 us plus +1/2 symbol owing to resolution. As an example, for the maximum symbol rate of 5,12 Msym/s, the
corresponding symbol period would be 195 ns, the corresponding maximum resolution for the Timing Adjust MUST be
195 ns. For the maximum symbol rate of 5,12 Msym/s, the corresponding minimum accuracy MUST be +348 ns. The
accuracy of CM burst timing of £0,25 us plus +1/2 symboal is relative to the mini-slot boundaries derivable at the CM,
based on an ideal processing of the timestamp signals received from the CMTS.

The resolution of the integer part of the Timing Adjust parameter, is (1/ 10,24 MHz) = 6,25 us/64 ~= 97,66 ns. For
S-CDMA channels, the CMTS provides an additional fractional field in the Timing Adjust command, with resolution of
1/ 16 384 of the frame tick increment = 6,25 us/(64* 256) ~= 0,3814 ns. For SSCDMA channels, the CM MUST
implement the Timing Adjust to within 0,01 of the nominal chip period. As an example, for the maximum chip rate of
5,12 MHz, the corresponding maximum resolution for implementation of the timing correction would be

(x0,01)*195 ns or roughly +2 ns. For TDMA channels operating in synchronous mode, the CM TS is allowed to provide
the fractional field for the Timing Adjust. For TDMA channels operating in synchronous mode, when the fractional
field for the Timing Adjust is present in the RNG-RSP, the CM MUST implement the fractional field Timing Adjust to
within 0,01 of the nominal symbol period. For TDMA channels operating in synchronous mode, if the RNG-RSP to a
CM does not contain afractional field Timing Adjust, the CM MUST assume that it is equal to 0 and still meet the
accuracy requirement for implementing the fractional field Timing Adjust (to within £0,01 of the nominal symbol
period).

For CMTS/CM systems using multiple downstream channels, for a CM the CMTS designates a single channel asthe
primary channel from which the CM derives CMTS master clock timing for all upstream transmission [18].

For CMTS/CM systems using multiple upstream channels, the CM must range each upstream channel separately, using
the resolutions described above.

6.2.20.2 TDMA Reconfiguration Times

The CM MUST be capable of switching burst profiles with no reconfiguration time required between bursts, except for

changes in the following parameters: 1) Output Power; 2) Symbol Rate; 3) Offset Frequency; 4) Channel Frequency; 5)

Ranging Offset; and 6) Pre-Equalizer Coefficients. In the case of Multiple Transmit Channel mode enabled, all of these
parameters are adjusted independently on each upstream channel and reconfiguration time on the non-adjusted channels
is not required by the CM.

In the case of Multiple Transmit Channel mode enabled, global reconfiguration time (simultaneous on all of the active
channels) could be required by the CM when the Dynamic Range Window is adjusted (new value of Pjay min set), OF

when any active channel accumulates a transmit power change of more than 3 dB (excluding transmit power changes
due to UCD-induced change in Py,; [18]) since the last global reconfiguration time (see clause 6.2.22.1). The CM MUST
meet the requirements, on each active channel, for "Dynamic Range Window change” (below) whenever P,y min set 1S
changed or re-commanded. -

For Dynamic Range Window change or re-command: If Po,q min set IS Changed, or re-commanded, the CM MUST be
able to implement the change between bursts, aslong asthe CMTS alocates at least 96 symbols, plus 10 us, between
the last symbol centre of one burst (on any active channel) and the first symbol centre of the following burst (on any
active channel -- same channel or different channel from the previous burst). (Global "quiet" across al active channels
requires the intersection of ungranted burst intervals across all active TDMA channels to be at least 96 symbols plus
10 psduration.) The Output Power of the CM MUST be settled to within £0,1 dB of itsfinal output power level within
10 psfrom the beginning of the change in P,y min <t @d from the beginning of any Output Power change on any
channel that accompanies the change or re-command of Pjgy yin set- The Dynamic Range Window, i.€. Poay min_sets
MUST NOT be changed until the CM is provided sufficient time between bursts by the CMTS. The Dynamic Range
Window MUST NOT change while more than -30 dB of any symbol's energy of the previous burst remainsto be
transmitted, or more than -30 dB of any symbol's energy of the next burst has been transmitted.
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For Output Power changes (excluding transmit power changes due to UCD-induced change in P; when Multiple

Transmit Channel mode is enabled [18]): If Output Power isto be changed by 1 dB or less, the CM MUST be able to
implement the change between bursts aslong asthe CMTS allocates at least 96 symbols, plus 5 us between the last
symbol centre of one burst and the first symbol centre of the following burst. If Output Power is to be changed by more
than 1 dB, the CM MUST be able to implement the change between bursts, as long asthe CMTS alocates at |east

96 symbols, plus 10 ps, between the last symbol centre of one burst and the first symbol centre of the following burst.
The maximum reconfiguration time of 96 symbols should compensate for the ramp-down time of one burst and the
ramp-up time of the next burst, as well as the overall transmitter delay time, including the pipeline delay and pre-
equalizer delay. The Output Power of the CM MUST be settled to within +0,1 dB of its final output power level:

a) within 5 ps from the beginning of a change of 1 dB or less; and b) within 10 ps from the beginning of a change of
greater than 1 dB. Output Power MUST NOT be changed until the CM is provided sufficient time between bursts by the
CMTS. Output Power MUST NOT change while more than -30 dB of any symbol's energy of the previous burst
remains to be transmitted, or more than -30 dB of any symbol's energy of the next burst has been transmitted.

For Symbol Rate changes: The CM MUST be able to transmit consecutive bursts as long asthe CMTS allows the
required time between bursts for UCD parameter changes. Symbol Rate MUST NOT be changed until the CM is
provided sufficient time between bursts by the CMTS. Symbol Rate MUST NOT change while more than -30 dB of any
symbol's energy of the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the next
burst has been transmitted.

For Offset Frequency changes: The CM MUST be able to transmit consecutive bursts as long asthe CMTS allocates at
least 96 symbols in between the last symbol centre of one burst and the first symbol centre of the following burst. The
maximum reconfiguration time of 96 symbols should compensate for the ramp-down time of one burst and the ramp-up
time of the next burst, as well as the overall transmitter delay time, including the pipeline delay and optional pre-
equalizer delay. Offset frequency MUST NOT be changed until the CM is provided sufficient time between bursts by
the CMTS. Offset frequency MUST NOT change while more than -30 dB of any symbol's energy of the previous burst
remains to be transmitted, or more than -30 dB of any symbol's energy of the next burst has been transmitted.

For Channel Frequency changes: The CM MUST be able to implement the change between bursts aslong asthe CMTS
allocates at least 96 symbols plus 100 ms between the last symbol centre of one burst and the first symbol of the
following burst. The Channel Frequency of the CM MUST be settled within the phase noise and accuracy requirements
of clauses 6.2.22.5 and 6.2.22.6 within 100 ms from the beginning of the change. Channel Frequency MUST NOT be
changed until the CM is provided sufficient time between bursts by the CMTS. Channel Frequency MUST NOT change
while more than -30 dB of any symbol's energy of the previous burst remains to be transmitted, or more than -30 dB of
any symbol's energy of the next burst has been transmitted.

For Ranging Offset and/or Pre-Equalizer Coefficient changes: The CM MUST be able to transmit consecutive bursts as
long asthe CM TS allocates at least 96 symbols in between the last symbol centre of one burst and the first symbol
centre of the following burst. The maximum reconfiguration time of 96 symbols should compensate for the ramp-down
time of one burst and the ramp-up time of the next burst, as well as the overall transmitter delay time, including the
pipeline delay and pre-equalizer delay. Ranging Offset MUST NOT be changed until the CM is provided sufficient time
between bursts by the CMTS. Ranging Offset MUST NOT change while more than -30 dB of any symbol's energy of
the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the next burst has been
transmitted.

For Modulation Type changes: The CM MUST be able to transmit consecutive bursts with no reconfiguration time
between them (except for the minimum guard time). The modulation MUST NOT change while more than -30 dB of
any symbol's energy of the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the
next burst has been transmitted, EXCLUDING the effect of the transmit equalizer (if present in the CM). (Thisisto be
verified with the transmit equalizer providing no filtering; delay only. Note that if the CMTS has decision feedback in
its equalizer, it may need to provide more than the 96 symbol gap between bursts of different modulation type which the
same CM may use; thisisa CMTS decision.)

6.2.20.3 S-CDMA Reconfiguration Time

In SSCDMA mode, for changesin Output Power per mini-slot, Offset Frequency, Pre-equalizer coefficients and/or
Ranging Offset, the CM MUST be able to transmit consecutive bursts aslong as the CM TS alocates the time duration
of at least one frame in between the bursts. For all other burst profile parameter changes, no reconfiguration is required
beyond what is provided by the MAC for such changes. When Multiple Transmit Channel mode is enabled, all of these
parameters are adjusted independently on each upstream channel and reconfiguration time on the non-adjusted channels
is not required by the CM.
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In the case of Multiple Transmit Channel mode enabled, global reconfiguration time could be required by the CM when
the Dynamic Range Window is adjusted (new value of Pjoaq min set), OF When any active channel accumulates a transmit

power change of more than 3 dB (excluding transmit power changes due to UCD-induced change in Py, [18]) since the

last global reconfiguration time (see clause 6.2.22.1). (Globa "quiet" across al active channels requires the intersection
of ungranted burst intervals across all active SSCDMA channelsto be at least one frame.) The CM MUST be able to
transmit consecutive bursts, even with a change or re-command of Pyaq min st @10ong asthe CMTS allocates at |east

one frame in between bursts, across all channelsin the Transmit Channel Set. (From the end of a burst on one channel
to the beginning of the next burst on any channel, there must be at |east one frame duration to provide a "global
reconfiguration time" for SCDMA channels.)

6.2.204 CM Timing Offsets When Changing Modulation Rate

When making a modulation rate change, the CM MUST employ the timing offsets shown in table 6-13. The offsetsin
the table correspond to the contribution of DOCSIS 1.0 and 1.1 legacy upstream receivers to changes in latency when
making modulation rate changes. The timing offset to apply is the difference between the entry in the table
corresponding to the new modulation rate and the entry corresponding to the original modulation rate. The offsets are
referenced to the centre of the first symbol in the burst, which is the reference point for burst timing, as stated in
clause 6.2.21. Specification of these offsetsis needed so that CMs apply uniform adjustments to their ranging offsets
and CM T Ss can appropriately handle CMs that apply these offsets when making modulation rate changes.

Table 6-13: Timing Offset for Modulation Rate Changes

Modulation Rate (kHz) Timing Offset (in units of 1/64 time Applicability
ticks referenced to 5,12 MHz)

5120 0 CM MUST support

2 560 0 CM MUST support
1280 24 CM MUST support
640 72 CM MAY support
320 168 CM MAY support
160 360 CM MAY support

For example, suppose aCM is on an upstream channel, operating at a modulation rate of 1,28 MHz. Now, suppose the
UCD message from the CM TS changes the modulation rate of the channel to 0,32 MHz. The CM applies an additional
timing offset of 168 - 24 = 144 to its ranging offset to compensate for this modulation rate change. The value of 144 is
positive and thus, the CM will add to its ranging offset, so that it effectively transmits earlier by 144 units of 1/64 time
ticks.

Furthermore, in changing modulation rates, if aCM has its own contribution to a change in latency, the CM MUST also
compensate for this CM-specific latency difference. Thisisin addition to the offset applied from the valuesin the table

above, which result from legacy CM TS upstream receiver contributions to changes in latency. The requirements for CM
burst timing accuracy found earlier in this clause for TDMA mode, referenced to the modulation rate that is the lower of
the original and the new modulation rate, apply after the modulation rate change, with the required timing offsets above
considered. Specifically, the CM MUST implement the timing adjustments with accuracy within 0,25 s, plus

+1/2 symboal, in both TDMA and S-=CDMA modes.

A CMTS that does not apply the same internal physical delay offsets as the legacy DOCSIS upstream CM TS receiver
implementation is capable of receiving a CM burst after a modulation rate change in any of the following ways, but is
not limited to only these ways:

1) The CMTS may implement theinternal physical delay offset, as specified in table 6-13.
2) TheCMTS may implement an internal timing compensation based on the expected offset in table 6-13.
3) TheCMTS may increase the guard time.

4) TheCMTS may send an unsolicited RNG-RSP to each CM to adjust the delay offset. Asdiscussed in [18], the
CM is expected to be capable of adjusting its timing offset at any time with the accuracy specified within this
clause.
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Figure 6-31 illustrates the nominal burst timing for TDMA channels.

A) Nominal burst profile (no timing errors); 8
symbol guard band is illustrated; 10 symbol
ramp-up and ramp-down is illustrated.

Data First
Symbol

'

Last FEC
Parity Symbol

Ramp u| Ramp down
I O Y B T O A B
Preamble Preamble
First Last
Symbol Symbol
10
Symbols
B) Timing is referenced to the symbol
center of the first symbol of each burst.
N I O [ - 8 »
4 Symbols
Center of Preamble -~
X B Mini-slot
First Symbol = Mini-slot Boundary
Boundary
Burst N Burst N+1
Preamble
First Symbol

Note: Ramp down of one burst can overlap ramp
up of following burst, even with on transmitter
assigned both bursts.

Figure 6-31: Nominal TDMA Burst Timing

Figure 6-32 indicates worst-case burst timing for a TDMA channel. In this example, burst N arrives 1,5 symbols late
and burst N+1 arrives 1,5 symbols early, but separation of 5 symbols is maintained; the 8-symbol guard band is shown

intable 6-32.
Burst N+1
Worst case Burst timing
input to CMTS
L L]
<P Time equal to 5 symbols, separates the first
symbol center of burst N+1 and the last
symbol center of burst N
Burst N
[
Symbol center of Symbol center of
Burst N, last symbol; Burst N+1, last symbol;
1.5 symbols early 1.5 symbols early
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—» 15 S gl 15 |t—
symbols
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Figure 6-32: Worst-Case TDMA Burst Timing
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At asymbol rate of R,, symbols occur at arate of one each T = 1/Rg s. Ramp-Up and Ramp-Down are the spread of a
symbol in the time domain beyond T duration, owing to the symbol-shaping filter and any residual effect from the
transmit equalizer. If only one symbol were transmitted, its duration would be longer than T due to the shaping filter
impul se response being longer than T. The spread of the first and last symbols of a burst transmission effectively
extends the duration of the burst to longer than N * T, where N is the number of symbolsin the burst.

For SSCDMA channels, the bursts from all CMs are synchronized. This means that the ramp-down of one burst may
occur at the same time as the ramp-up of the subsequent burst. The CM MUST meet the ranging and synchronization
requirements of S-=CDMA to assure that the ramp-down and ramp-up of bursts are aligned.

6.2.22 Fidelity Requirements

The following reguirements assume that any pre-equalization is disabled, unless otherwise noted.

6.2.22.1 Spurious Emissions

The noise and spurious power MUST NOT exceed the levels given in tables 6-14, 6-15 and 6-17. The noise and
spurious power SHOULD NOT exceed the levels given in tables 6-16 and 6-18. When Multiple Transmit Channel
mode is enabled, the noise and spurious power requirements for the individual channels are summed (absol ute power,
NOT in dB) to determine the composite noise floor for the multi-channel transmission condition. Also when Multiple
Transmit Channel mode is enabled, these spurious performance requirements only apply when the CM is operating
within certain ranges of values for P,y p,, for n =1 to the number of upstream channelsin the Transmit Channel Set

and for the ratio of number_allocated_codes/ number_active_codes from 1 down to 1/4th, for SCDMA channels.

For SCDMA mode, when a modem is transmitting fewer than 1/4th of the active spreading codes on a channel, the
spurious emissions requirement limit is the power value (in dBmV), corresponding to the specifications for the power

level associated with 1/4th of the active spreading codes (i.e. 6 dB below the channel power corresponding to all active
codes for that channel allocated to the CM).

When Multiple Transmit Channel modeis enabled and there are two or more channelsin the Transmit Channel Set, the
spurious performance requirements MUST be met only when the following loading ranges are satisfied:

e two or more channelsin the TCS: applicable when Py 1 - Pioag min st < 3 dB; and
e twochannelsinthe TCS: applicable when Pig 5 - Pigyg 1 < 12dB;
e threechannelsinthe TCS: applicable when Py 3 - Pioy 1 <8 dB;
e  four channelsin the TCS: applicable when:
Pioad 2 - Ploag 1 <4 dB.
AND Pload 3~ Pload 254 dB.
AND Pload 4 - P|Oaj_3§4dB.

When a modem is transmitting at power levels falling outside these loading ranges (which is allowed by the 12 dB
dynamic range), the spurious emissions requirement limits are the power values (in dBmV rather than dBc)
corresponding to the specifications associated with transmissions at the second and higher loaded channels if the
loading of those channels were decreased (transmit power increased) to just meet the applicability ranges.

With Multiple Transmit Channel mode enabled, the spurious performance requirements do not apply to any upstream
channel from the time the output power on any active upstream channel has varied by more than +3 dB since the last
global reconfiguration time through the end of the next global reconfiguration time changes, excluding transmit power
changes due to UCD-induced change in Py,; [18]. "Global reconfiguration time" is defined as the inactive time interval
provided between active transmissions, which simultaneously satisfies the requirement in clause 6.2.20.2 for all TDMA
channelsin the TCS and the requirement in clause 6.2.20.3 for all SSCDMA channelsin the TCS. With Multiple
Transmit Channel mode enabled, the CMTS SHOULD provide global reconfiguration timeto a CM before (or
concurrently as) the CM has been commanded to change any upstream channel transmit power by +3 dB cumulative
sinceitslast global reconfiguration time, excluding transmit power changes due to UCD-induced changein Py, [18].

ETSI



77 Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

As one example, with three SSCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV and
41 dBmV, the absol ute spurious emissions requirements, when two or more channelsin the TCS are transmitting,
correspond to the absol ute spurious emissions regquirements with transmit power per channel of 53 dBmV, 45 dBmV
and 45 dBmV. The 41 dBmV power levels are raised for the purposes of determining the spurious emissions limits, up
to 53 dBmV - 8dB =45 dBmV.

Asan example, with four SSCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV,

41 dBmV and 41 dBmV, the absolute spurious emissions requirements, when two or more channelsinthe TCS are
transmitting, correspond to the absol ute spurious emissions requirements with transmit power per channel of 53 dBmV,
49 dBmV, 45 dBmV and 41 dBmV. The 41 dBmV power levels are raised for the purposes of determining the spurious
emissions limits, up to 53 dBmV - 4 dB = 49 dBmV; and the artificial 49 dBmV - 4 dB = 45 dBmV; and the artificial
45dBmV - 4dB =41dBmV.

In table 6-14, inband spurious emissions includes noise, carrier leakage, clock lines, synthesizer spurious products and
other undesired transmitter products. It does not include I1SI. The measurement bandwidth for Inband spuriousis equal
to the modulation rate (e.g. 1 280 kHz to 5 120 kHz). All requirements expressed in dBc are relative to the actual
transmit power that the CM emitsin one channel.

The measurement bandwidth is 160 kHz for the Between Bursts (none of the channelsin the TCS are bursting) specs of
table 6-14, except where called out as 4 MHz or 250 kHz.

The Transmitting Burst specs apply during the mini-slots granted to the CM (when the CM uses all or a portion of the
grant) and for 32 modulation intervals before and after the granted mini-slots. The Between Bursts specs apply except
during aused grant of mini-slots on any active channel for the CM and the 32 modulation intervals before and after the
used grant.

In TDMA mode, a mini-slot may be as short as 32 modulation intervals, or 6,25 us at the 5,12 MHz rate, or as short as
25 usat the 1,28 MHz rate.
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Table 6-14: Spurious Emissions

Parameter Transmitting Burst Between Bursts
Inband -40 dBc -72 dBc
Adjacent Band See tables 6-15 and -72 dBc

6-16

Within the upstream operating range 5-42 MHz or See tables 6-17 and -72 dBc
5-85 MHz (excluding assigned channel, adjacent 6-18.
channels)
For the case where the upstream operating range is
5-42 MHz:
CM Integrated Spurious Emissions Limits (all in
4 MHz, includes discretes) - (see note 1)
42 MHz to 54 MHz -40 dBc -26 dBmV
54 MHz to 60 MHz -35 dBmV -40 dBmV
60 MHz to 88 MHz -40 dBmV -40 dBmV
88 MHz to 870 MHz, or 1 002 MHz if CM centre -45 dBmV max(-45 dBmV, -40 dB ref
frequency ranges up to 999 MHz d/s) (see note 2)
For the case where the upstream operating range is
5-42 MHz:
CM Discrete Spurious Emissions Limits (see note 1)
42 MHz to 54 MHz -50 dBc -36 dBmV
54 MHz to 88 MHz -50 dBmV -50 dBmV
88 MHz to 870 MHz, or 1 002 MHz if CM centre -50 dBmV -50 dBmV
frequency ranges up to 999 MHz
For the case where the upstream operating range is
5-85 MHz:
CM Integrated Spurious Emissions Limits (all in
4 MHz, includes discretes) (see note 3)
85 MHz to 108 MHz -45 dBc -31 dBmV
85 MHz to 108 MHz (SHOULD) -50 dBc -36 dBmV
108 MHz to 136 MHz -40 dBmV -40 dBmV
136 MHz to 870 MHz, or 1 002 MHz if CM centre -45 dBmV max(-45 dBmV, -40 dB ref
frequency ranges up to 999 MHz d/s) (see note 2)
For the case where the upstream operating range is
5-85 MHz:
CM Discrete Spurious Emissions Limits) (see note 1)
85 MHz to 108 MHz -50 dBc -36 dBmV
108 MHz to 870 MHz, or 1 002 MHz if CM centre -50 dBmV -50 dBmV
frequency ranges up to 999 MHz

NOTE 1:

discrete spur MUST be no greater than -40 dBmV.

NOTE 2:
proportional to the receive signal level.
NOTE 3:
MUST be no greater than -40 dBmV.
NOTE 4:

"dB ref d/s" is relative to the received downstream signal level.

These spec limits exclude a single discrete spur related to the tuned received channel; this single
"dB ref d/s" is relative to the received downstream signal level. Some spurious outputs are

These spec limits exclude a single discrete spur related to the tuned received channel; this spur
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6.2.22.1.1 Adjacent Channel Spurious Emissions

Spurious emissions from a transmitted carrier may occur in an adjacent channel which could be occupied by a carrier of
the same or different modulation rate. Table 6-15 lists the required adjacent channel spurious emission levels for all
combinations of transmitted carrier modulation rates and adjacent channel modulation rates. The measurement is
performed in an adjacent channel interval of appropriate bandwidth and distance from the transmitted carrier, based on
the modulation rates of the transmitted carrier and the carrier in the adjacent channel.

Table 6-15: Adjacent Channel Spurious Emissions Requirements Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Specification in Measurement interval and distance Adjacent channel carrier
the interval from carrier edge modulation rate
-50 dBc 20 kHz to 180 kHz 160 kHz
-50 dBc 40 kHz to 360 kHz 320 kHz
-50 dBc 80 kHz to 720 kHz 640 kHz
-50 dBc 160 kHz to 1 440 kHz 1280 kHz
-47 dBc 320 kHz to 2 880 kHz 2 560 kHz
-44 dBc 640 kHz to 5 760 kHz 5120 kHz

In addition, the CM SHOULD meet the requirements in table 6-16, under the same conditions as listed for table 6-15.
With alower power channel bursting as alone bursting channel (at that point in time), 2 dB relaxation will apply to the
absol ute spurious emissions requirement of table 6-16.

Table 6-16: Adjacent Channel Spurious Emissions Goals Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Specification in the | Measurement interval and distance Adjacent channel carrier

interval from carrier edge modulation rate

-53 dBc 20 kHz to 180 kHz 160 kHz

-53 dBc 40 kHz to 360 kHz 320 kHz

-52 dBc 80 kHz to 720 kHz 640 kHz

-51 dBc 160 kHz to 1 440 kHz 1280 kHz

-50 dBc 320 kHz to 2 880 kHz 2 560 kHz

-48 dBc 640 kHz to 5 760 kHz 5120 kHz

6.2.22.1.2 Spurious Emissions in the Upstream Frequency Range

Table 6-17 lists the possible modulation rates that could be transmitted in an interval, the required spurious level in that
interval and theinitial measurement interval at which to start measuring the spurious emissions. Measurements should
start at the initial distance and be repeated at increasing distance from the carrier until the upstream band edgeis
reached. The lower band edge of the upstream is 5 MHz; the upper band edge of the upstream is 42 MHz or if upstream
frequency range selection is available in the CM, 85 MHz may be selected.

Table 6-17: Spurious Emissions Requirements in the Upstream Frequency Range Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Possible modulation rate in | Specification in the interval Initial measurement interval and
this interval distance from carrier edge

160 kHz -54 dBc 220 kHz to 380 kHz
320 kHz -52 dBc 240 kHz to 560 kHz
640 kHz -50 dBc 280 kHz to 920 kHz

1 280 kHz -50 dBc 360 kHz to 1 640 kHz

2 560 kHz -47 dBc 520 kHz to 3 080 kHz

5120 kHz -44 dBc 840 kHz to 5 960 kHz

In addition, the CM SHOULD meet the requirements in table 6-18, under the same conditions as listed for table 6-17
above. With alower power channel bursting as alone bursting channel (at that point in time), 2 dB relaxation will apply
to the absol ute spurious emissions requirement of table 6-18.
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Table 6-18: Spurious Emissions Goals in the Upstream Frequency Range Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Possible modulation rate in Specification in the interval Initial measurement interval and
this interval distance from carrier edge

160 kHz -60 dBc 220 kHz to 380 kHz
320 kHz -58 dBc 240 kHz to 560 kHz
640 kHz -56 dBc 280 kHz to 920 kHz

1280 kHz -54 dBc 360 kHz to 1 640 kHz

2 560 kHz -52 dBc 520 kHz to 3 080 kHz

5 120 kHz -50 dBc 840 kHz to 5 960 kHz

6.2.22.2 Spurious Emissions During Burst On/Off Transients

Each transmitter MUST control spurious emissions, prior to and during ramp-up, during and following ramp-down and
before and after a burst.

On/off spurious emissions, such as the change in voltage at the upstream transmitter output, due to enabling or disabling
transmission, MUST be no more than 100 mV. Such a step MUST be dissipated no faster than 2 ps of constant slewing.
This requirement applies when the CM is transmitting at +55 dBmV or more per channel on any channel. At backed-off
transmit levels, the maximum change in voltage MUST decrease by a factor of 2 for each 6 dB decrease of power level
in the highest power active channel, from +55 dBmV per channel, down to a maximum change of 7 mV at 31 dBmV
per channel and below. This requirement does not apply to CM power-on and power-off transients.

6.2.22.3 Modulation Error Ratio (MER)

MER measures the cluster variance caused by the transmit waveform. It includes the effects of 1S, spurious, phase
noise and all other transmitter degradations.

6.2.22.3.1 Definitions

Symbol MER: M ERsymb is defined as follows for TDMA or SSCDMA symbols. The transmitted RF waveform (after

appropriate down conversion) is applied to the ideal receive symbol matched filter and is sampled once per symbol. For
TDMA, the matched filter is a square-root raised cosine filter with alpha = 0,25. For SSCDMA, the matched filter isa
square-root raised cosine filter with alpha = 0,25, convolved with the time-reversed spreading code sequence. (In this
convolution, the spreading code sequence is expressed as a weighted impul se train spaced at the chip period.) No
external noise (AWGN) is added to the signal. The carrier frequency offset, carrier phase offset, symbol timing and gain
may be adjusted during each burst to maximize M ERgymb- Equalization of the received waveform is not permitted. For

cases where the CM transmit equalizer is ON, the transmit equalizer coefficients may be adjusted to maximize
MERg - MERg 1, is defined at the F connector of the CM, except that when an echo channel isinserted, MER

defined at the output of the echo channel. M ERsymb is computed by the formula:

symb is

MER g, (dB)=10el0g;, #

1 2
WZ e
=1
where:
. E,, isthe average constellation energy for equally likely symbols (see clause 6.2.14 and figure 6-20);

. N isthe number of symbols averaged;

. g isthe error vector from the jth received symbol to the ideal transmitted QAM symbol on the grid of
figure 6-20.

For SCDMA, MERg,, is averaged over all active codes.
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MER of composite chips: MER 4, is specified for composite S-CDMA chips to ensure that high SNR is maintained,

especialy for asmall number of allocated codes, to prevent noise funnelling effects when many modems transmit
simultaneously. A composite SSCDMA chip is defined as the output of the spreader during one chip interval, that is, an
element of the transmission vector defined in clause 6.2.15, "S-CDMA Spreader".

MER i, is defined as follows: The transmitted RF waveform (after appropriate down conversion) is applied to the ideal

receive chip matched filter and is sampled once per chip. The matched filter is a square-root raised cosine filter with
alpha= 0,25. No external noise (AWGN) is added to the signal. The carrier frequency offset, carrier phase offset,
timing and gain may be adjusted during each burst to maximize M ERchip. Equalization of the received waveform is not

permitted. For cases where the CM transmit equalizer is ON, the transmit equalizer coefficients may be adjusted to

maximize MER ;.. MER i, is defined at the F connector of the CM. MER ;, is computed by the formula where:
N 2
> [P
MER,;,(dB)= 10el0g,,d *——
2
Z‘ P, -
j=1

where:
. pj isthejth idea transmitted composite chip;
. rj isthe jth received composite chip;

. N is the number of composite chips observed.

6.2.22.3.2 Requirements

Unless otherwise stated, the MER MUST meet or exceed the following limits over the full transmit power range of
table 6-12 for each modulation, modulation rate and over the full carrier frequency range and for SSCDMA, over any
valid number of active and allocated codes. The 5-85 MHz carrier frequency range refers more precisely to

[5 MHz + modulation rate * 1,25/ 2] to [85 MHz - modulation rate * 1,25/ 2]. At the break points between regions, the
higher MER specification applies.

Case 1: Flat channel, transmit equalization OFF
Case 1la for modulation rates 2,56 MHz and below for 5 MHz to 42 MHz mode of operation:
. MERsymb > 30 dB over 15 MHz to 30 MHz carrier frequency.
. MERsymb > 27 dB over 10 MHzto 15 MHz and 30 MHz to 35 MHz carrier frequency.
. MERsymb > 26 dB over 5 MHz to 10 MHz and 35 MHzto 42 MHz carrier frequency.
Case 1b: for modulation rate 5,12 MHz for 5 MHz to 42 MHz mode of operation:
. MERsymb > 27 dB over 15 MHz to 30 MHz carrier frequency.
. MERsymb > 24 dB over 10 MHzto 15 MHz and 30 MHz to 35 MHz carrier frequency.
. MERsymb > 23 dB over 5 MHz to 10 MHz and 35 MHzto 42 MHz carrier frequency.
Case 1c: for modulation rates 2,56 MHz and below for 5 MHz to 85 MHz mode of operation:
. MERsymb > 30 dB over 15 MHz to 61 MHz carrier frequency.
. MERsymb > 27 dB over 10 MHzto 15 MHz and 61 MHz to 71 MHz carrier frequency.

. MERsymb > 26 dB over 5 MHz to 10 MHz and 71 MHzto 85 MHz carrier frequency.
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Case 1d: for modulation rate 5,12 MHz for 5 MHz to 85 MHz mode of operation:
o MERsymb > 27 dB over 15 MHz to 61 MHz carrier frequency.
. MERsymb > 24 dB over 10 MHz to 15 MHz and 61 MHz to 71 MHz carrier frequency.
. MERsymb > 23 dB over 5 MHz to 10 MHz and 71 MHzto 85 MHz carrier frequency.
Case 2: Flat channel, transmit equalization ON.

> 30dB.

Case 2a: for TDMA/QPSK, M ERsymb >

Case 2b: for SCDMA and al TDMA modulations except QPSK, M ERsymb >35dB.
Case 2c: for SCDMA, MERy,;, > 33 dB.

Case 3: Echo channel, transmit equalization ON. (Echo channel MUST not be limited by dynamic range. Echo channel
MUST be atrue representation described in table 5-2).

Case 3a: In the presence of a single echo selected from the channel micro-reflections defined in table 5-2, the measured
MERsymb MUST be> 30 dB for TDMA/QPSK and > 33 dB for SSCDMA and all TDMA modulations, except QPSK.

Case 3b: In the presence of two or three of the echoes defined in table 5-2 (at most one of each specified magnitude and
delay), the measured MERsymb MUST be> 29 dB.

Since the table does not bound echo delay for the -30 dBc case, for testing purposes, it is assumed that the time span of
the echo at this magnitude is | ess than or equal to 1,5 ps.

The CMTS MUST provide atest mode in whichiit:
e acceptsequalizer coefficients via an external interface, (e.g. Ethernet);

. sends the coefficients to the CM's pre-equalizer via ranging response message (both load and convolve
modes);

. does not adjust the CM's frequency, timing or power.

6.2.22.4 Filter Distortion

The following requirements assume that any pre-equalization is disabled.

6.2.22.4.1 Amplitude

The spectral mask MUST be the ideal square-root raised-cosine spectrum with alpha = 0,25, within the ranges givenin
table 6-19.

Table 6-19: Single Channel Filter Amplitude Distortion

Frequency Spectral Mask Limits

Lower Upper
f.- 5R./8 - -30dB
f.- RJ/2 -3,5dB -2,5dB
f.-3R/8tof, - R./4 -0,5dB +0,3 dB
f.-RJ4tof, +RJ/4 -0,3dB +0,3 dB
f.+RJ/4tof, +3R,/8 -0,5dB +0,3 dB
f.+Ry/2 -3,5dB -2,5dB
f.+5R./8 - -30 dB

Where f.. is the centre frequency, R is the modulation rate and the spectral density is measured with aresolution
bandwidth of 10 kHz or less.
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6.2.22.5 Carrier Phase Noise

The upstream transmitter total integrated phase noise (including discrete spurious noise) MUST be less than or equal to
-46 dBc, summed over the spectral regions spanning 200 Hz to 400 kHz above and below the carrier.

The upstream transmitter total integrated phase noise (including discrete spurious noise) MUST be less than or equal to
-44 dBc, summed over the spectral regions spanning 8 kHz to 3,2 MHz above and below the carrier.

The CM MUST provide a test mode in which:

e A continuous (non-bursted), unmodulated (CW) upstream signal is transmitted at the commanded carrier
frequency, modulation rate and level. Thisis equivalent to replacing the chip sequence at the spreader output
with the constant sequence (1, 1, 1, 1, 1, 1, ...) a nominal amplitude, equal on both | and Q.

e  The CM tracks the downstream symbol clock and usesit to generate the upstream symbol clock asin normal
synchronous operation.

6.2.22.6 Channel Frequency Accuracy

The CM MUST implement the assigned channel frequency within 50 parts per million, over atemperature range of
0°Cto 40 °C and up to five years from date of manufacture.

6.2.22.7 Modulation Rate Accuracy

The MDD message [18] providesa TLV field that indicates whether the CM TS is providing a synchronous downstream
symbol clock, i.e. whether the downstream symbol clock islocked to the 10,24 MHz Master Clock. If the MDD
indicates that the downstream symbol clock is synchronous, the CM MUST lock its timing to the downstream symbol
clock. If the MDD indicates that the downstream symbol clock is asynchronous, the CM MUST NOT lock itstiming to
the downstream symbol clock.

In synchronous operation (i.e. when the CM islocked to the downstream symbol clock), the upstream modulator MUST
lock the upstream modulation rate of all upstream channels (S-CDMA and/or TDMA) to the downstream symbol rate,
subject to the symbol timing jitter requirements of clause 6.2.22.8.

In asynchronous operation (i.e. when the CM timing is not locked to the downstream symbol clock), the upstream
modulator MUST provide an absolute modulation rate accuracy of symbol rates, 50 parts per million, over a
temperature range of 0 °C to 40 °C, up to five years from date of manufacture.

6.2.22.8 Modulation Timing Jitter

6.2.22.8.1 Symbol Timing Jitter for TDMA Upstream Channels in Asynchronous Operation

For TDMA upstream channels in asynchronous operation, peak-to-peak symbol jitter, referenced to the previous
symbol zero-crossing of the transmitted waveform, MUST be less than 0,02 of the nominal symbol duration over a2 s
period. In other words, the difference between the maximum and the minimum symbol duration during the 2 s period
shall be less than 0,02 of the nominal symbol duration for each of the five upstream symbol rates.

For TDMA upstream channels in asynchronous operation, the peak-to-peak cumulative phase error, referenced to the
first symbol time and with any fixed symbol frequency offset factored out, MUST be less than 0,04 of the nominal
symbol duration over a0,1 s period. In other words, the difference between the maximum and the minimum cumulative
phase error during the 0,1 period shall be less than 0,04 of the nominal symbol duration for each of the five upstream
symbol rates. Factoring out a fixed symbol frequency offset isto be done by using the computed mean symbol duration
duringthe 0,1 s.
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6.2.22.8.2 Modulation Timing Jitter for Synchronous Operation
All jitter specifications assume a downstream input to the CM per clauses 6.3.3, 6.3.5 and [4].

For SSCDMA and TDMA upstream channels in synchronous operation, upstream modulation clock timing error (with
the mean error subtracted out) relative to the CMTS master clock MUST be less than 0,005 RMS of the modulation
interval over a 35 s measurement duration. This appliesto:

1) theworst-casejitter and frequency drift specified for the CMTS Master clock and the CM TS downstream
symbol clock in the requirements above; and

2)  for any round-trip propagation delay up to the maximum allowed.

The CM upstream modulation clock SHOULD track the jitter components below 10 Hz in the input downstream
symbol clock with an error transfer function below -25 dB. The CM upstream modulation clock SHOULD attenuate the
jitter componentsin the input downstream symbol clock above 200 Hz.

The CM MUST provide a test mode in which:

e A continuous (non-bursted) upstream signal is transmitted at the commanded carrier frequency, modulation
rate and level.

. The modulation sequence at the transmit equalizer input is replaced with an aternating binary sequence (1, -1,
1,-1,1,-1,..) a nominal amplitude, equal on both | and Q.

. The CM tracks the downstream symbol clock and usesit to generate the upstream modulation clock asin
normal synchronous operation.
6.2.23 Upstream Demodulator Input Power Characteristics

The instantaneous input signal level, including ingress and noise to the upstream demodulator, MUST NOT exceed
29 dBmV in the 5-85 MHz frequency range of operation. The intended received power in each carrier MUST be within
the values shown in table 6-20.

The demodulator MUST operate within its defined performance specifications with received bursts within +6 dB of the
nominal commanded received power. Thus the maximum power in areceived burst MUST be less than or equal
29dBmV.

Table 6-20: Upstream Channel Demodulator Input Power Characteristics

Modulation Rate (kHz) Maximum Range (dBmV) Applicability
160 -13to +17 CMTS MAY support
320 -13 to +17 CMTS MAY support
640 -13to +17 CMTS MAY support
1280 -13to +17 CMTS MUST support
2 560 -10 to +20 CMTS MUST support
5120 -7 to +23 CMTS MUST support
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6.2.24 Upstream Electrical Output from the CM

The CM MUST output an RF modulated signal with the characteristics delineated in table 6-21.

Table 6-21: Electrical Output from CM

Parameter

Value

Frequency

5 MHz to 42 MHz edge to edge

The following option MAY be provided:
Mode Selection Option:

Mode 1: 5 MHz to 42 MHz edge to edge
Mode 2: 5 MHz to 85 MHz edge to edge

Level range per channel (Multiple
Transmit Channel mode disabled, or
only Multiple Transmit Channel mode
enabled with one channel in the TCS)

TDMA:

P, t0 +57 dBMV (32-QAM, 64-QAM)
P, t0 +58 dBMV (8-QAM, 16-QAM)
P, to +61 dBmV (QPSK)

S-CDMA:
Ppin t0 +56 dBmV (all modulations)

where
Prin = +17 dBmV, 1 280 kHz modulation rate

Pmin = ¥20 dBmV, 2 560 kHz modulation rate
Pmin = ¥23 dBmV, 5 120 kHz modulation rate

Level range per channel
(two channels in the TCS)

TDMA:
Ppin 10 +54 dBmV (32-QAM, 64-QAM)

P i t0 +55 dBmV (8-QAM, 16-QAM)
Pin t0 +58 dBmV (QPSK)

S-CDMA:
Pmin to +53 dBmV (all modulations)

where
Pmin = +17 dBmV, 1 280 kHz modulation rate

m

Prin = +20 dBmV, 2 560 kHz modulation rate
Prin = t23 dBmV, 5 120 kHz modulation rate

Level range per channel
(three or four channels in the TCS)

TDMA:

P, t0 +51 dBMV (32-QAM, 64-QAM)
P, t0 +52 dBmV (8-QAM, 16-QAM)
P, to +55 dBmV (QPSK)

S-CDMA:
Ppin t0 +53 dBmV (all modulations)

where
Pmin = +17 dBmV, 1 280 kHz modulation rate

Pmin = +20 dBmV, 2 560 kHz modulation rate
Pmin = ¥23 dBmV, 5 120 kHz modulation rate

Modulation Type

QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM

Modulation Rate (nominal)

TDMA: 1 280 kHz, 2 560 kHz and 5 120 kHz
S-CDMA: 1 280 kHz, 2 560 kHz and 5 120 kHz
Optional pre-3.0-DOCSIS operation,

TDMA: 160 kHz, 320 kHz and 640 kHz

Bandwidth

TDMA: 1 600 kHz, 3 200 kHz and 6 400 kHz
S-CDMA: 1 600 kHz, 3 200 kHz and 6 400 kHz
Optional pre-3.0-DOCSIS operation,

TDMA: 200 kHz, 400 kHz and 800 kHz

Output impedance

75 ohms

Output Return Loss

> 6 dB (across the selected upstream frequency range
5-42 MHz or 5-85 MHz).

> 6 dB (108 MHz to 870 MHz, or 108 MHz to 1 002 MHz if
CM centre frequency ranges up to 999 MHz)

Connector

F connector per [16] or [20] (common with the input)
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6.2.25 Upstream CM Transmitter Capabilities
The CM advertisesiits capabilitiesto the CMTS. These capabilities include:
. Maximum number of active channels, which MUST be 4 or greater.

. Maximum number of 3,2 MHz channels, which MUST be no greater than the maximum number of active
channel s supported.

. Maximum number of 6,4 MHz channels, which MUST be no greater than the maximum number of 3,2 MHz
channels supported. The maximum number of 6,4 MHz channels MUST be 4 or greater.

. Selectable Active Codes Made 2 capahility - yes/no.

e  Code Hopping Mode 2 capability - yes/no.

. Supports Extended Upstream Frequency Range (5 MHz to 85 MHz) - yes/no.

. Extended Upstream Transmit Power capability - yes/no plus capability in range of 51,25 dBmV to 61 dBmV.
The CM MUST support all the capability it reportsto the CMTS.
The CMTS MUST NOT command the CM to operate outside its advertised capabilities.

6.2.25.1 Description of CM Upstream Transmit Channel Set Capability

The CM communicates to the CMTS its capabilities in regards to the number of active upstream channelsit can
support. The method of conveyance must clearly and unambiguously describe the capabilities of the CM to the CMTS.
The parameters for this messaging are defined in this clause and annex G contains example calculations for this
reporting from the CM to the CMTS of the number of active upstream channels of the various bandwidths supported by
the CM.

Let X = number of 6,4 MHz channels, Y = number of 3,2 MHz channels and Z = number of 1,6 MHz channels that are
active at one time (the Transmit Channel Set). Let X,,,, be the maximum number of 6,4 MHz channels that the CM can

support, Y o be the maximum number of 3,2 MHz channels that the CM can support and Z,,,,, be the maximum
number of 1,6 MHz channels that the CM can support. Z,,,,,, is equivalent to the maximum number of upstream
transmitters that the CM can support.

The CM reports X a0 Y max @d Z,,5 during registration using modem capabilities encodings specified in [18], clause,
"Modem Capabilities Encoding”. The CM MUST provide that X, .2 < Y max < Zmax:

Communications of X . Y max @d Z,,, by aCM provides enough information to describe all the combinations
possiblefor X, Y and Z.

From these values the CMTS may calculate By, 5, = max(6.4*X 3.2*Y 16*Z

max? max? max) )

Then, al valuesfor (X, Y, Z) are allowed, which satisfy the four following inequalities:

6.4*X +3.2¢Y + 1.6*Z < By
X < X e
Y <Y e

X+Y +Z<Zn
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6.3 Downstream

6.3.1 Downstream Protocol and Interleaving Support

The downstream PMD sublayer MUST conform to ITU-T Recommendation J.83 [17], except for clause B.5.2.
Interleaver depths are defined in the Downstream Radio Frequency Specification [4]. The downstream RF output
electrical reguirements including downstream frequency plan, interleaver depths, spectrum format, clock and symbol
requirements are defined in [4]. The CM MUST support the interleaver depths defined in table 6-1 of [4] The CM MAY
support the interleaver depths defined in [4].

6.3.2 Downstream Electrical Input to CM

The CM MUST be able to accept any number of signals between one to MDBC simultaneoudly, located in frequency
intervals that comply with the CMs TB list and Demod List. A CM MUST be capable of being reconfigured to receive
different channels. At aminimum, the CM MUST be able to receive at least four downstream channels, located
independently within an arbitrary 60 MHz window in the downstream frequency band. The CM MUST support bonding
of any number of downstream channels up to its maximum. The CM MUST be able to locate and accept RF modulated
signals located within channels defined in [1] for Harmonic Related Carrier (HRC), Incremental Related Carrier (IRC)
and Standard (STD) North American frequency plans. Operation below a centre frequency of 111 MHz is not required.
The signals will have the characteristics defined in table 6-22.

Table 6-22: Electrical Input to CM

Parameter Value

Centre Frequency of DOCSIS 111 MHz to 867 MHz +30 kHz, CM MAY tune 111 MHz to 999 MHZ + 30 KHz

channel

Level Range (one DOCSIS -15 dBmV to +15 dBmV

channel)

Modulation Type 64-QAM and 256-QAM

Symbol Rate (nominal) 5,056941 Msym/s (64-QAM) and 5,360537 Msym/s (256-QAM)

Bandwidth 6 MHz (alpha = 0,18 Square Root Raised Cosine shaping for 64-QAM and alpha
= 0,12 Square Root Raised Cosine shaping for 256-QAM)

Total Input Power (40 MHz and <33 dBmV

above)

Maximum average power of carrier |X = average power of lowest power demodulated QAM channel

input to CM, within any 6 MHz Channels demodulated within the CM:

channel from 54 MHz up to < Min (X + 10 dB, +15 dBmV).

1 002 MHz Non-demodulated 6 MHz bands within the CM:
a) < Min (X + 10 dB, +20 dBmV), for zero, one, or two 6 MHz bands.
b) = Min (X + 10 dB, +15 dBmV), for all other 6 MHz bands besides the two

possible allocated exceptions.

Input (load) Impedance 75 Q

Input Return Loss > 6 dB (across the selected upstream frequency range 5-42 MHz or 5-85 MHz).
> 6 dB (108 MHz to 870 MHz, or 108 MHz to 1 002 MHz if CM centre frequency
ranges up to 999 MHz)

Connector F connector per [16] or [20] (common with the output)

6.3.3 CM BER Performance

The bit-error-rate performance of a CM is described in this clause. For each individual downstream received channel,
the CM MUST meet the BER requirements with the interleaver set for the | = 128, J= 1 mode of interleaving.
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6.3.3.1 64-QAM

6.3.3.1.1 64-QAM CM BER Performance

Implementation loss of the CM MUST be such that the CM achieves a post-FEC BER less than or equal to 108 when
operating at acarrier to noiseratio (E/N) of 23,5 dB or greater. If it is not possible to measure post-FEC BER directly,

Codeword Error Rate, R (as defined below) may be used. In this case, the CM MUST achieve a Codeword Error Rate
of less than or equal to 9 x 10" when operating at acarrier to noise ratio (E/N,) of 23,5 dB or greater.

Computation of Codeword Error Rate, Rc:

(Eu — Euo)
(Eu - Euo)+(Ec - Eco)+(C_Co)

RC:

Where:

e  Eyisthevalue of the count of code words with uncorrectable errors,
e  Ecisthevalue of the count of code words with correctable errors and;

. Cisthe value of the count of code words without errors.

Sample the values at the beginning of the test interval (indicated by the subscripted values, E g, Eqg,and Cp) and the
end of the test interval (indicated by the values, Ej, Ec and C).

6.3.3.1.2 Image Rejection Performance

Performance as described in clause 6.3.3.1.1 MUST be met with analog or digital signal at +10 dBc in any portion of
the RF band other than the adjacent channels.

6.3.3.1.3 64-QAM Adjacent Channel Performance
Performance as described in clause 6.3.3.1.1 MUST be met with adigital signal at 0 dBc in the adjacent channels.
Performance as described in clause 6.3.3.1.1 MUST be met with an analog signal at +10 dBc in the adjacent channels.

Performance as described in clause 6.3.3.1.1, with an additional 0,2 dB allowance, MUST be met with adigital signal at
+10 dBc in the adjacent channels.

6.3.3.2 256-QAM

6.3.3.2.1 256-QAM CM BER Performance

Implementation loss of the CM MUST be such that the CM achieves a post-FEC BER less than or equal to 108 when
operating at acarrier to noise ratio (E/N) as shown below. If it is not possible to measure post-FEC BER directly,

Codeword Error Rate, R (as defined in clause 6.3.3.1.1) may be used. In this case, the CM MUST achieve a Codeword
Error Rate of less than or equal to 9 x 1077 when operating at a carrier to noise ratio (E4/N,), as shown in the following:

. Input Receive Signal Level EJ/N,.

. -6 dBmV to +15 dBmV 30 dB or greater.

. Lessthan -6 dBmV down to -15 dBmV 33 dB or greater.
6.3.3.2.2 256-QAM Image Rejection Performance

Performance as described in clause 6.3.3.2.1 MUST be met with an analog or adigital signal at +10 dBc in any portion
of the RF band other than the adjacent channels.
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6.3.3.2.3 256-QAM Adjacent Channel Performance

Performance as described in clause 6.3.3.2.1 MUST be met with an analog or a digital signal at 0 dBc in the adjacent
channels.

Performance as described in clause 6.3.3.2.1, with an additional 0,5 dB allowance, MUST be met with an analog signal
at +10 dBc in the adjacent channels.

Performance as described in clause 6.3.3.2.1, with an additional 1,0 dB allowance, MUST be met with adigital signal at
+10 dBc in the adjacent channels.
6.3.4 Downstream Multiple Receiver Capabilities

This clause describes the mechanism by which the CM communicates to the CM TS the constraints on receive channel
assignment imposed by the CM's capabilities. The CM TS needs to be aware of the CM's capabilities when it assigns or
changes the parameters of a downstream channel received by a CM. If the CM were reconfigured without regard to its
capabilities, adisruption of downstream data and/or DOCSIS master clock synchronization could result.

The CM reportsits capabilities to the CMTS by sending its Receive Channel Profiles (RCP). In response, the CMTS
configures the CM by sending a Receive Channel Configuration (RCC).

The CM MUST support al the capability it reportsto the CMTS.
The CMTS MUST NOT command the CM to operate outside its advertised capabilities.

The [18] specification defines the detailed encodings by which Receive Channel Profiles and Receive Channel
Configurations describe Receive Modules, Receive Channels and the interconnections between them.

6.34.1 Receive Module Parameters

A Receive Module (RM) is a grouping of channels, together with parameters describing the constraints on those
channels. Examples of RMs are:

. Tuner, with constraints on capture bandwidth and frequency range.

. Demodulator, with constraints on contiguous positioning of channels, frequency range, modulation order and
interleaver depth.

A Receive Channel Profile communicated from CM to CM TS defines the following attributes of each Receive Module:
. Adjacent Channels. The number of contiguous channels processed by the Receive Module.

. Channel Block Range: The minimum centre frequency of the lowest-frequency channel in the block and the
maximum centre frequency of the highest-frequency channel in the block.

. Common Physical Layer Parameters: A list of physical layer parameters which are shared by all Receive
Channels connected to the Receive Module. Examples may include modulation type and interleaver settings.

. Connection Capahility: A list of the higher level (closer to RF port) Receive Modules to which this Receive
Module can connect.

A Receive Channel Configuration (RCC), communicated from CMTS to CM, assigns one or more of the following
attributes of a Receive Module:

. First Channel Centre Freguency: Centre frequency of the lowest-frequency channel of ablock of adjacent
channels.

. Connection Assignment: Specifies to which single higher-level Receive Module to connect.
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6.3.4.2 Receive Channel Parameters

A Receive Channel (RC) isthe packet stream output to the MAC layer originating from a single QAM channel. A
Receive Channel Profile, communicated from CM to CMTS, defines the following attributes of each Receive Channel:

. Connection Capability: A list of the Receive Modules to which the Receive Channel can connect.
. Connected Offset: The offset of the Receive Channel within a block of adjacent channels.

o Primary Downstream Channel Capability: A flag indicating whether the Receive Channel is capable of
providing the DOCSIS master clock reference to the CM.

A Receive Channel Configuration communicated from CMTS to CM assigns the following attributes to a Receive
Channel:

. Centre Freguency Assignment: The RF centre frequency of the Receive Channel.

o Primary Downstream Channel Indicator: A flag indicating that the CM TS assigns this Receive Channel the
responsibility to provide master clock reference timing to the CM.

. Connection Assignment: Specifiesto which Receive Module the Receive Channel isto connect.

6.3.4.3 Standard Receive Channel Profile

In order to limit the complexity in the CMTS of configuring arbitrarily complicated Receive Channel Profiles, DOCSIS
defines a set of "Standard”" Receive Channel Profiles that describe a minimal set of constraints.

A CM reportsto the CMTS at least one standard RCP as well asits "Manufacturer" RCP that gives more details of its
capabilities and congtraints. If the CMTS configures the CM with a Receive Channel Configuration based on a Standard
RCP, some CM capabilities represented in the Manufacturer RCP but outside the Standard RCP may not be available.

The Standard Receive Channel Profile named "6-DOCSIS-01" is defined for 6 MHz operation as depicted in

figure 6-33. The RF input from the cable plant is connected to a Receive Module with ablock of 10 adjacent channels.
This Receive Modul e represents the constraints of a tuner with a 60 MHz capture bandwidth that can be placed at any
point in the full DOCSI S frequency range. The demodulation of four channels anywhere within the capture bandwidth
is represented by the four Receive Channels, each corresponding to the packet stream from a single QAM channel
output to the MAC layer.
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RF Connection to HFC Plant
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Figure 6-33: 6 MHz DOCSIS Standard Receive Channel Profile 01

For this Standard Receive Channel Profile, the CM TS sends the following parameters to the CM in the Receive Channel
Configuration:

. Centre frequency of the first channel in the 10-channel Receive Module.

. Centre frequency of each Receive Channel within the capture bandwidth of the Receive Module.

6.3.4.4 Example Manufacturer Receive Channel Profile

A more complex example showing a Manufacturer Receive Channel Profile as reported by the CM to the CMTS s
depicted in figure 6-34. The RF input from the cable plant is distributed to three Receive Modules, corresponding to
tuner modules with capture bandwidth constraints. A network connects the tuners to a group of four Receive Modules,
corresponding to demodulators with contiguous channel constraints. Each demodulator connects to four Receive
Channels, each representing a single QAM channel output to the MAC layer.

In response, the CM TS configures each Receive Module and Receive Channel as follows:
. Frequency range of each analog tuner.
. Centre frequency of first channel of each demodulator.
. Centre frequency of each Receive Channel.
o I nterconnection between Receive Modules.

. Interconnection between lower-level (demodulator) Receive Modules and Receive Channels.
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Figure 6-34: Example Manufacturer Receive Channel Profile

6.3.4.5 Reconfiguration of CM Receive Channels

Before the CMTS sends a DBC-REQ (dynamic bonding change request) asking the CM to change parameters of a
receive channel, the CM TS can determine the constraints and connectivity of the CM based on the Receive Channel
Profile and Receive Channel Configuration. From this information, the CM TS can determine whether the requested
change can be implemented by the CM and whether the change will interrupt other downstream channels. In this way,
the CM TS can minimize and/or schedule the disruption of downstream traffic and any perturbations to DOCSIS master
clock timing resulting from receive channel parameter changes.

6.3.5

The "primary downstream channel" of a CM is defined as the downstream channel from which it derives CMTS master
clock timing for upstream transmission. All other concurrently received channels are called " secondary downstream
channels'.

Non-Synchronous DS Channel Support

A DOCSIS 3.0 CM MUST support secondary downstream channels that are asynchronous to the primary downstream
channel, i.e. with adifferent long-term average QAM symbol rate, but that conform to all DOCSIS 3.0 specifications.
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Annex A (normative):
Timing Requirements for Supporting Business Services over
DOCSIS

The CMTS transmitsits 10,24 MHz reference clock timing to the CM viathe downstream QAM symbol clock and via
timing information embedded in downstream SY NC messages. The CM utilizes this downstream clock information to
regenerate alocal 10,24 MHz reference clock. The CM reference clock, together with ranging commands, is used to
accurately time upstream TDMA or S-=CDMA burst transmissions.

Al CMTS

DOCSIS 3.0 CMTSs have the following timing and synchronization requirements:

. The CMTS MUST be able to lock the downstream DOCSIS symbol clock to an external Stratum 1 clock
source.

e TheCMTSMUST be ableto lock the downstream DOCSIS SYNC messages to an external Stratum 1 clock
source, as defined by the CMTS Timestamp Jitter requirementsin [4].

Examples of Stratum 1 clock sources are the Primary Reference Source (PRS) clock and the clock source obtained from
aDTI timing server [2].

A2 CM

The requirement for aDOCSIS 3.0 CM TS to support a symbol clock that is traceable to a Stratum 1 reference
introduces the possibility for a CM to pass that precise clock on to subtending devices in the customer premises.
Support for such aclock output is outside the scope of the present document. One exampl e of the usage of such a clock
output is given in [21], where the CM outputs the recovered master clock to a " Clocking Unit" in an embedded TDM
Emulation Adapter which uses the traceable clock to provide T1 or E1 emulation service.
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Annex B (normative):
Additions and Modifications for European Specification

This annex applies to the second technology option referred to in clause 1.1. For the first option, refer to clauses 4
and 6.

This annex defines the interface for the physical layer used in conjunction with the European multi-program television
distribution. It describes the electrical characteristics and signal processing operations for what is generally called
EuroDOCSIS Cable Modem (CM) and Cable Modem Termination System (CMTS). Thisis an optional annex and in no
way affects certification of equipment adhering to the North American technology option described in the clauses
referenced above.

Requirements referring to the absolute level of electrical power are represented in units of dBmV throughout this
specification. Thisisin contrast to other European standards applicable in cabled distribution systems for television and
sound signals (e.g. [8] or [6]) where such requirements are expressed traditionally in units of dBuV. The valuesin
dBmV used in this specification can be transformed into values in dBuV by adding 60 dB.

The numbering of the paragraphsin this annex has been maintained such that the suffix after the letter for the annex
refers to the part of the specification where the described changes apply to. In cases where the requirements for both
technology options are identical, areferenceis provided to the main text.

B.1  Scope

B.1.1 Introduction and Purpose

Seeclause 1.1.

B.1.2 Background

B.1.2.1 Broadband Access Network

A coaxial-based broadband access network is assumed. This may take the form of either an all-coax or hybrid
fibre/coax (HFC) network. The generic term "cable network" is used here to cover all cases.

A cable network uses a shared-medium, tree-and-branch architecture, with analog transmission. The key functional
characteristics assumed in the present document are the following:

. Two-way transmission.

e A maximum optical/electrical spacing between the CMTS and the most distant CM of 160 km (route meters)
in each direction.

. A maximum differential optical/electrical spacing between the CMTS and the closest and most distant
modems of 160 km (route meters) in each direction.

At a propagation velocity in fibre of approximately 5 ns/m, 160 km of fibre in each direction resultsin a round-trip
delay of approximately 1,6 ms.

B.1.2.2 Network and System Architecture

B.1.2.2.1 The DOCSIS Network
Seeclause 1.2.2.1.
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B.1.2.3 Service Goals

Seeclause 1.2.3.

B.1.2.4 Statement of Compatibility

This annex specifies an interface, commonly referred to as EuroDOCSI'S 3.0, which is the third generation of the
interface, (earlier versions are commonly referred to as EuroDOCSIS 1.x and 2.0). EuroDOCSIS 3.0 MUST be
backward- and forward-compatible with equipment built to the previous specifications. EuroDOCSI S 3.0-compliant
CMsMUST interoperate seamlessly with EuroDOCSIS 2.0 and EuroDOCSIS 1.x CMTSs, albeit in the 2.0 and 1.x
modes, as the case may be. EuroDOCSI S 3.0-compliant CMTSs MUST seamlessly support EuroDOCSIS 2.0 and
EuroDOCSIS 1.x CMs.

B.1.2.5 Reference Architecture

See clause 1.2.5.

B.1.2.6 Void

Table B-1: Void

B.1.3 Requirements

Seeclause 1.3.

B.1.4 Conventions

See clause 1.4.

B.1.5 Organization of Document

See clause 1.5.

B.2 References

B.2.1 Normative References

See clause 2.1.

B.2.2 Informative References

See clause 2.2.

B.2.3 Reference Acquisition

Seeclause 2.3.

B.3 Terms and Definitions

Seeclause 3.1.
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B.4  Abbreviations and Acronyms

See clause 3.2.

B.5 Functional Assumptions

This clause describes the characteristics of a cable television plant, assumed to be for the purpose of operating a data-
over-cable system. It is not adescription of CMTS or CM parameters. The data-over-cable system MUST be
interoperable within the environment described in this clause.

Whenever areferencein this clause to frequency plans or to compatibility with other services conflicts with any legal
requirement for the area of operation, the latter shall take precedence. Any reference to analog TV signalsin a particular
frequency band does not imply that such signals are physically present.

B.5.1 Equipment Assumptions

B.5.1.1 Frequency Plan

In the downstream direction, the cable system is assumed to have a pass band with alower edge of down to 47 MHz.
Typicaly, the lower edge of the downstream pass band is at 87,5 MHz. The upper edge is implementation-dependent
but istypically in the range of 300 MHz to 862 MHz. Within that pass band, PAL/SECAM anaog television signalsin
7/8 MHz channels and FM radio signals are assumed to be present, as well as other narrowband and wideband digital
signals. 8 MHz channels are used for data communication.

In the upstream direction, the cable system is assumed to have a pass band of 5-65 MHz. PAL/SECAM analog
television signalsin 7/8 MHz channels may be present, as well as other signals.

B.5.1.2 Compatibility with Other Services

Seeclause 5.1.2.

B.5.1.3 Fault Isolation Impact on Other Users

Seeclause5.1.3.

B.5.1.4 Cable System Terminal Devices

Compliance with EMC requirementsis not covered by this specification. The protection requirements with respect to
el ectromagnetic compatibility are contained in harmonized standards published in the Official Journal of the European
Union.

Any reference in the present document to the transmission of television in the forward channel that is not consistent
with [3] is outside the normative scope as only [3] is used for digital multi-program TV distribution by cablein
European applications.

Requirements for safety are outside the scope of the present document. Safety standards for European applications are
published by CENELEC. Examples of such CENELEC product safety standards are [9] and [5]. For CENELEC safety
categories of interfaces, see[i.1].

B.5.2 RF Channel Assumptions

Seeclause 5.2.
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B.5.2.1 Transmission Downstream

The RF channel transmission characteristics of the cable network in the downstream direction assumed for the purposes
of minimal operating capability are described in table B-2. These numbers assume total average power of adigital
signal in an 8 MHz channel bandwidth for carrier levels unless indicated otherwise. For impairment levels, the numbers
in table B-2 assume average power in a bandwidth in which the impairment levels are measured in a standard manner
for cable TV systems. For analog signal levels, the numbersin table B-2 assume nominal analog video carrier level
(peak envelope power) in a 7/8 MHz channel bandwidth. Transmission is from head-end combiner to the CM input at
the customer location. All conditions are present concurrently.

Table B-2: Assumed Downstream RF Channel Transmission Characteristics

Parameter Value
Frequency range Cable system downstream operating range is from 47 MHz
to 862 MHz. However, the operating range for data
communication is from 108 MHz to 862 MHz and the values
in this table only apply to this frequency range. The use of
frequencies between 108 MHz and 136 MHz may be
forbidden due to national regulation with regard to
interference with aeronautical navigation frequencies.
RF channel spacing (design bandwidth) 7/8 MHz, 8 MHz channels are used for data communication
Transit delay from head-end to most distant customer < 0,800 ms (typically much less)
Carrier-to-noise ratio in an 8 MHz band (analog video  |Not less than 44 dB (see note 1)
level)
Carrier-to-interference ratio for total power (discrete Not less than 52 dB within the design bandwidth
and broadband ingress signals)
Composite triple beat distortion for analog modulated Not greater than -57 dBc within the design bandwidth (see

carriers note 2)

Composite second-order distortion for analog Not greater than -57 dBc within the design bandwidth (see
modulated carriers note 2)

Cross-modulation level Under consideration

Amplitude ripple 2,5dBin 8 MHz

Group delay ripple in the spectrum occupied by the 100 ns over frequency range 0,5 MHz to 4,43 MHz

CMTS

Micro-reflections bound for dominant echo -10dBc @ 0,5 ps

-15dBc @ <1,0 pys
-20dBc @ =1,5ps
-31,5dBc @ > 1,5 us

Carrier hum modulation Not greater than -46 dBc (0,5 %)

Burst noise Not longer than 25 ps at a 10 Hz average rate

Seasonal and diurnal signal level variation 8 dB

Signal level slope, 85 MHz to 862 MHz Maximum slope of 12 dB in either the positive or negative
direction

Maximum analog video carrier level at the system 17 dBmV (see note 3)

outlet, inclusive of above signal level variation
Lowest analog video carrier level at the system outlet, |0 dBmV (see note 4)
inclusive of above signal level variation
NOTE 1: This presumes that the average digital carrier is operated at analog peak carrier level. When the digital
carrier is operated below the analog peak carrier level, this C/N may be less.

NOTE 2: For SECAM systems the value is no greater than -52 dBc within the design bandwidth.

NOTE 3: For SECAM systems the value is 14 dBmV.

NOTE 4: For SECAM systems the value is -3 dBmV.
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B.5.2.2 Transmission Upstream

The RF channel transmission characteristics of the cable network in the upstream direction assumed for the purposes of
minimal operating capability are described in table B-3. Transmission is from the CM output at the customer location to
the head-end. All conditions are present concurrently.

Table B-3: Assumed Upstream RF Channel Transmission Characteristics

Parameter Value
Freguency range 5 MHz to 65 MHz edge to edge
Transit delay from head-end to most distant customer < 0,800 ms (typically much less)
Carrier-to-noise ratio in active channel Not less than 22 dB
Carrier-to-ingress power (the sum of discrete and Not less than 22 dB (see note 1)
broadband ingress signals) ratio in active channel
Carrier-to-interference (the sum of noise, distortion, Not less than 22 dB (see note 1)

common-path distortion and cross-modulation) ratio in

active channel

Carrier hum modulation Not greater than -23 dBc (7,0 %)

Burst noise Not longer than 10 ps at a 1 KHz average rate for most

cases (see notes 2 and 3)

Amplitude ripple across upstream operating frequency 2,5dBin 2 MHz

range (maximum)

Group delay ripple across upstream operating frequency (300 ns in 2 MHz

range (maximum)

Micro-reflections (maximum) - single echo -10dBc @ 0,5 pus

-20dBc @ < 1,0 ys

-31,5dBc @ > 1,0 ys

Seasonal and diurnal signal level variation Not greater than 12 dB min to max

NOTE 1: Ingress avoidance or tolerance techniques may be used to ensure operation in the presence of time-
varying discrete ingress signals that could be as high as 0 dBc.

NOTE 2: Amplitude and frequency characteristics sufficiently strong to partially or wholly mask the data carrier.

NOTE 3: Impulse noise levels more prevalent at lower frequencies (< 15 MHz).

B.5.2.2.1 Availability

Seeclause 5.2.2.1.

B.5.3 Transmission Levels

Seeclause 5.3.

B.5.4 Frequency Inversion

Seeclause 5.4.

B.6  Physical Media Dependent Sublayer Specification

B.6.1 Scope

This clause defines the electrical characteristics and signal processing operations for a cable modem (CM) and Cable
Modem Termination System (CMTS). It isthe intent of this specification to define an interoperable CM and CMTS
such that any implementation of aCM can work with any CMTS. It is not the intent of this specification to imply any
specific implementation.

This clause applies to the second technology option referred to in clause 1. In cases where the requirements for both
technology options are identical, areference is provided to the main text.
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B.6.2 Upstream

B.6.2.1 Overview

The upstream Physical Media Dependent (PMD) sublayer usesan FDMA/TDMA (herein called TDMA mode) or
FDMA/TDMA/S-CDMA (herein called SSCDMA mode) burst type format, which provides six modulation rates and
multiple modulation formats. The use of TDMA or S-CDMA mode is configured by the CMTS via MAC messaging.

FDMA (frequency division multiple access) indicates that multiple RF channels are assigned in the upstream band. A
CM transmits on one or more RF channels and may be reconfigured to change channels.

A CM MUST support at least 4 active upstream channels (which are referred to as the Transmit Channel Set for that
CM).

The CM reports its maximum number of upstream channels capability and certain other of its capability characteristics,
tothe CMTS (clause B.6.2.25).

The CM MUST be able to operate each channel in the Transmit Channel Set, simultaneously, anywhere in the upstream
band, subject to restrictions on transmit power across the channels and on reconfiguration of certain transmit properties
(see clauses B.6.2.19 and B.6.2.20 and subclauses of each). The CMTS MUST be capable of assigning and receiving
each RF channel anywhere in the upstream band. The CMTS MUST set the number of assigned channels and assigned
channels' centre frequency and al other channel attributes. The CMTS MAY change the number of assigned channels
and the channel attributes. Each RF channel hasits own set of UCD parameters as defined in [18].

TDMA (time division multiple access) indicates that upstream transmissions have a burst nature. A given RF channel is
shared by multiple CMs viathe dynamic assignment of time slots. SSCDMA (synchronous code division multiple
access) indicates that multiple CMs can transmit simultaneously on the same RF channel and during the same TDMA
time slot, while being separated by different orthogonal codes.

In the present document, the following naming conventions are used. For TDMA, the term "modulation rate" refersto
the RF channel symbol rate (160 ksym/sto 5 120 ksym/s). For SSCDMA, the term "modulation rate" refersto the "chip
rate," which isthe rate (1 280 kHz to 5 120 kHz) of the individual elements (chips) of the SCDMA spreading code.
Modulation rates are represented in units of "Hz" denoting the number of symbols per second in TDMA mode or the
number of chips per second in SSCDMA mode. The "modulation interval" is the symbol period (TDMA maode) or chip
period (SSCDMA mode) and isthe reciprocal of the modulation rate. At the output of the spreader, a group of 128 chips
which comprise asingle SSCDMA spreading code and are the result of spreading a single information (QAM
congtellation) symbol is referred to as a " spread symbol". The period of a spread symbol (128 chips) iscaled a
"spreading interval". A "burst" is aphysical RF transmission that contains a single preamble plus data and (in the
absence of preceding and following bursts) exhibits RF energy ramp-up and ramp-down.

In some cases logical zeros or logical ones are used to pad data blocks; this indicates data with zero-valued or
one-valued binary bits, which result in non-zero transmitted RF energy. In other cases a numerical zero is used; this
denotes, for example, symbols which result in zero transmitted RF energy (after ramp-up and ramp-down are taken into
account).

The modulation format includes pulse shaping for spectral efficiency, is carrier-frequency agile and has selectable
output power level.

Each burst supports a flexible modulation order, modulation rate, preamble, randomization of the payload and
programmable FEC encoding.

All of the upstream transmission parameters associated with burst transmission outputs from the CM are configurable
by the CMTS viaMAC messaging. Many of the parameters are programmable on a burst-by-burst basis.

The PMD sublayer can support a near-continuous mode of transmission, wherein ramp-down of one burst MAY overlap
the ramp-up of the following burst, so that the transmitted envelope is never zero. In TDMA mode, the system timing of
the TDMA transmissions from the various CMs MUST provide that the centre of the last symbol of one burst and the
centre of the first symbol of the preamble of an immediately following burst are separated by at least the duration of
five symbols. The guard band MUST be greater than or equal to the duration of five symbols plus the maximum timing
error. Timing error is contributed by both the CM and CMTS. CM timing performance is specified in clause B.6.2.20.1.
Maximum timing error and guard band may vary with CMTSs from different vendors. The term guard timeis similar to
the guard band, except that it is measured from the end of the last symbol of one burst to the beginning of the first
symbol of the preamble of an immediately following burst. Thus, the guard time is equal to the guard band - 1.
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The PMD sublayer aso supports a synchronous mode of transmission when using S-CDMA, wherein ramp-down of
one burst MAY completely overlap the ramp-up of the following burst, so that the transmitted envelope is never zero.
Thereis no guard time for transmission on SSCDMA channels. The system timing of the SSCDMA transmissions from
the various CMs MUST provide adequate timing accuracy so that different CMs do not appreciably interfere with each
other. SSCDMA utilizes precise synchronization so that multiple CMs can transmit simultaneously.

The upstream modulator is part of the cable modem which interfaces with the cable network. The modulator contains
the electrical-level modulation function and the digital signal-processing function; the latter provides the FEC, preamble
prepend, symbol mapping and other processing steps.

At the Demodulator, similar to the Modulator, there are two basic functional components: the demodulation function
and the signal processing function. The Demodulator resides in the CM TS and there is one demodulation function (not
necessarily an actual physical demodulator) for each carrier frequency in use. The demodulation function receives all
bursts on a given frequency.

The demodulation function of the Demodulator accepts a varying-level signal centred around a commanded power |evel
and performs symbol timing and carrier recovery and tracking, burst acquisition and demodulation. Additionally, the
demodulation function provides an estimate of burst timing relative to areference edge, an estimate of received signal
power, may provide an estimate of signal-to-noise ratio and may engage adaptive equalization to mitigate the effects of
a) echoesin the cable plant, b) narrowband ingress and c) group delay. The signal-processing function of the
Demodulator performs the inverse processing of the signal-processing function of the Modulator. Thisincludes
accepting the demodulated burst data stream and decoding, etc. The signal-processing function also provides the edge-
timing reference and gating-enable signal to the demodulators to activate the burst acquisition for each assigned burst
dlot. The signal-processing function may also provide an indication of successful decoding, decoding error, or fail-to-
decode for each codeword and the number of corrected Reed-Solomon symbolsin each codeword. For every upstream
burst, the CMTS has a prior knowledge of the exact burst length in modulation intervals. (See clauses B.6.2.5,
B.6.25.1,B.6.2.5.2, B.6.2.6, B.6.2.20 and [18] in the MAC Service ID clause.)

B.6.2.2 Signal Processing Requirements

See clause 6.2.2.

B.6.2.3 Modulation Formats
See clause 6.2.3.

B.6.2.4 R-S Encode

B.6.24.1 R-S Encode Modes

See clause 6.2.4.1.

B.6.2.4.2 R-S Bit-to-Symbol Ordering
Seeclause 6.2.4.2.

B.6.2.5 Upstream R-S Frame Structure for DOCSIS 3.0 Multiple Transmit
Channel mode Enabled

See clause 6.2.5.

B.6.2.5.1 R-S Codeword Length

See clause 6.2.5.1.

B.6.2.5.1.1 Burst Size
Seeclause 6.2.5.1.1.
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B.6.2.5.1.2 Fixed Codeword Length
Seeclause 6.2.5.1.2.

B.6.2.5.1.3 Shortened Last Codeword
Seeclause 6.2.5.1.3.

B.6.2.5.2 R-S FEC Disabled
See clause 6.2.5.2.
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B.6.2.6 Upstream R-S Frame Structure for DOCSIS 3.0 Multiple Transmit

Channel mode Not Enabled
See clause 6.2.6.

B.6.2.7 TDMA Byte Interleaver

Seeclause 6.2.7.

B.6.2.7.1 Byte Interleaver Parameters
Seeclause 6.2.7.1.

B.6.2.7.2 Interleaver Operating Modes
See clause 6.2.7.2.

B.6.2.7.2.1 Fixed Mode
Seeclause 6.2.7.2.1.

B.6.2.7.2.2 Dynamic Mode
See clause 6.2.7.2.2.

B.6.2.8 Scrambler (Randomizer)
See clause 6.2.8.

B.6.2.9 TCM Encoder
See clause 6.2.9.

B.6.2.9.1 Byte to TCM Symbol Mapping
Seeclause 6.2.9.1.

B.6.2.10 Preamble Prepend

See clause 6.2.10.

B.6.2.11 Modulation Rates

See clause 6.2.11.
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B.6.2.11.1 DOCSIS 3.0 Modulation Rates
Seeclause 6.2.11.1.

B.6.2.11.2 Backward Compatibility Modulation Rates

See clause 6.2.11.2.
B.6.2.12 S-CDMA Framer and Interleaver

B.6.2.12.1 S-CDMA Framing Considerations

Seeclause 6.2.12.1.

B.6.2.12.2  Mini-slot Numbering
See clause 6.2.12.2.

B.6.2.12.2.1 Mini-slot Numbering Parameters in UCD
See clause 6.2.12.2.1.

B.6.2.12.2.2 Mini-slot Numbering Examples
See clause 6.2.12.2.2.

B.6.2.12.3 Transmission Time

See clause 6.2.12.3.

B.6.2.12.4 Latency Considerations
See clause 6.2.12.4.

B.6.2.12.5 Spreader-off Bursts for Maintenance on S-CDMA channel

See clause 6.2.12.5.

B.6.2.12.6  Limiting the Number of Codes Assigned to a CM

See clause 6.2.12.6.

B.6.2.13 S-CDMA Framer

See clause 6.2.13.

B.6.2.13.1 Subframe Definition

See clause 6.2.13.1.

B.6.2.13.2 Framer Operation
See clause 6.2.13.2.

B.6.2.13.2.1 Rules for Preamble and Coded TCM Symboils
See clause B.6.2.13.2.1.
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B.6.2.13.2.2 Rules for Uncoded Symbols and the Uncoded TCM Subsymbols
See clause 6.2.13.2.2.

B.6.2.13.2.3 Subframe Example
See clause 6.2.13.2.3.

B.6.2.13.2.4 Frame Transmission

See clause 6.2.13.2.4.

B.6.2.14 Symbol Mapping

See clause 6.2.14.

B.6.2.15 S-CDMA Spreader

See clause 6.2.15.

B.6.2.15.1 Code Hopping
See clause 6.2.15.1.

B.6.2.15.1.1 Code Hopping Mode 1
See clause 6.2.15.1.1.

B.6.2.15.1.2 Code Hopping Mode 2
See clause 6.2.15.1.2.

B.6.2.15.1.3 Code Hopping Generator
See clause 6.2.15.1.3.

B.6.2.16 Transmit Pre-Equalizer

A transmit pre-equalizer of alinear equalizer structure, as shown in figure B-1, MUST be configured for each upstream
channel used by the CM in response to the Ranging Response (RNG-RSP) message transmitted by the CMTS.

There are two modes of operation for the pre-equalizer of aCM: DOCSIS 1.1 mode and DOCSIS 2.0 pre-equalization
mode: In DOCSIS 1.1 mode, the CM MUST support a (T)-spaced equalizer structure, with 8 taps. The pre-equalizer
MAY have 1, 2, or 4 samples per symbol, with atap length longer than 8 symbols. In DOCSIS 1.1 pre-equalization
mode, for backwards compatibility, the CMTS MAY support fractionally spaced equalizer format (T/2 and T/4). In
DOCSIS 2.0 pre-equalization mode, the pre-equalizer MUST support a symbol (T)-spaced equalizer structure with

24 taps.

In DOCSIS 1.x-only logical channels (type 1 logical channels[3]), the CM and the CMTS MUST use DOCSIS 1.1
pre-equalization mode.

In DOCSIS 2.0-only or DOCSIS 3.0-only logical channels (type 3 or type 4 logical channels[3]), the CM and the
CMTSMUST use DOCSIS 2.0 pre-equalization mode.

In DOCSIS 1.x/2.0 mixed logical channels (type 2 logical channels[3]), the CM and the CMTS MUST use

DOCSIS 1.1 pre-equalization mode from initial ranging until DOCSIS 2.0 mode is enabled or until Multiple Transmit
Channel mode is enabled in the registration process (if either is enabled). The CM and CMTS MUST use DOCSIS 2.0
pre-equalization mode after DOCSIS 2.0 is enabled for the CM. In the case that a CM is placed into Multiple Transmit
Channel mode, the CM and CMTS use DOCSI'S 2.0 pre-equalization for all bursts on type 2 logica channels whether

the burst descriptor in the UCD for the transmitted burst isa Type 4 or Type 5 burst descriptor.
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Figure B-1: Transmit Pre-Equalizer Structure

The RNG-RSP MAC message carries the CM transmit equalization information and may instruct the CM to either
convolve the equalizer coefficients, or (in DOCSIS 2.0 pre-equalization mode only) load them directly. When the CM is
instructed to convolve the transmit equalizer coefficients, it MUST convolve the coefficients sent by the CMTS in the
RNG-RSP with the existing coefficients, to get the new coefficients. After convolving, the CM MUST truncate the
convolution result, such that 24 taps (8 tapsin DOCSIS 1.1 pre-equalization mode) remain after the truncation, with the

main tap located at the tap designated by the last RNG-RSP received by the CM. The operation of the convolutionis
formulized by the following equation:

min(24-L™ n4L™-L™1_g) A

m+1 m
Fooo = Z I:n—k+Lm—Lm+1 * Fram, n=1.24
k=max(1- L™ nr L™ - L™ _24)

where:

o F T are the coefficients prior to the convolution;

1
. Fa are the coefficients after the convol ution;
. N are the coefficients sent from the CMTS;
L m
. isthe main tap location prior to the convolution;
m+1
. is the main tap location after the convolution as dictated by the CMTS,

In DOCSIS 2.0 pre-equalization mode, the CMTS MAY instruct the CM to load the transmit pre-equalizer coefficients.
When the CM isinstructed to load the transmit equalizer coefficients, it MUST load the coefficients sent by the CMTS
into the pre-equalizer coefficients after proper normalization, if necessary.

In DOCSIS 1.x-only logical channels, in responseto aninitia ranging request and periodic ranging requests prior to
CM registration, when the CMTS sends the pre-equalizer coefficients, the CMTS MUST compute and send them with
an equalizer length of 8 and in T-spaced format, where T is the modulation interval. After registration, the CMTS MAY
use afractionally spaced equalizer format (T/2- or T/4-spaced), with alonger tap length, to match the CM pre-equalizer
capabilities that the CM TS learned from the REG-REQ message modem capabilities field.

In DOCSIS 2.0-only or DOCSIS 3.0-only logical channels, the CMTS MUST compute and send the pre-equalizer
coefficients with an equalizer length of 24 and in T-spaced format, at all times.
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In DOCSIS 1.x/2.0 mixed logical channels, in response to an initial ranging request and periodic ranging requests prior
to CM registration, when the CM TS sends the pre-equalizer coefficients, the CMTS MUST compute and send them
with an equalizer length of 8 and in T-spaced format. After registration, if the DOCSIS 1.1 pre-equalization mode is
enabled, the CMTS MAY use afractionally spaced equalizer format (T/2- or T/4-spaced), with alonger tap length, to
match the CM pre-equalizer capabilities that the CM TS learned from the REG-REQ message modem capabilities field.
If DOCSIS 2.0 pre-equalization mode or Multiple Transmit Channel mode is enabled for the CM, the CMTS MUST use
a T-spaced equalizer structure with 24 taps. If the first update of the pre-equalizer after the activation of DOCSIS 2.0
pre-equalization mode uses "convolve' mode, the CM MUST zero-pad the existing 8-tap filter to a 24-tap filter and
convolve, according to the rules above.

Prior to making aninitial ranging request and whenever the upstream channel frequency or upstream channel
modulation rate changes, the CM MUST initialize the coefficients of the pre-equalizer to a default setting in which all
coefficients are zero, except the real coefficient of the first tap (i.e. F1). Whenever the main location is changed, the
CM, not the CMTS, MUST compensate for the delay (ranging offset), due to a shift from the previous main tap
location, to a new main tap location of the equalizer coefficients, sent by the CMTS (in both "convolve" and "load"
operations). The pre-equalizer coefficients are then updated through the subsequent ranging process (unicast initial
ranging and periodic ranging).

In DOCSIS 1.1 pre-equalization mode, the CMTS MUST NOT move the main tap location during periodic ranging.

In DOCSIS 1.1 pre-equalization mode, the CMTS MUST NOT instruct the CM to load the transmit equalizer
coefficients.

In DOCSIS 2.0 pre-equalization mode, the CMTS MAY move the main tap location during unicast initial ranging or
periodic ranging.

Equalizer coefficients may be included in every RNG-RSP message, but typically they only occur when the CMTS
determines that the channel response has significantly changed. The frequency of equalizer coefficient updatesin the
RNG-RSP message is determined by the CMTS.

The CM MUST normalize the transmit equalizer coefficientsin order to guarantee proper operation (such as not to
overflow or clip). The CM MUST NOT change itstarget transmit power due to gain or loss of the new coefficientsin
both "convolve" and "load" operations. The target power is defined in clause B.6.2.19.

In DOCSIS 1.1 mode, if the CM equalizer structure implements the same number of coefficients as assigned in the
RNG-RSP message, then the CM MUST NOT change the location of the main tap in the RNG-RSP message. If the CM
equalizer structure implements a different number of coefficients than defined in the RNG-RSP message, the CM MAY
shift the location of the main tap value. The CM MUST adjust its ranging offset, in addition to any adjustment in the
RNG-RSP message, by an amount that compensates for the movement of the main tap location.

B.6.2.17 Spectral Shaping

See clause 6.2.17.

B.6.2.17.1 Upstream Frequency Agility and Range
The CM MUST support operation over the Standard Upstream Frequency Range of 5 MHz to 65 MHz, edge to edge.
Offset frequency resolution MUST be supported per table B-9.

B.6.2.17.2 Spectrum Format
Seeclause 6.2.17.2.

B.6.2.18 Relative Processing Delays

See clause 6.2.18.
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B.6.2.19 Transmit Power Requirements

The following requirements apply with Multiple Transmit Channel mode enabled. Requirements with Multiple
Transmit Channel mode disabled are addressed in clause B.6.2.19.4.

The CM MUST support varying the amount of transmit power. Requirements are presented for 1) range of reported
transmit power per channel; 2) step size of power commands; 3) step size accuracy (actual change in output power per
channel compared to commanded change); and 4) absolute accuracy of CM output power per channel. The protocol by
which power adjustments are performed is defined in [18]. Such adjustments by the CM MUST be within the ranges of
tolerances described below. A CM MUST confirm that the transmit power per channel limits are met after a RNG-RSP
isreceived for each of the CM's active channel s that are referenced. An active channel for aCM is defined as any
channel for which the CM has been given a grant, which it will use for channel initialization, or ranging, or any channel
for which the CM is"ranged". The set of "active channels" is also called the Transmit Channel Set. (There will be some
mechanism by which aCMTS can command a CM to deactivate an active channel, for the purpose of either reducing
the number of active channels on that CM or for the purpose of adding a different active channel as a replacement
upstream channel for that CM.) Note that the set of channels actually bursting upstream from a CM is a subset of the
active channels on that CM; often one or al active channels on a CM will not be bursting, but such quiet channels are
till "active channels' for that CM.

Transmit power per channel is defined as the average RF power in the occupied bandwidth (channel width) transmitted
in the data symbols of a burst, assuming equal likely QAM symbols, measured at the F-connector of the CM. Total
transmit power is defined as the sum of the transmit power per channel of each channel transmitting a burst at a given
time. Maximum and minimum transmit power per channel level requirements refer to the CM's target transmit power
per channel levels, defined as the CM's estimate of its actual transmit power per channel. The actual transmitted power
per channel MUST be within 2 dB of the target power. The target transmit power per channel MUST be variable over
the range specified in table B-9. The target transmit power per channel MAY be variable over arange that extends
above the maximum level s specified in tables B-4, B-5 and B-6. The CM MUST NOT exceed atarget transmit power
level per channel of 61 dBmV. Note that all fidelity requirements specified in clause B.6.2.22 still apply when the CM
is operating over an extended transmit power range.

The CM communicates its ability to transmit above the maximum levels defined in tables B-4, B-5 and B-6 to the
CMTS viaamodem capability encoding as defined in [18]. When the CM indicates that it supports the extended range
and the CM TS confirms this capability, for each combination of the number of channelsin the Transmit Channel Set
and constellation the CM and CMTS MUST use the greater of the value from the CM's advertised capability encoding
and the default value of P, specified in tables B-4, B-5 and B-6 as P, for that particular combination. When the

CM indicates that it supports the extended range and the CM TS disabl es this capability, the CM and CMTS MUST use
the default values of Py, specified in tables B-4, B-5 and B-6.

With Multiple Transmit Channel mode enabled, let P4 = Py - P,, for each channel, using the definitions for Py; and P,
in the subclauses of clause B.6.2.19. The channel corresponding to the minimum value of P, is called the highest

loaded channel and its value is denoted as P4 1 inthis specification, even if there is only one channel in the Transmit
Channel Set. A channel with high loading has alow Pioad n vaue (but not less than 0); the value of P, ,, is analogous

to an amount of back-off for an amplifier from its max power output. A channel has lower power output when that
channel has alower loading (more back-off) and thus a higher value of Py, . Note that the highest loaded channel is

not necessarily the channel with the highest transmit power, since a channel's max power depends on the modulations it
issupporting in its burst profiles. The channel with the second lowest value of P, is denoted as the second highest

loaded channel and its loading value is denoted as P,y »- The channel with the third lowest value of P, isthe third
highest loaded channel and itsloading valueis denoted as Pioad 3 @nd the channel with the fourth lowest loading value
is denoted as the fourth highest loaded channel and itsloading valueis Py 4 (in the case of fewer than 4 channelsin
the Transmit Channel Set, P4 , will only be valid for the n active upstream channels). Pioad min set defines the upper
end of the Dynamic Range Window for the CM with respect to Py, for each channel. P, min_ SHT/viII limit the
maximum power possible for each active channel to a value less than P,; when Py ooy 1in ;x is greater than zero.

Pioad min set 1S @vaue commanded to the CM from the CMTS when the CM is given a TCC in registration and RNG-
RSP messages [18]. Pioag min setr Pload n, Pri v Pr_n, €iC. are defined only when Multiple Transmit Channel mode is
enabled.
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The CMTS MUST provide Pioaq min sat SUchthat P 1y = Pioag min s = Piow n fOr €ach active channel, or
equivalently:

0 <Pioad min_set = Phi_n~Piow n

CMTS commands adjusting P, , MUST be consistent with the Pioo i st Previously assigned to the CM and with the
following limits:

F)Ioad_mi n_set = |:)hi_n - F)r_n = I:)Ioad_min_set +12dB
and the equivalent:
Phi_n - (Pioad_min_set T 12dB) <P, n <Py - Pioag min_sat

A valueis computed, Pyg,, myiti n for each channel in the Transmit Channel Set, which sets the lower end of the
transmit power Dynamic Range Window for that channel, given the upper end of the range (which is determined by
Pload_min_set)-

PIow_multi_n = Phi_n - PIoad_min_set -12.dB.

The effect of Py, myiti n 1S to restrict the dynamic range required (or even allowed) by a CM acrossits multiple
channels, when operating with multiple active channels.

When the CMTS sends a new value of Pigq min s t0 the CM, there is a possibility that the CM will not be able to

implement the change to the new value immediately, because the CM may be in the middle of bursting on one or more
of its upstream channels at the instant the command to change Py min s IS received at the CM. Some amount of time

may elapse before the CMTS grants global reconfiguration time to the CM. Similarly, commanded changesto P, , may
not be implemented immediately upon reception at the CM if the nth channel is bursting. Commanded changesto P, |,
may occur simultaneously with the command to change Pioq min st The CMTS SHOULD NOT issue achangein -
Pioad min set &fter commanding achangein P, , until after aso periding asufficient reconfiguration time on the nfh
channel. The CMTS SHOULD NOT issue achangein Pioad min set &fter commanding a prior change in Po.y min set
until after also providing a global reconfiguration time for the first command. Also, the CMTS SHOULD NOT issue a
changein P, ,, @) until after providing a global reconfiguration time following a command for a new val ue of

Pioad min set @1d b) until after providing a sufficient reconfiguration time on the nt channel after issuing a previous
changein P, ,,. In other words, the CMTSiis to avoid sending consecutive changesin P, ,and/or Pigay min st 10 the CM
without a sufficient reconfiguration time for instituting the first command. When a concurrent new value of Pload min set
and changein P, , are commanded, the CM MAY wait to apply the changein P, , at the next global reconfigurat_ion -
time(i.e concurrent with the institution of the new value of Pload min set) rather than applying the change at the first
sufficient reconfiguration time of the nh channel. The value of P,y min s Which appliesto the new P, isthe
concurrently commanded P,y min st ValUe and thusif the change to Pr_n falls outside the Dynamic Range Window of
the old Pigaq min <t thenthe CM MUST wait for the global reconfiguration time to apply the change in P o

The CM MUST ignore the command to increase the per-channel transmit power if such a command would cause P
for that channel to drop below Py min - Note that the CMTS can allow small changes of power in the CM's highest

loaded channel, without these fluctuations impacting the transmit power dynamic range with each such small change.
Thisis accomplished by setting P,oq min set {0 @smaller value than normal and fluctuation of the power per channel in

the highest loaded channel is expected to wander. The CM also MUST ignore any commanded change of per channel
transmit power which would result in P, , falling below the Dynamic Range Window, i.e. lower power than permitted

by the Dynamic Range Window, which is determined by Pload_min set- The CM also MUST ignore a command
changing Pyooq min set SUCh that existing values of P, , would fall outside the new Dynamic Range Window.

The following two paragraphs define the CM and CM TS behaviour in cases where there are Dynamic Range Window
violations due to indirect changesto Py, |, or addition of anew channel with incompatible parameters, without direct

change of P, , or Pioaq min sat-
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A change in the number of active channels changes Py; |, of the existing active channels (due to different P, |,

calculation tables for different number of active channels). Prior to changing the number of active channels, the CMTS
SHOULD change P, |, of all current active channels, if necessary, to fit in the new expected Dynamic Range Window.
If the change in the number of active channels would cause a violation of the Dynamic Range Window of one of the
existing active channels, the CM will ignore the change (i.e. not adding/removing an active channel). In such case, the
CM will aso indicate partial service message in the REG-ACK or DBC response [18].

When adding a new active channel to the transmit channel set, the new channel's power is cal culated according to the
offset value definein TLV 46.8.4[18], if it is provided. The CMTS SHOULD NOT set an offset value that will result in
aP, , for the new channel outside the Dynamic Range Window. In the absence of the TLV, the new channel's power is

initial ly set by the CM at the minimum allowable power, i.e. the bottom of the Dynamic Range Window.

If one of the new active channels added by the change in the number of active channels violates the Dynamic Range
Window, the CM will ignore the change (i.e. not adding/removing an active channel). In such case, the CM will also
indicate partial service message in the REG-ACK or DBC response [18].

For aUCD change, P, , may change due to a change in the modulation types. Additionally, a UCD change that
modifies the symbol rate may result in achangein P, ,, The CMTSMUST NOT send a UCD change for the nth
active channel that violates Py 1, - Pioad min st > Plow n If @ UCD changesthe Py, |, for the nth active channel [18], the
CM setsP, =Py 0~ Pioad n for that channel, when the change count of the MAP matches the change count in the new
UCD. The new (changed) P_hi n @nd the current P4 ,, are used in the calculation. The CM maintains Py n, at itsvalue
at the time the MAP change count matches the new UCD change count and calculates anew P, , and target power for

the channel, to be applied for bursts granted in the MAP with change count matching the change count in the new UCD.
The change in the transmit power P, |, due to the recalculation with the new Py, , is not considered a change in the

"commanded" transmit power, for example asin clauses B.6.2.19, B.6.2.20 and B.6.2.22 and thus this change is
required to be transparent on all active channels continuously bursting throughout such a change. The CM is expected to
meet all requirements without need of global reconfiguration time, even with the induced changein P unless, of

course, other parameters are changed which do imply the CM should be provided a global reconfiguration time.

The spurious performance requirements of clauses B.6.2.22.1, B.6.2.22.1.1 and B.6.2.22.1.2 apply when the CM is
operating within certain ranges of values for P, p,, for n =1 to the active number of upstream channels and for certain

ranges of the number of spreading codes being transmitted as a fraction of the total number of active codes on a channel
for SSCDMA channels, as detailed in those clauses.

Transmit power per channel, for each channel, as reported by the CM in the MIB, is referenced to the 64-QAM
constellation. When transmitting with other constellations, a slightly different transmit power will result, depending on
the constellation gain in tables B-4, B-5 and B-6. As an example, if the reported power in a channel is30 dBmV,
64-QAM will be transmitted with a target power of 30 dBmV in that channel, while QPSK will be transmitted with
28,82 dBmV in that channel.

Table B-4: Constellation Gains and Per Channel Power Limits with One Channel
in the Transmit Channel Set

Constellation Pmin P P P - Prmax - Prmax -
Constellation GRZthf/ceo?Zt dBmV) @BmV) | (@BmV) | Geons: (Séomni;) (Séf:;i})

64-QAM (dB) L M H TDMA S-CDMA (dBmV) TDMA S.CDMA
QPSK -1,18 17 | 20 23 61 56 18,18 62,18 57,18
8-QAM -0,21 17 | 20 23 58 56 17,21 58,21 56,21
16-QAM -0,21 17 | 20 | 23 58 56 17,21 58,21 56,21
32-QAM 0,00 17 | 20 | 23 57 56 17,00 57,00 56,00
64-QAM 0,00 17 | 20 | 23 57 56 17,00 57,00 56,00
128-QAM 0,05 17 | 20 | 23 N/A 56 16,95 N/A 55,95
NOTE: P, is afunction of Modulation Rate, with L = 1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.

ETSI



Table B-5: Constellation Gains and Per Channel Power Limits with Two Channels

109

Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

in the Transmit Channel Set

Constellation Phin p p P Prmax - Prmax -

Constelation | (27 e ey @BmV) | @BmV) | Goons (S Bmv) (S Bmv)
m m

64-QAM (dB) L M H TDMA S-CDMA (dBmV) TDMA S-CDMA
QPSK -1,18 17 | 20 23 58 53 18,18 59,18 54,18
8-QAM -0,21 17 | 20 23 55 53 17,21 55,21 53,21
16-QAM -0,21 17 | 20 23 55 53 17,21 55,21 53,21
32-QAM 0,00 17 | 20 | 23 54 53 17,00 54,00 53,00
64-QAM 0,00 17 | 20 | 23 54 53 17,00 54,00 53,00
128-QAM 0,05 17 | 20 23 N/A 53 16,95 N/A 52,95
NOTE: P, is afunction of Modulation Rate, with L = 1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.

Table B-6: Constellation Gains and Per Channel Power Limits with Three or Four Channels
in the Transmit Channel Set

Constellation Pmin P P Prax - Prax -
Constellation Gain .Gconst (d BmV) (d erng) (d erng) F)min - Gconst Gconst C:\'const
Relative to L M H MA | sccova | (@BmV) (dBmV) (dBmV)
64-QAM (dB) TDMA S-CDMA
QPSK -1,18 17 20 23 55 53 18,18 56,18 54,18
8-QAM -0,21 17 20 23 52 53 17,21 52,21 53,21
16-QAM -0,21 17 20 23 52 53 17,21 52,21 53,21
32-QAM 0,00 17 20 23 51 53 17,00 51,00 53,00
64-QAM 0,00 17 20 23 51 53 17,00 51,00 53,00
128-QAM 0,05 17 20 23 N/A 53 16,95 N/A 52,95
NOTE: Pmin is @ function of Modulation Rate, with L = 1 280 kHz, M = 2 560 kHz and H = 5 120 kHz.

The actual transmitted power per channel, within aburst, MUST be constant to within 0,1 dB peak to peak, even in the
presence of power changes on other active channels. This excludes the amplitude variation, theoretically present, due to
QAM amplitude modulation, pulse shaping, pre-equalization and for SCDMA, spreading and varying number of

allocated codes.

The CM MUST support the transmit power calculations defined in clauses B.6.2.19.1 and B.6.2.19.2.

B.6.2.19.1

TDMA Transmit Power Calculations

In TDMA mode, the CM determinesiits target transmit power per channel P, as follows, for each channel thet is active.
Define for each active channel, for example, upstream channel X:

. P, = Reported power level (dBmV) of CM in MIB (refers to 64-QAM constellation) for channel X.

. AP = Power level adjustment (dB); for example, as commanded in ranging response message.

. G

const

= Congtellation gain (dB) relative to 64-QAM constellation per clause B.6.2.19.

. Pmin = Minimum target transmit power per channel permitted for the CM per clause B.6.2.19.

° Pm

e Pyi=min (P - Geong) OVer al burst profiles used by the CM in channel X per clause B.6.2.19.

I:)I ow

=max (P,

min ~

ax = Maximum target transmit power permitted for the CM per clause B.6.2.19.

Geongt) OVver al burst profiles used by the CM in channel X per clause B.6.2.19.

. P = Target transmit power per channel level (dBmV) of CM in channel X (actual transmitted power per
channel in channel X as estimated by CM).
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In the event of a UCD which changes the P,; for an active channel [18], the CM sets P, = Py;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.

The CM updates its reported power per channel in each channel by the following steps:

1) P, =P, +AP//Add power level adjustment (for each channel) to reported power level for each channel.
2) P,=min[P, P] //Clip a max power limit per channel.
3) P,=max[P, Pl /Clip a min power limit per channel.

4)  Test, IF[P, <Py muiil» ignore command and restore previous P, //Power per channel from this command
would violate the set Dynamic Range Window.

5) Test, IF[P,> Py -Pioad min satl» ignore command and restore previous P, //Power per channel from this
command would violate the set Dynamic Range Window.

The CM then transmits, in channel X with target power per channel P, = P, + G, . i.€. the reported power, plusthe
constellation gain.

Usually the reported power level isarelatively constant quantity, while the transmitted power level in channel X varies
dynamically as different burst profiles, with different constellation gains, are transmitted. A CM's target transmit power
per channel MUST never be below P, , or above P,,,. Thisimplies that in some cases, the extreme transmit power

levels (e.g. 61 dBmV for QPSK and 17 dBmV) may not be permitted if burst profiles with multiple constellations are
active. Also, if only QPSK is used, the reported power per channel may be greater than 61 dBmV, although the target

transmit power per channel will not exceed 61 dBmV.

For example, if with two channels active in channel X, only QPSK and 64-QAM burst profiles are active,
P =54 dBmV and P, = 18,2 dBmV for 1 280 kHz modulation rate. P,,, is dependent on modulation rate. The

maximum permitted QPSK transmitted power in channel X is54 dBmV - 1,2 dB = 52,8 dBmV, the minimum QPSK
power in channel X is18,2dBmV - 1,2 dB = 17 dBmV (with 1 280 kHz modulation rate), the maximum 64-QAM
power in channel X is54 dBmV and the minimum 64-QAM power in channel X is 18,2 dBmV (with 1 280 kHz
modulation rate).

B.6.2.19.2 S-CDMA Transmit Power Calculations

See clause 6.2.19.2.

B.6.2.19.2.1 S-CDMA Transmit power Calculations with Maximum Scheduled Codes Not
Enabled

In SSCDMA mode when Maximum Scheduled Codes is not enabled, the CM determines its target transmit power per
channel P, asfollows, for each channel which is active. Define for each active channel, (for example, upstream

channel X):

o P, = reported power level (dBmV) of CM in MIB (refers to 64-QAM constellation and all active codes
transmitted) for channel X.

e Pyi=min [P, - Geongl OVer al burst profiles used by the CM in channel X per clause B.6.2.19.

Plow = MaX [Prin - Geongtl + 10 log(number_active_codes/number_of_codes_per_mini-slot) where the
maximum is over all burst profiles used by the CM in channel X per clause B.6.2.19.

In the event of a UCD which changes the P,; for an active channel [18], the CM sets P, = Py;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.
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The CM updates its reported power per channel in each channel by the following steps:

1) P,=P,+AP//Add power level adjustment (for each channel) to reported power level for each channel.
2) P,=min[P, P] //Clip at max power limit per channel.
3) P,=max[P,, Pyl //Clip a min power limit per channel.

4)  Test, IF[P, <Pigy muil. ignore command and restore previous P, //Power per channel from this command
would violate the set Dynamic Range Window.

5)  Test, IF[P, > Py -Poag min_satl» ignore command and restore previous P, /Power per channel from this
command would violate the set Dynamic Range Window.

In a spreader-on frame, the CM then transmits each code i with target power:
Pti = Py + Geonatii - 10 log(number_active_codes)

i.e. the reported power for channel X, plus the constellation gain G,4.; of that code, less a factor taking into account
the number of active codes. The total transmit power in channel X, Py, in aframeis the sum of the individual transmit
powers Py ; of each code in channel X, where the sum is performed using absolute power quantities [non-dB domain].

In a spreader-off frame, the CM target transmit power in channel X isP, = P, + G-

The transmitted power level in channel X varies dynamically as the number of allocated codes varies and as different
burst profiles with different constellation gains, are transmitted. A CM's target transmit power per channel MUST never

be below Py, or above P,,,,., including over al numbers of allocated codes and all burst profiles. Thisimpliesthat in
some cases the extreme transmit power levels per channel (e.g. 17 dBmV and 56 dBmV) may not be permitted. Also, if
only QPSK is used, the reported power in a channel may be greater than 56 dBmV, although the target-transmit power

per channel will not exceed 56 dBmV.

If, for example, the Transmit Channel Set contains only one channel and this channel, channel X, has QPSK and
64-QAM burst profiles, the number of active codesis 128 and the number of codes per mini-slot is 2, then

P, =56 dBmV and P, = 36,24 dBmV for 1 280 kHz modulation rate. P,,, is dependent on modulation rate. The
maximum permitted QPSK transmitted power in channel X is56 - 1,18 = 54,82 dBmV when all active codes are
transmitted. The minimum QPSK power in channel X is 36,24 dBmV - 1,18 dB - 10log(128) dB + 10log(2) dB =

17 dBmV (with 1 280 kHz modulation rate), when one mini-dot is transmitted. The last term in the sum is the result of
summing the individual powers over 2 codes. Similarly, the maximum 64-QAM power in channel X is56 dBmV, when
all active codes are transmitted and the minimum 64-QAM power in channel X is36,24 dBmV - 10log(128) dB +
10log(2) dB = 18,18 dBmV (with 1 280 kHz modulation rate) when one mini-slot is transmitted. The minimum QPSK
power permitted in channel X while transmitting, for example, 2 mini-slotsis 20 dBmV (with 1 280 kHz modulation
rate) and the minimum 64-QAM power permitted in channel X, while transmitting 2 mini-slots, is 21,2 dBmV (with

1 280 kHz modulation rate).

The CM needs to implement some form of clipping on the transmitted waveform at the higher output powersin order to
prevent peak to average ratio (PAR) issues.

The power received at the CM TS in a spreader-on frame will sometimes be less than the nominal power of a spreader-
off frame because of such factors as:

1) broadcast opportunities not used by any CM;
2) unicast grants not used by one or more CMss; or

3) mini-sotsassigned to the NULL SID.
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B.6.2.19.2.2 S-CDMA Transmit Power Calculations With Maximum Scheduled Codes Enabled

In SSCDMA mode on channels on which Maximum Scheduled Codes is enabled, the CM determines its target transmit
power per channel P, as follows, for each channel which is active. Define for each upstream channel, for example,

upstream channel X:

P, = reported power level (dBmV) of CM in MIB (operational transmit power of the spreader-off ranging burst
referenced to 64-QAM modulation) for channel X.

Phi s=mMin [P o - Geongl Over all spreader-on burst profiles used by the CM in channel X per
clause B.6.2.19.

Plow s=max [17 - G4l + 10 log (number_active_codes/number_of_codes per_mini-dot) where the
maximum is over all burst profiles used by the CM in channel X per clause B.6.2.19.

Prax T = Maximum target transmit power permitted for the CM in channel X in TDMA mode per
clause B.6.2.19 for the constellation used in ranging.

Phi 1= min [Py o T - Geongl Over all spreader-off burst profiles used by the CM in channel X per
clause B.6.2.19.

P

on = Py clipped at the maximum spreader-on limit.

Pg = CM Power Shortfall.

P, = SCDMA Power Headroom in dB. Equivalent to the value of the Ranging Response Message TLV-11
divided by 4.

AP = power level adjustment in dB sent from CMTSto CM for channel X.

In the event of a UCD which changes the P, for an active channel [18], the CM sets P, = P;; - P4 for that channel
when the MAP change count matches the change count in the new UCD, where the new (changed) Py, for the channel
and the current P, for the channel are used in the calculation.

The CM updates its power per channel in each channel by the following steps:

4)
5)
6)

7)

8)

9)

P, = P, + AP //Add power level adjustment (for each channel) to reported power level for each channel.
P, =min [P, Py ] //Clip at max TDMA power limit per channel.
P, = max [P,, PIow_SJ /IClip & min SS=CDMA power limit per channel.

Test, IF [P, < Pioy_muitil, ignore command and restore previous P, /Power per channel from this command
would violate the set Dynamic Range Window.

Test, IF[P, > Py 1 -Pioad min <l 1gnore command and restore previous P, //Power per channel from this
command would violate the set Dynamic Range Window.

Pon =min [Py, Py 5Pioad min satl //Clip @ max S-=CDMA power limit per channel for the multiple channel

dynamic range limitation, as set by Po.y min set-

In spreader-off frames, the CM transmits in channel off with target power:

Py =Py + Geongt-

Based on the spreader-off transmit power in channel X, the CM updates its power shortfall in channel X according to
the following steps, with only one channel in the Transmit Channel Set:

Pgt = Py - (56 - Pioag min_set) // Difference between spreader-off and max spreader-on target powersin
channel X;
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o Pg=max[Pg, O] // Set Pg to 0 if Py islessthan 56 dBmV - Py min_set IN Channel X;
and with more than one channel in the Transmit Channel Set:

. Pg =P - (53- Pload_mi n_Set) /I Difference between spreader-off and max spreader-on target powersin
channel X;

o Py=max[Pg, O] // Set P4 to 0if P islessthan 53 dBMV - Pigyq min <ot iN channel X.
In spreader-on frames, the CM transmits each code i with target power:

* P {=Pnt+G - 10 log(number_active_codes) + Py,

const’ i

i.e. the clipped reported power in channel X plus the constellation gain G4, ; of that code, less afactor taking into
account the number of active codes, plus the Power Headroom Py, Py, is the power (in dB) added to account for CMs

that have maximum scheduled code limits and can transmit additional power per code. The total transmit power in
channel X, Py,; inaframeisthe sum of theindividual transmit powers P,, ; of each code in channel X, where the sumis

performed over all N, allocated codes using absolute power quantities (non-dB domain).

If, for example, with more than one channel in the Transmit Channel Set and the burst profile in channel X contains
QPSK for IUCs 1, 2, 3 and 4 and 64-QAM for IUCs 9 and 10, the number of active codesis 128 and the number of
codes per mini-slot is 2, then P; g=53dBmV, Py, g= 36,24 dBmV and P;_1 =58 dBmV. Assume Pjaq min st =0

dB. Assume the CM ranges channel X at spreader-off target transmit power of 57 dBmV. The CM reports for channel X
Pg =57dBmV - 53dBmV =4 dB. The CMTS uses P to set for channel X (using its vendor-specific algorithm)

max_scheduled_codes = 32 and P, = 6 dB. (The SSCDMA power headroom may differ from the power shortfall, at the
discretion of the CMTS.) The CM setsits transmitted power per codein channel X to:

Pt i =Pgn+ Geong i - 10 log (number_active _codes) + Py,
=53dBmV +0dB-21dB+6dB // For acodewith 64-QAM modulation in channel X

=38dBmV.

A parameter that may be used to illustrate the effect of increased power per code in channel X isthe Effective Transmit
Power, Py, the power that would result in channel X hypothetically if all N, active codes were transmitted. It is

computed as:

N,
P.;,f: = IO|0gZ|0f‘.. 10

i=1

Ne
=P, +B, +10log—— 3 10%"

fir AT

Nacr i=1

where the last term is the average constellation gain.

For areference case with all codes transmitted in channel X using 64-QAM modulation (G
transmit power reduces to:

« = 0 dB), the effective

con

Peff = F)on + F)hr
Continuing the above example, theresult is:

Pyt =53dBmV +6dB
=59dBmvV

Limiting the number of codes has given the CM an enhanced effective power of 59 dBmV, which is 6 dB above the
normal maximum power per channel of 53 dBmV and 2 dB above the ranging power of 57 dBmV. In this example, the
CMTS used its discretion to ask for 2 dB more enhancement in channel X than was needed (P, = 6 dB vs P4 = 4 dB),

perhaps due to some known impairment in the channel.
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The effective SNR is an SNR estimate for a given code corresponding to the effective transmit power in channel X. Itis
defined as the measured SNR at the last station maintenance, minus the CM power shortfall, plus the power headroom,
plus the difference in constellation gain between the ranging burst and the code under consideration. Its equation is:

effective_SNR = measured _SNR - P + Py, + (Geongts - Geongts ranging)-
where Gegng, ranging IS the constellation gain of the ranging burst in channel X that resulted in the SNR measurement.
Inthe MIB, the effective SNR corresponds to areference case with 64-QAM modulation (G,ng | = 0 dB):

effective SNR = measured_SNR - Py + Py, - Geongts ranging.

Continuing the example, if the measured SNR in channel X in the last station maintenance was 17 dB, using QPSK

modulation (Geongts ranging = -1,2 dB), then the effective SNR referenced to 64-QAM modulation is:

effective SNR=17dB-4dB +6dB + 1,2dB = 20,2 dB.

B.6.2.19.3 Transmit Power Step Size

See clause 6.2.19.3.

B.6.2.19.4 Transmit Power Requirements for Multiple Transmit Channel mode Not
Enabled

With Multiple Transmit Channel mode disabled, the CM MUST operate as in [12] with the following exceptions:

. The minimum upstream power P, MUST be as given in table B-7 below, superseding the minimum
upstream power requirementsin [12].

. The CM MUST replace the value of 53 in the equation for Py, gin[12] with 56 since this value is actually
intended to be P,,,, from table B-4.
. Maximum upstream power prior to registration:

- If the Extended Upstream Transmit Power Support TLV inthe MDD is OFF, the CM MUST usea
maximum upstream power Pmax as given in table B-4, superseding the maximum upstream power
requirementsin [12].

- If the Extended Upstream Transmit Power Support TLV inthe MDD is ON, the CM MAY exceed the
maximum upstream power Pmax as given in table B-4. The CM MUST NOT exceed atarget transmit
power level of 61 dBmV. Notethat all fidelity requirements specified in clause B.6.2.22 still apply when
the CM is operating over an extended transmit power range.

. Maximum upstream power after registration:

- The CM MUST use a maximum upstream power Pmax as given in table B-4 above, superseding the
maximum upstream power reguirementsin [12].

Table B-7: Minimum Transmit Power P,,;, for Multiple Transmit Channel mode Not Enabled

Modulation Rate (kHz) | P, (dBmV) Applicability
160 17 CM MAY support
320 17 CM MAY support
640 17 CM MAY support
1280 17 CM MUST support
2 560 20 CM MUST support
5120 23 CM MUST support
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B.6.2.20 Burst Profiles

The transmission characteristics are separated into three portions:
a)  Channel Parameters,
b)  Burst Profile Attributes; and
¢)  User Unique Parameters.
The Channel Parametersinclude:
a) themodulation rate (six rates from 160 kHz to 5 120 kHz in octave steps);
b) the centre frequency (Hz);
c) the1536-bit Preamble Superstring; and
d) the S-CDMA channel parameters.

The Channel Parameters are shared by al users on a given channel. The Burst Profile Attributes are listed in table B-8
and these parameters are the shared attributes corresponding to a burst type.

The CM MUST generate each burst at the appropriate time, as conveyed in the mini-slot grants provided by the CMTS
MAPs.

The CM MUST support all burst profiles commanded by the CMTS, viathe Burst Descriptorsin the UCD and
subsequently assigned for transmission in aMAP.

Table B-8: Burst Profile Attributes

Burst Profile Attributes Configuration Settings
Modulation QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM, 128-QAM(TCM Only)
Differential Encoding Oon/Off
TCM Encoding On/Off
Preamble Length 0 bits to 1 536 bits (note clause B.6.2.10)
Preamble Value offset 0to 1534
R-S FEC Error Correction (T) 0 to 16 (0 implies no R-S FEC. The number of codeword parity bytes is
2*7T)

R-S FEC Codeword Information Bytes (k) Fixed: 16 to 253 (assuming R-S FEC on)
Shortened: 16 to 253 (assuming R-S FEC on)

Scrambler Seed 15 bits

Maximum Burst Size (mini-slots) (see note 1) |0 to 255

Guard Time Size 4 to 255 modulation intervals
There is no guard time in S-CDMA

Last Codeword Length Fixed, shortened

Scrambler On/Off On/Off

R-S Interleaver Depth (1) (see note 2) 0 to floor(2048/N,) (see note 3)

R-S Interleaver Block Size (B,) (see note 4) 2*N, to 2048

Preamble Type QPSKO/QPSK1

S-CDMA Spreader (see note 5) On/Off

S-CDMA Codes per Subframe (see note 5) 1to0 128

S-CDMA Framer Interleaver Step Size 1 to (spreading intervals per frame - 1)

(see note 5)

NOTE 1: A max burst length of 0 mini-slots in the Burst Profile means that the grant size is not constrained by the
burst profile parameter [18].

NOTE 2: If depth=1, no interleaving; if depth=0, dynamic mode.

NOTE 3: Nris the R-S codeword size k+2T as defined in clause B.6.2.5.1.

NOTE 4: Used only in dynamic mode.

NOTE 5: Used only for S-CDMA channels.
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The User Unique Parameters may vary for each user even when using the same burst type on the same channel as
another user (for example, Power Level) and are listed in table B-9.

Table B-9: User Unique Burst Parameters

User Unique Parameter

Adjustment Command

Resulting Parameter Value

Power Level (see note 1)

8-bit two's complement,
resolution = 0,25 dB

TDMA:

+17 dBmV to +57 dBmV (32-QAM, 64-QAM)
+17 dBmV to +58 dBmV (8-QAM, 16-QAM)
+17 dBmV to + 61 dBmV (QPSK)

S-CDMA: +17 dBmV to +56 dBmV

(all modulations)

Resolution = 0,25 dB or better

Offset Frequency (see note 2)

Range = +£32 kHz, resolution =
1Hz

Frequency Range per clause B.6.2.17.1
Upstream Frequency Agility and Range

Ranging Offset

Integer part: 32-bit two's
complement, resolution = (1 /
10,24 MHz) = 6,25 ps/64 =
97,65625 ns

Fractional part: unsigned 8-bit
fractional extension, resolution =
6,25 us/(64*256) =
0,3814697265625 ns

Range: sufficient for maximum cable plant
length per clause B.1.2.1 Broadband Access
Network

Resolution: Non-synchronous:
6,25 us/64.
Synchronous: 6,25 us/(64*256)

Burst Length (mini-slots) if
variable on this channel
(changes burst-to-burst)

N/A

1 to 255 mini-slots

Transmit Equalizer Coefficients
(see clause B.6.2.16, Transmit
Pre-Equalizer)

DOCSIS 3.0 & 2.0 modes:

24 complex coefficients, 4 bytes
per coefficient

(2 real and 2 imaginary), load and
convolve modes

DOCSIS 1.1 mode: up to 64
complex coefficients, 4 bytes per
coefficient (2 real and 2 imaginary),
convolve mode only

DOCSIS 3.0 & 2.0 modes: 24 complex
coefficients

DOCSIS 1.1 mode: up to 64 complex
coefficients

NOTE 1:

NOTE 2:

The minimum power level limit depends on modulation rate. The maximum power level limit depends on
modulation order and the number of upstream channels.
The CM MUST implement the Offset Frequency Adjustment to effect a change in upstream carrier
frequency within £10 Hz of the commanded change.

B.6.2.20.1
See clause 6.2.20.1.

B.6.2.20.2

Ranging Offset

TDMA Reconfiguration Times

The CM MUST be capable of switching burst profiles with no reconfiguration time required between bursts, except for
changesin the following parameters. 1) Output Power; 2) Symbol Rate; 3) Offset Frequency; 4) Channel Frequency; 5)
Ranging Offset; and 6) Pre-Equalizer Coefficients. In the case of Multiple Transmit Channel mode enabled, al of these
parameters are adjusted independently on each upstream channel and reconfiguration time on the non-adjusted channels

is not required by the CM.

In the case of Multiple Transmit Channel mode enabled, global reconfiguration time (simultaneous on all of the active
channels) could be required by the CM when the Dynamic Range Window is adjusted (new value of P,y min sat)» O
when any active channel accumulates a transmit power change of more than 3 dB (excluding transmit power changes
due to UCD-induced change in Py; [18]) since the last global reconfiguration time (see clause B.6.2.22.1). The CM
MUST meet the requirements, on each active channel, for "Dynamic Range Window change" (below) whenever

Pioad min set 1S changed or re-commanded.
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For Dynamic Range Window change or re-command: If Pyoo yin st IS changed, or re-commanded, the CM MUST be

able to implement the change between bursts, aslong asthe CMTS allocates at least 96 symbols, plus 10 s, between
the last symbol centre of one burst (on any active channel) and the first symbol centre of the following burst (on any
active channel -- same channel or different channel from the previous burst). (Global "quiet" across all active channels
requires the intersection of ungranted burst intervals across all active TDMA channels to be at least 96 symbols plus
10 psduration.) The Output Power of the CM MUST be settled to within £0,1 dB of its final output power level within
10 ps from the beginning of the change in P4 min < @nd from the beginning of any Output Power change on any

channel that accompanies the change or re-command of P4 min set- The Dynamic Range Window, i.€. Pioyq min set

MUST NOT be changed until the CM is provided sufficient time between bursts by the CMTS. The Dynamic Range
Window MUST NOT change while more than -30 dB of any symbol's energy of the previous burst remains to be
transmitted, or more than -30 dB of any symbol's energy of the next burst has been transmitted.

For Output Power changes (excluding transmit power changes due to UCD-induced change in P; when Multiple

Transmit Channel mode is enabled [18]): If Output Power isto be changed by 1 dB or less, the CM MUST be able to
implement the change between bursts aslong asthe CMTS allocates at least 96 symbols, plus 5 us between the last
symbol centre of one burst and the first symbol centre of the following burst. If Output Power isto be changed by more
than 1 dB, the CM MUST be able to implement the change between bursts, as long asthe CMTS alocates at |east 96
symbols, plus 10 us, between the last symbol centre of one burst and the first symbol centre of the following burst. The
maximum reconfiguration time of 96 symbols should compensate for the ramp-down time of one burst and the ramp-up
time of the next burst, as well as the overall transmitter delay time, including the pipeline delay and pre-equalizer delay.
The Output Power of the CM MUST be settled to within £0,1 dB of its final output power level; @) within 5 ps from the
beginning of a change of 1 dB or less; and b) within 10 us from the beginning of a change of greater than 1 dB. Output
Power MUST NOT be changed until the CM is provided sufficient time between bursts by the CMTS. Output Power
MUST NOT change while more than -30 dB of any symbol's energy of the previous burst remains to be transmitted, or
more than -30 dB of any symbol's energy of the next burst has been transmitted.

For Symbol Rate changes. The CM MUST be able to transmit consecutive bursts aslong asthe CMTS alows the
required time between bursts for UCD parameter changes. Symbol Rate MUST NOT be changed until the CM is
provided sufficient time between bursts by the CMTS. Symbol Rate MUST NOT change while more than -30 dB of any
symbol's energy of the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the next
burst has been transmitted.

For Offset Frequency changes. The CM MUST be able to transmit consecutive bursts aslong asthe CMTS all ocates at
least 96 symbolsin between the last symbol centre of one burst and the first symbol centre of the following burst. The
maximum reconfiguration time of 96 symbols should compensate for the ramp-down time of one burst and the ramp-up
time of the next burst, as well as the overall transmitter delay time, including the pipeline delay and optional pre-
equalizer delay. Offset frequency MUST NOT be changed until the CM is provided sufficient time between bursts by
the CMTS. Offset frequency MUST NOT change while more than -30 dB of any symbol's energy of the previous burst
remains to be transmitted, or more than -30 dB of any symbol's energy of the next burst has been transmitted.

For Channel Frequency changes: The CM MUST be able to implement the change between bursts aslong asthe CMTS
alocates at least 96 symbols plus 100 ms between the last symbol centre of one burst and the first symbol of the
following burst. The Channel Frequency of the CM MUST be settled within the phase noise and accuracy reguirements
of clauses B.6.2.22.5 and B.6.2.22.6 within 100 ms from the beginning of the change. Channel Frequency MUST NOT
be changed until the CM is provided sufficient time between bursts by the CMTS. Channel Frequency MUST NOT
change while more than -30 dB of any symbol's energy of the previous burst remains to be transmitted, or more than
-30 dB of any symbol's energy of the next burst has been transmitted.

For Ranging Offset and/or Pre-Equalizer Coefficient changes: The CM MUST be able to transmit consecutive bursts as
long asthe CM TS allocates at least 96 symbols in between the last symbol centre of one burst and the first symbol
centre of the following burst. The maximum reconfiguration time of 96 symbols should compensate for the ramp-down
time of one burst and the ramp-up time of the next burst, as well as the overall transmitter delay time, including the
pipeline delay and pre-equalizer delay. Ranging Offset MUST NOT be changed until the CM is provided sufficient time
between bursts by the CMTS. Ranging Offset MUST NOT change while more than -30 dB of any symbol's energy of
the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the next burst has been
transmitted.
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For Modulation Type changes: The CM MUST be able to transmit consecutive bursts with no reconfiguration time
between them (except for the minimum guard time). The modulation MUST NOT change while more than -30 dB of
any symbol's energy of the previous burst remains to be transmitted, or more than -30 dB of any symbol's energy of the
next burst has been transmitted, EXCLUDING the effect of the transmit equalizer (if present in the CM). (Thisisto be
verified with the transmit equalizer providing no filtering; delay only. Note that if the CMTS has decision feedback in
its equalizer, it may need to provide more than the 96 symbol gap between bursts of different modulation type that the
same CM may use; thisisa CMTS decision.)

B.6.2.20.3 S-CDMA Reconfiguration Times

In SSCDMA mode, for changes in Output Power per mini-slot, Offset Frequency, Pre-equalizer coefficients and/or
Ranging Offset, the CM MUST be able to transmit consecutive bursts as long asthe CM TS allocates the time duration
of at least one frame in between the bursts. For all other burst profile parameter changes, no reconfiguration is required
beyond what is provided by the MAC for such changes. In the case of Multiple Transmit Channel mode enabled, all of
these parameters are adjusted independently on each upstream channel and reconfiguration time on the non-adjusted
channelsis not required by the CM.

In the case of Multiple Transmit Channel mode enabled, global reconfiguration time could be required by the CM when
the Dynamic Range Window is adjusted (new value of ;. min set), OF When any active channel accumulates a transmit

power change of more than 3 dB (excluding transmit power changes due to UCD-induced change in Py, [18]) since the

last global reconfiguration time (see clause B.6.2.22.1). (Global "quiet" across all active channels requires the
intersection of ungranted burst intervals across al active SSCDMA channelsto be at |east one frame.) The CM MUST
be able to transmit consecutive bursts, even with a change or re-command of Py 1in s @10ng asthe CMTS

allocates at least one frame in between bursts, across all channels in the Transmit Channel Set. (From the end of a burst
on one channel to the beginning of the next burst on any channel, there must be at least one frame duration, to provide a
"global reconfiguration time" for SCDMA channels.)

B.6.2.20.4 CM Timing Offsets When Changing Modulation Rate
See clause 6.2.20.4.

B.6.2.21 Burst Timing Convention

See clause 6.2.21.

B.6.2.22 Fidelity Requirements

See clause 6.2.22.

B.6.2.22.1  Spurious Emissions

The noise and spurious power MUST NOT exceed the levels given in tables B-10, B-11 and B-12. The noise and
spurious power SHOULD NOT exceed the levels given in tables B-13 and B-14. When Multiple Transmit Channel
mode is enabled, the noise and spurious power requirements for the individual channels are summed (absol ute power,
NOT in dB) to determine the composite noise floor for the multi-channel transmission condition. Also when Multiple
Transmit Channel mode is enabled, these spurious performance requirements only apply when the CM is operating
within certain ranges of values for Py, p,, for n =1 to the number of upstream channelsin the Transmit Channel Set

and for the ratio of number_allocated codes/number_active codes from 1 down to 1/4th, for SCDMA channels.

For SSCDMA mode, when a modem is transmitting fewer than 1/4™ of the active spreading codes on a channel, the
spurious emissions requirement limit is the power value (in dBmV), corresponding to the specifications for the power
level associated with 1/4™ of the active spreading codes (i.e. 6 dB below the channel power corresponding to all active
codes for that channel allocated to the CM).

When Multiple Transmit Channel mode is enabled and there are two or more channels in the Transmit Channel Set
(TCS), the spurious performance requirements MUST be met only when the following loading ranges are satisfied:

e  two or more channelsin the TCS: applicable when Py, 1 - Pioag min set < 3 dB; and
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*  twochannelsinthe TCS: applicable when Py 5 - Pigag 1 <12dB;
» threechannelsin the TCS: applicable when Py 3- Py 1 <8 dB;
e  four channelsin the TCS: applicable when:
Pload_2 - Pload 1<4 dB.
AND Py 3- Piogg <4 dB.
AND  Pload_4- Pload 3<4dB.

When a modem is transmitting at power levels falling outside these loading ranges (which is allowed by the 12 dB
dynamic range), the spurious emissions reguirement limits are the power values (in dBmV rather than dBc),
corresponding to the specifications associated with transmissions at the second and higher loaded channels, if the
loading of those channels were decreased (transmit power increased) to just meet the applicability ranges.

With Multiple Transmit Channel mode enabled, the spurious performance requirements do not apply to any upstream
channel from the time the output power on any active upstream channel has varied by more than +3 dB since the last

global reconfiguration time through the end of the next global reconfiguration time changes, excluding transmit power
changes due to UCD-induced change in P,; [18]. "Global reconfiguration time” is defined as the inactive time interval

provided between active transmissions which simultaneously satisfies the requirement in clause B.6.2.20.2 for all
TDMA channelsin the TCS and the requirement in clause B.6.2.20.3 for all SCDMA channelsin the TCS. With
Multiple Transmit Channel mode enabled the CMTS SHOULD provide global reconfiguration time to a CM before (or
concurrently as) the CM has been commanded to change any active upstream channel transmit power by +3 dB
cumulative since its last global reconfiguration time, excluding transmit power changes due to UCD-induced change in

P, (18]

As one example, with three SSCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV and
41 dBmV, the absol ute spurious emissions requirements, when two or more channelsin the TCS are transmitting,
correspond to the absol ute spurious emissions regquirements with transmit power per channel of 53 dBmV, 45 dBmV
and 45 dBmV. The 41 dBmV power levels are raised for the purposes of determining the spurious emissions limits, up
to53dBmV - 8=45dBmV.

As an example with four SSCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV,

41 dBmV and 41 dBmV, the absolute spurious emissions requirements, when two or more channelsin the TCS are
transmitting, correspond to the absol ute spurious emissions requirements with transmit power per channel of 53 dBmV,
49 dBmV, 45 dBmV and 41 dBmV. The 41 dBmV power levels are raised for the purposes of determining the spurious
emissions limits, up to 53 dBmV - 4 dB = 49 dBmV; and the artificial 49 dBmV - 4 dB =45 dBmV; and the artificial
45dBmV - 4 dB=41dBmV.

In table B-10, inband spurious emissions include noise, carrier leakage, clock lines, synthesizer spurious products and
other undesired transmitter products. It does not include 1SI. The measurement bandwidth for Inband spuriousis equal
to the modulation rate (e.g. 1 280 kHz to 5 120 kHz). All requirements expressed in dBc are relative to the actual
transmit power that the CM emitsin one channel.

The measurement bandwidth is 160 kHz for the Between Bursts (none of the channelsin the TCS are bursting) specs of
table B-10, except where called out as 4 MHz or 250 kHz.

The Transmitting Burst specs apply during the mini-slots granted to the CM (when the CM uses al or a portion of the
grant) and for 32 modulation intervals before and after the granted mini-slots. The Between Bursts specs apply except
during a used grant of mini-slots on any active channel for the CM and the 32 modulation intervals before and after the
used grant.

In TDMA mode, a mini-slot may be as short as 32 modulation intervals, or 6,25 ps at the 5,12 MHz rate, or as short as
25 psat the 1,28 MHz rate.
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Table B-10: Spurious Emissions

Parameter Transmitting Burst Between Bursts
Inband -40 dBc -72 dBc
Adjacent Band See tables B-11 and B-12 |-72 dBc
Within the upstream operating range of 5-65 MHz  |See tables B-13 and B-14 |-72 dBc
(excluding assigned channel, adjacent channels
and carrier-related channels)
For the case where the upstream operating range
is 5-65 MHz:
CM Integrated Spurious Emission Limits (all in
250 kHz, includes discretes)
87,5 MHz to 108 MHz -30 dBmV -59 dBmV
For the case where the upstream operating range
is 5-65 MHz:
CM Integrated Spurious Emissions Limits (all in
4,75 MHz, includes discretes) (see note 1)
65 MHz to 87,5 MHz -40 dBc -26 dBmV
108 MHz to 136 MHz (see note 2) -40 dBmV -45 dBmV
126 MHz to 862 MHz -45 dBmV max(-45 dBmV, -40 dB ref d/s)
(see note 3)
For the case where the upstream operating range
is 5-65 MHz:
CM Discrete Spurious Emissions Limits (see
note 1) -50 dBc -36 dBmV
65 MHz to 87,5 MHz -50 dBmV -50 dBmV
108 MHz to 862 MHz
NOTE 1: These spec limits exclude a single discrete spur related to the tuned received channel; this single
discrete spur MUST NOT be greater than -40 dBmV.
NOTE 2: The frequencies from 108 MHz to 136 MHz may be forbidden due to national regulations.
NOTE 3: "dB ref d/s" is relative to the received downstream signal level. Some spurious outputs are proportional
to the receive signal level.

B.6.2.22.1.1

Adjacent Channel Spurious Emissions

Spurious emissions from a transmitted carrier may occur in an adjacent channel which could be occupied by a carrier of
the same or different modulation rate. Table B-11 lists the required adjacent channel spurious emission levels for all
combinations of transmitted carrier modulation rates and adjacent channel modulation rates. The measurement is
performed in an adjacent channel interval of appropriate bandwidth and distance from the transmitted carrier, based on
the modulation rates of the transmitted carrier and the carrier in the adjacent channel.

Table B-11: Adjacent Channel Spurious Emissions Requirements Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Specification in the Measurement interval and Adjacent channel carrier

interval distance from carrier edge modulation rate

-50 dBc 20 kHz to 180 kHz 160 kHz

-50 dBc 40 kHz to 360 kHz 320 kHz

-50 dBc 80 kHz to 720 kHz 640 kHz

-50 dBc 160 kHz to 1 440 kHz 1280 kHz

-47 dBc 320 kHz to 2 880 kHz 2 560 kHz

-44 dBc 640 kHz to 5 760 kHz 5120 kHz
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In addition, the CM SHOULD meet the requirements in table B-12, under the same conditions as listed for table B-11
above. With alower power channel bursting as alone bursting channel (at that point in time), 2 dB relaxation will apply
to the absolute spurious emissions requirement of table B-12.

Table B-12: Adjacent Channel Spurious Emissions Goals Relative to
the Per Channel Transmitted Burst Power Level for Each Channel

Specification in Measurement interval and Adjacent channel carrier
the interval distance from carrier edge modulation rate
-53 dBc 20 kHz to 180 kHz 160 kHz
-53 dBc 40 kHz to 360 kHz 320 kHz
-52 dBc 80 kHz to 720 kHz 640 kHz
-51 dBc 160 kHz to 1 440 kHz 1280 kHz
-50 dBc 320 kHz to 2 880 kHz 2 560 kHz
-48 dBc 640 kHz to 5 760 kHz 5120 kHz

B.6.2.22.1.2 Spurious Emissions in the Upstream Frequency Range

Table B-13 lists the possible modulation rates that could be transmitted in an interval, the required spurious level in that
interval and theinitial measurement interval at which to start measuring the spurious emissions. M easurements should
start at the initial distance and be repeated at increasing distance from the carrier until the upstream band edge is
reached. The lower band edge of the upstream is 5 MHz; the upper band edge of the upstream is 65 MHz.

Table B-13: Spurious Emissions Requirements in the Upstream Operating Frequency Range Relative
to the Per Channel Transmitted Burst Power Level for Each Channel

Possible modulation Specification in Initial measurement interval and
rate in this interval the interval distance from carrier edge

160 kHz -54 dBc 220 kHz to 380 kHz
320 kHz -52 dBc 240 kHz to 560 kHz
640 kHz -50 dBc 280 kHz to 920 kHz

1280 kHz -50 dBc 360 kHz to 1 640 kHz

2 560 kHz -47 dBc 520 kHz to 3 080 kHz

5120 kHz -44 dBc 840 kHz to 5 960 kHz

In addition, the CM SHOULD meet the requirements in table B-14, under the same conditions as listed for table B-13
above. With alower power channel bursting as alone bursting channel (at that point in time), 2 dB relaxation will apply
to the absol ute spurious emissions requirement of table B-14.

Table B-14: Spurious Emissions Goals in the Upstream Operating Frequency Range Relative to the
Per Channel Transmitted Burst Power Level for Each Channel

Possible modulation rate in this Specification in Initial measurement interval and distance

interval the interval from carrier edge
160 kHz -60 dBc 220 kHz to 380 kHz
320 kHz -58 dBc 240 kHz to 560 kHz
640 kHz -56 dBc 280 kHz to 920 kHz

1 280 kHz -54 dBc 360 kHz to 1 640 kHz

2 560 kHz -52 dBc 520 kHz to 3 080 kHz

5120 kHz -50 dBc 840 kHz to 5 960 kHz

B.6.2.22.2  Spurious Emissions During Burst On/Off Transients
See clause 6.2.22.2.

B.6.2.22.3 Modulation Error Ratio (MER)

See clause 6.2.22.3.
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B.6.2.22.3.1 Definitions
See clause 6.2.22.3.1.

B.6.2.22.3.2 Requirements

Unless otherwise stated, the MER MUST meet or exceed the following limits over the full transmit power range of
table B-9 for each modulation, modulation rate and over the full carrier frequency range and for SCDMA, over any
valid number of active and allocated codes. The 5-65 MHz carrier frequency range refers more precisely to [5 MHz +
modulation rate * 1,25/ 2] to [65 MHz - modulation rate * 1,25/ 2]. At the break points between regions, the higher
MER specification applies.

Case 1: Flat channel, transmit equalization OFF.
Case 1a: for modulation rates 2,56 MHz and below for 5 MHz to 65 MHz mode of operation:
*  MERy,>30dB over 15 MHz to 47 MHz carrier frequency.

. MERSymb > 27 dB over 10 MHz to 15 MHz and 47 MHz to 54 MHz carrier frequency.

. MER > 26 dB over 5 MHz to 10 MHz and 54 MHz to 65 MHz carrier frequency.

symb
Case 1b: for modulation rate 5,12 MHz for 5 MHz to 65 MHz mode of operation:

. M ERsymb > 27 dB over 15 MHz to 47 MHz carrier frequency.
. MERsymb > 24 dB over 10 MHz to 15 MHz and 47 MHz to 54 MHz carrier frequency.

*  MERy,>23dB over 5MHz to 10 MHz and 54 MHz to 65 MHz carrier frequency.
Case 2: Flat channel, transmit equalization ON.

Case 2a: for TDMA/QPSK, M ERsymb > 30dB.

Case 2b: for SCDMA and al TDMA modulations except QPSK, M ERsymb >35dB.

Case 2c: for SCDMA, M ERcpip> 33 dB.

Case 3: Echo channel, transmit equalization ON. (Echo channel MUST not be limited by dynamic range. Echo channel
MUST be atrue representation described in table B-3.)

Case 3a: In the presence of a single echo selected from the channel micro-reflections defined in table B-3, the measured
MERgm, MUST be> 30 dB for TDMA/QPSK and > 33 dB for SSCDMA and all TDMA modulations, except QPSK.

Case 3b: In the presence of two or three of the echoes defined in table B-3 (at most one of each specified magnitude and
delay), the measured MERg,,, MUST be> 29 dB.

Since the table does not bound echo delay for the -30 dBc case, for testing purposes, it is assumed that the time span of
the echo at this magnitude is less than or equal to 1,5 us.

The CMTS MUST provide atest mode in which it:
. Accepts equalizer coefficients viaan externa interface (e.g. Ethernet).
. Sends the coefficients to the CM's pre-equalizer via ranging response message (both set and convolve modes).

. Does not adjust the CM's frequency, timing or power.

B.6.2.22.4  Filter Distortion

See clause 6.2.22.4.
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B.6.2.22.4.1 Amplitude
See clause 6.2.22.4.1.

B.6.2.22.5 Carrier Phase Noise
See clause 6.2.22.5.

B.6.2.22.6 Channel Frequency Accuracy
See clause 6.2.22.6.

B.6.2.22.7 Modulation Rate Accuracy

See clause 6.2.22.7.
B.6.2.22.8 Modulation Timing Jitter

B.6.2.22.8.1 Symbol Timing Jitter for TDMA Upstream Channels in Asynchronous Operation
See clause 6.2.22.8.1.

B.6.2.22.8.2 Modulation Timing Jitter for Synchronous Operation
See clause 6.2.22.8.2.

B.6.2.23 Upstream Demodulator Input Power Characteristics

See clause 6.2.23.

B.6.2.24 Upstream Electrical Output from the CM

The CM MUST output an RF modulated signal with the characteristics delineated in table B-15.

Table B-15: Single Channel Electrical Output from CM

Parameter Value
Freguency 5 to 65 MHz edge to edge
Level range per channel TDMA:
(Multiple Transmit Channel mode disabled, or |P_;, to +57 dBmV (32-QAM, 64-QAM)
Multiple Transmit Channel mode enabled with P in 10 +58 dBmV (8-QAM, 16-QAM)

only one channel in the TCS) P_. to+61 dBmV (QPSK)
min

S-CDMA:
Pmin to +56 dBmV (all modulations)

where
Pmin = +17 dBmV, 1 280 kHz modulation rate

Pmin = ¥20 dBmV, 2 560 kHz modulation rate

Prin = t23 dBmV, 5 120 kHz modulation rate
Level range per channel TDMA:
(two channels in the TCS) Ppin t0 +54 dBmV (32-QAM, 64-QAM)

P, t0 +55 dBmV (8-QAM, 16-QAM)
P, to +58 dBmV (QPSK)

S-CDMA:
Ppin t0 +53 dBmV (all modulations)

where
Prin = +17 dBmV, 1 280 kHz modulation rate

Pmin = +20 dBmV, 2 560 kHz modulation rate
Pmin = ¥23 dBmV, 5 120 kHz modulation rate
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Parameter Value
Level range per channel TDMA:
(three or four channels in the TCS) Pmin t0 #51 dBmV (32-QAM, 64-QAM)

P min 10 52 dBmV (8-QAM, 16-QAM)

P min 10 +55 dBmV (QPSK)

S-CDMA:

Pmin to +53 dBmV (all modulations)

where

Pmin = +17 dBmV, 1 280 kHz modulation rate

m

Prin = +20 dBmV, 2 560 kHz modulation rate

Prin = t23 dBmV, 5 120 kHz modulation rate
Modulation Type QPSK, 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM
Modulation Rate (nominal) TDMA: 1 280 kHz, 2 560 kHz and 5 120 kHz

S-CDMA: 1 280 kHz, 2 560 kHz and 5 120 kHz
Optional pre-3.0 DOCSIS operation:
TDMA: 160 kHz, 320 kHz, 640 kHz

Channel Bandwidth TDMA: 1 600 kHz, 3 200 kHz and 6 400 kHz

S-CDMA: 1 600 kHz, 3 200 kHz and 6 400 kHz
Optional pre-3.0 DOCSIS operation:
TDMA: 200 kHz, 400 kHz, 800 kHz

Output impedance 75 ohms

Output Return Loss > 6 dB (5 MHz to 65 MHz)

> 6 dB (108 MHz to 862 MHz)

Connector F connector per [16] (common with the input)

B.6.2.25 Upstream CM Transmitter Capabilities

The CM advertises its capabilitiesto the CMTS. These capabilities include:

Maximum number of active channels, which MUST be 4 or greater.

Maximum number of 3,2 MHz channels, which MUST be no greater than the maximum number of active
channels supported.

Maximum number of 6,4 MHz channels, which MUST be no greater than the maximum number of 3,2 MHz
channels supported. The maximum number of 6,4 MHz channels MUST be 4 or greater.

Selectable Active Codes Mode 2 capability - yes/no.
Code Hopping Mode 2 capability - yes/no.

Extended Upstream Transmit Power capability - yes/no plus capability in range of 51,25 dBmV to 61 dBmV.

The CM MUST support al the capability it reportsto the CMTS.

The CMTS MUST NOT command the CM to operate outside its advertised capabilities.

B.6.2.25.1 Description of CM Upstream Transmit Channel Set Capabilities

See clause 6.2.25.1.

B.6.3 Downstream

B.6.3.1 Downstream Protocol and Interleaving Support

The downstream PMD sublayer MUST conform to [3]. The downstream RF output electrical requirements including
downstream frequency plan, interleaver depths, spectrum format, clock and symbol requirements are defined in the [4]
specification. The CM MUST support the interleaver depths defined in table A-1 of [4].
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B.6.3.2 Downstream Electrical Input to CM

The CM MUST be able to accept any number of signals between one to MDBC simultaneously, located in frequency
intervals that complies with the CMs TB list and Demod List. A CM MUST be capable of being reconfigured to receive
different channels. At a minimum, the CM MUST be able to receive at least 4 downstream channels, located
independently within an arbitrary 64 MHz window in the downstream frequency band. The CM MUST support bonding
of any number of downstream channels up to its maximum. The CM MUST be able to accept RF modulated signals
with the characteristics defined in table B-16.

Table B-16: Electrical Input to CM

Parameter

Value

Centre Frequency

112 MHz to 858 MHz +30 kHz

Level Range (one DOCSIS channel)

-17 dBmV to +13 dBmV for 64-QAM
-13 dBmV to +17 dBmV for 256-QAM

Modulation Type

64-QAM and 256-QAM

Symbol Rate (nominal)

6,952 Msym/s (64-QAM and 256-QAM)

Bandwidth 8 MHz (alpha = 0,15 square-root raised cosine shaping for 64-QAM
and 256-QAM)
<33 dBmV

X = average power of lowest power demodulated QAM channel

Total Input Power (80 MHz to 862 MHz)
Maximum average power of carrier input
to CM, within any 8 MHz channel from
78 MHz up to 862 MHz

Channels demodulated within the CM
a) < min (X + 10 dB, +13 dBmV), for 64-QAM
b) < min (X + 10 dB, +17 dBmV), for 256-QAM

8 MHz bands not demodulated within the CM

a) < min (X + 10 dB, +20 dBmV), for zero, one, or two 8 MHz bands.

b) < min (X + 10 dB, +17 dBmV), for all other 8 MHz bands besides the
two possible allocated exceptions.

75 ohms

> 6 dB (5 MHz to 65 MHz)

> 6 dB (108 MHz to 862 MHz)

F connector per [16] (common with the output)

Input (load) Impedance
Input Return Loss

Connector

B.6.3.3 CM BER Performance

The bit-error-rate performance of a CM is described in this clause. For each individual downstream received channel,
the CM MUST meet the BER requirements with the interleaver set to the | = 12, J= 17 mode of interleaving.

B.6.3.3.1  64-QAM

B.6.3.3.1.1 64-QAM CM BER Performance

I mplementation loss of the CM MUST be such that the CM achieves a post-FEC BER less than or equal to 108 when
operating at acarrier to noiseratio (E/N) of 25,5 dB or greater. If it is not possible to measure post-FEC BER directly,

Codeword Error Rate, R (as defined below) may be used. In this case, the CM MUST achieve a Codeword Error Rate
of less than or equal to 9 x 10°7 when operating at a carrier to noise ratio (E4/N,) of 25,5 dB or greater.

Computation of Codeword Error Rate, R

(EU — Euo)
Eu o Eu0)+(Ec - Eco)+(C_Co)

7

Where:

e  Eyisthevalue of the count of code words with uncorrectable errors,

e  Ecisthevalue of the count of code words with correctable errors, and
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) Cisthe value of the count of code words without errors.

Sample the values at the beginning of the test interval (indicated by the subscripted values, E,,, Ecpand Cp) and the
end of the test interval (indicated by the un-subscripted values, E;, E; and C).

B.6.3.3.1.2 64-QAM Image Rejection Performance

Performance as described in clause B.6.3.3.1.1 MUST be met with analog or digital signal at +10 dBc in any portion of
the RF band other than the adjacent channels.

B.6.3.3.1.3 64-QAM Adjacent Channel Performance
Performance as described in clause B.6.3.3.1.1 MUST be met with adigital signal at 0 dBc in the adjacent channels.
Performance as described in clause B.6.3.3.1.1 MUST be met with an analog signal at +10 dBc in the adjacent channels.

Performance as described in clause B.6.3.3.1.1, with an additional 0,2 dB allowance, MUST be met with a digital signal
at +10 dBc in the adjacent channels.

B.6.3.3.2 256-QAM

B.6.3.3.2.1 256-QAM CM BER Performance

Implementation loss of the CM MUST be such that the CM achieves a post-FEC BER less than or equal to 108 when
operating at acarrier to noise ratio (E/N) as shown below. If it is not possible to measure post-FEC BER directly,

Codeword Error Rate, RC (as defined in clause B.6.3.3.1.1) may be used. In this case, the CM MUST achieve a
Codeword Error Rate of less than or equal to 9 x 10"” when operating at a carrier to noise ratio (E/N, as shown in the
following:

o)’

Input Receive Signal Level EJ/N,
-13dBmV to -6 dBmV 34,5 dB or greater

-6 dBmV to +17 dBm V31,5 dB or greater
B.6.3.3.2.2 256-QAM Image Rejection Performance

Performance as described in clause B.6.3.3.2.1 MUST be met with an analog or adigital signal at +10 dBc in any
portion of the RF band other than the adjacent channels.

B.6.3.3.2.3 256-QAM Adjacent Channel Performance

Performance as described in clause B.6.3.3.2.1 MUST be met with an analog or adigital signal at 0 dBc in the adjacent
channels.

Performance as described in clause B.6.3.3.2.1, with an additional 0,5 dB alowance, MUST be met with an analog
signal at +10 dBc in the adjacent channels.

Performance as described in clause B.6.3.3.2.1, with an additional 1,0 dB allowance, MUST be met with adigital signal
at +10 dBc in the adjacent channels.

B.6.3.4 Downstream Multiple Receiver Capabilities

See clause 6.3.4.

B.6.3.4.1 Receive Module Parameters
See clause 6.3.4.1.
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B.6.3.4.2 Receive Channel Parameters

See clause 6.3.4.2.

B.6.3.4.3 Standard Receive Channel Profile

In order to limit the complexity in the CMTS of configuring arbitrarily complicated Receive Channel Profiles, DOCSIS
defines a set of "Standard” Receive Channel Profiles that describe aminimal set of constraints.

A CM reportsto the CMTS at least one standard RCP as well asits "Manufacturer” RCP that gives more details of its
capabilities and constraints. If the CMTS configures the CM with a Receive Channel Configuration based on a Standard
RCP, some CM capabilities represented in the Manufacturer RCP but outside the Standard RCP may not be available.

The Standard Receive Channel Profile for the European technology option named "8-DOCSIS-01" is defined for 8 MHz
operation as depicted in figure B-2. The RF input from the cable plant is connected to a Receive Module with a block of
8 adjacent channels. This Receive Modul e represents the constraints of atuner with a 64 MHz capture bandwidth that
can be placed at any point in the full DOCSI S frequency range. The demodulation of four channels anywhere within the
capture bandwidth is represented by the four Receive Channels, each corresponding to the packet stream from asingle
QAM channel output to the MAC layer.

RF Connection to HFC Plant

v

RF Port
Diplexer
Splitter

v

Tuner
Receive Module 1
[ Adjacent Channels Constraint: 8 |

Receive
Channels
(each cor-
responds to RCA1 RC2 RC3 RC4
single QAM
channel)
Packets
A Y Y \ J
MAC Sublayer

v

Figure B-2: 8 MHz DOCSIS Standard Receive Channel Profile 01

For this Standard Receive Channel Profile, the CM TS sends the following parameters to the CM in the Receive Channel
Configuration:

. Centre frequency of the first channel in the 8-channel Receive Module.

. Centre frequency of each Receive Channel within the capture bandwidth of the Receive Module.

B.6.3.4.4 Example Manufacturer Receive Channel Profile

See clause 6.3.4.4.
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B.6.3.4.5 Reconfiguration of CM Receive Channels

See clause 6.3.4.5.

B.6.3.5 Non-Synchronous DS Channel Support

See clause 6.3.5.
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Annex C (normative):
MPEG Header Synchronization and Recovery

The downstream bitstream is defined as a continuous series of 188-byte packets. These packets consist of a 4-byte
header followed by 184 bytes of payload. This transport stream is specified in MPEG-2 Part 1, Systems [15] with
modifications described in [17].

C.1 MPEG Header Synchronization and Recovery in the
North American Technology Option

When implementing the first physical layer technology option referred to in clause 1 (1.1 Introduction and Purpose) and
specified in clause 6, modifications described in [17], in the clause referring to the MPEG-2 transport framing apply to
the transport stream format.

The MPEG-2 packet stream SHOULD be declared "in frame" (i.e. correct packet alignment has been achieved) when
five consecutive correct parity checksums, each 188 bytes from the previous one, have been received.

The MPEG-2 packet stream SHOULD be declared "out of frame" and a search for correct packet alignment started,
when nine consecutive incorrect parity checksums are received.

C.2 MPEG Header Synchronization and Recovery in the
European Technology Option

When implementing the second physical layer technology option referred to in clause 1 (1.1 Introduction and Purpose)
and specified in annex B, modifications described in EN 300 429 [3] apply to the transport stream format.

The MPEG-2 packet stream SHOULD be declared "in frame" (i.e. correct packet alignment has been achieved) when
five consecutive correct sync bytes, each 188 bytes from the previous one, have been received.

The MPEG-2 packet stream SHOULD be declared "out of frame" and a search for correct packet alignment started,
when nine consecutive incorrect sync bytes are received.
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Annex D (informative):
Example Preamble Sequence Introduction

A programmable preamble superstring, up to 1 536 bitslong, is part of the channel-wide profile or attributes, common
to all burst profiles on the channel, but with each burst profile able to specify the start location within this sequence of
bits and the length of the preamble. The first bit of the Preamble Pattern is designated by the Preamble Value Offset.
The first bit of the Preamble Pattern is the first bit into the symbol mapper (figures 6-2 and 6-3) and is the first symbol
of the burst (see clause 6.2.13). As an example, for Preamble Offset Value = 100, the 101st bit of the preamble
superstring is the first bit into the symbol mapper and the 102nd bit is the second bit into the mapper and is mapped to
Q1 and so on. An example 1536-bit-long preamble superstring is given in clause D.2.

D.1  Example Preamble Sequence

The following is the examplel 536-bit preamble sequence:

Bits 1 through 128:

1100 0011 1111 0000 0011 0011 1111 1100 0011 0011 0000 0011 1100 0000 0011 0000
0000 1110 1101 0001 0001 1110 1110 0101 0010 0101 0010 0101 111011100010 1110
Bits 129 through 256:

0010 11101110 0010 0010 111011101110 1110 1110 0010 0010 0010 1110 1110 0010
11101110 1110 0010 1110 0010 1110 0010 0010 0010 0010 1110 0010 0010 1110 0010
Bits 257 through 384:

0010 1010 01100110 011011101110 1110 0010 1110 0010 1110 0010 1110 0110 1010
0010 11101110 1010 0110 1110 0110 0010 0110 1110 1010 1110 0010 1010 0110 0010
Bits 385 through 512:

0010 1110 0110 1110 0010 1010 1010 0110 0010 1110 0110 0110 1110 0010 0010 0110
0010 1110 0010 1010 0010 1110 0110 0010 0010 1010 0010 0110 0010 1010 0010 1010
Bits 513 through 640:

0010 1110 0110 1110 0110 0110 1110 0010 0110 1010 0110 0010 1110 1110 1010 0010
111011100010 1110 11101110 0010 1110 1110 0010 1110 0010 0010 1110 0010 0010
Bits 641 through 768:

11101110 1110 0010 0010 0010 1110 0010 11101110 1110 1110 0010 0010 1110 0010
1110 0010 0010 0010 1110 1110 0010 0010 0010 0010 1110 0010 0010 0010 0010 1110
Bits 769 through 896:

0011 0000 1111 1100 0000 1100 1111 1111 0000 1100 1100 0000 1111 0000 0000 1100
000000001111 11111111 0011 0011 0011 1100 0011 11001111 1100 1111 0011 0000
Bits 897 through 1 024:

1100 0011 1111 0000 0011 0011 1111 1100 0011 0011 0000 0011 1100 0000 0011 0000
0000 1110 1101 0001 0001 1110 1110 0101 0010 0101 0010 0101 11101110 0010 1110
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Bits 1 025 through 1 152:
0010 11101110 0010 0010 111011101110 1110 1110 0010 0010 0010 1110 1110 0010
11101110 1110 0010 1110 0010 1110 0010 0010 0010 0010 1110 0010 0010 1110 0010
Bits 1 153 through 1 280:
00100010 1110 1110 1110 1110 1110 1110 0010 1110 0010 1110 0010 1110 1110 0010
001011101110 0020 1110 1110 1110 0010 1110 1110 0010 1110 0010 0010 1110 0010
Bits 1 281 through 1 408
1100 1100 1111 0000 11111111 1100 0000 1111 0011 1111 0011 0011 0000 0000 1100

001100000011 11111111 11001100 11001111 0000 1111 0011 1111 0011 1100 1100

Bits 1 409 through 1 536:
0011 0000 1111 1100 0000 1100 1111 1111 0000 1100 1100 0000 1111 0000 0000 1100
000000001111 12111111 0011 0011 0011 11000011 11001111 1100 1111 0011 0000
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Annex E (informative):
S-CDMA Framing

Thisannex isinformative. In case of conflict between this clause and any normative clause of this specification, the
normative clause takes precedence.

Please note that the pseudo-code in clauses E.1 and E.2 is specific to the case of asingle burst using all spreading codes.

E.1 Coded Subsymbol Numbering

The following code sample contains a short agorithmic description of the operation of the address generator for the
coded subsymbols. The address generator for the coded subsymbols fills rows first using the interleaver step size
parameter (step in the listing) to step through the spreading intervals within arow. Each step is performed using a
modified modulo agorithm which allows the use of interleaver step size and spreading intervals per frame with
common divisors. After each row isfilled, the next row is begun with the first spreading interval. In the following
listings, theindex "i" isinitialize to the value "1" and coded_colO is defined as"0".

for(row = FIRST ROW; row < LAST ROW; row++)

{
coded_col = 0;
store_coded( row, coded_col, cod_sym);

/* Store the coded portion of the symbol (or preamble) to (row, coded col) */
for( i = 1; 1 < framelen; i++ )

{

coded col = coded col + Interleaver_step size;

if( mod( i, framelen / gcd( step, framelen ) ) == 0 )
coded _col = coded col + 1; /* gcd is greatest common divisor */

coded_col = mod( coded col, framelen );
store_coded( row, coded col, cod sym ) ;
/* Store the coded portion of the symbol (or preamble) to (row, coded col) */

}

E.2 Uncoded Subsymbol Numbering

The following is a short algorithmic description of the operation of the address generator for uncoded subsymbols. The
generator fills columns within a subframe first. The row index increments by one for each uncoded subsymbol. At the
end of the subframe, the column index is incremented and the row index set to the first row of the subframe. After
completing a subframe, the next subframe begins with the next uncoded subsymbol.

uncoded_col 0;
uncoded_row = FIRST ROW;
while( uncoded_row < LAST ROW)

{

if ( ( uncoded_row + R ) > LAST ROW )
Rprime = LAST_ROW - uncoded_row + 1;
else
Rprime = R;
for( i = 0; 1 < Rprime; i++)

{

/* Check whether (uncoded row, uncoded col) is a preamble location.
* If it is, go to next location */
if ( not_preamble( uncoded row, uncoded col ) )
store_uncoded( uncoded row, uncoded col, unc_sym );
uncoded_row = uncoded _row + 1;

}

uncoded_row = uncoded_row - Rprime;
uncoded_col = uncoded _col + 1;
if (uncoded_col 2 framelen)

{
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0;
uncoded_row + R;

uncoded_col =
uncoded_row =
} 1

FIRST_ROW and LAST_ROW are, respectively, the first and last row (i.e. code) in each frame spanned by the grant.
FIRST_ROW can be between 0 and 127 in the first frame of the allocation and is 0 in any other frames that the grant
may span (if any). LAST_ROW can be between 0 to 127 in the last frame of the burst and is 127 for any other frame (if

any).

E.3  Framer Output Numbering

The following code sample contains a short algorithmic description of the operation of the address generator for the
output symbols. The address generator for the output symbolsis used to access both the coded and uncoded subsymbol
memories. The output address generator accesses all of the rows (codes) of a spreading interval first followed by
subsequent spreading intervals. This algorithmic description is generalized to any allowable number of active codes,
where the Number of Active Codes parameter is given by N,

for( col=0; col < framelen; col++ )
for( row=(128-Na); row < 128; row++ )
outsym = get_data( row, col );

Note that the Framer row addressing operates independently of the Selectable Active Codes mode. In either Selectable
Active Codes Mode 1 or 2, the unused codes are at the lower row address indices of the frame and, therefore, are not
used.

E.4 Comments

In the preceding code samples, the number of iterations for the loop is not always correct since an allocation can be less
than the number of codes. In 11.2, the listing supports the case of a shortened sub-frame.

ETSI



134 Draft ETSI EN 302 878-2 V1.1.0 (2011-04)

Annex F (informative):
Ambient Temperature and Wind Loading Effects

This annex discusses possible ambient temperature change and dynamic wind loading effects relevant to operating a
system with DOCSIS 2.0 CMsand CMTSs. The intent of this annex is to describe possible approaches for dealing with
these issues. The relationships between the timing variation of the received upstream signal and the rate of change of
these ambient plant conditions is discussed. However, measured field data providing the statistics of the ambient
conditions used in these relationshipsis not available, so it is not possible at the time of writing to determine the
magnitude or frequency of occurrence of these conditions on operational cable systems. This annex is not intended to be
an exhaustive discussion of either these issues or solutions.

The following issues are discussed in this annex:
. synchronization tolerances to plant delay variations,
. changes in propagation delay due to temperature changes;

. changes in propagation delay due to wind in the case of aeria cable plant.

F.1  Synchronization Tolerances to Plant Delay Variations

The CMTS receiver synchronization requirements for SCDMA and Advanced TDMA are identical for the same signal
constellation and symbol rates. However, for SCDMA, burst synchronization is accomplished, to afine degree,
through the ranging process, while for TDMA, burst synchronization is accomplished to a coarse degree, through the
ranging process and then to a fine degree through a receiver burst timing recovery process. In both cases, the degree of
timing accuracy required in the receiver is tighter for higher symbol rates and higher-order constellations.

Because S-CDMA requires afine degree of timing accuracy to be accomplished solely by the ranging process, it is
more sensitive to changes in the propagation delay of the cable plant between ranging intervals, which can be as much
as 30 s apart. Table F-1 lists plant delay variations that can be accommodated in SSCDMA and TDMA modes for al dB
degradation under example conditions.

Table F-1: Allowable Plant Timing Drift

Constellation E./N, for 1e-8 Allowable peak-peak Allowable peak-peak
BER(dB) plant delay variation plant delay variation
(ns)S-CDMA mode (ns)TDMA mode

Fully-coded QPSK 5 90 800
TCM QPSK 9 79 N/A
TCM 8-QAM 12 57 N/A
Uncoded QPSK 15 38 800
Fully-coded 64-QAM 17,7 24 800
TCM 32-QAM 19 18 N/A
Uncoded 16-QAM 22 9 800
Uncoded 32-QAM 25 6 800
TCM 128-QAM 25 6 N/A
Uncoded 64-QAM 28 2 800

Defined conditions:

. 1 dB degradation at 1e-8 BER;
. Uniform ranging offset over £1/64 chip;
. 63 CMs, each with 2 codes;

e EJ/N,numbers areideal theoretical values, not including implementation effects;

. 5,12 MHz modulation rate;
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. Timing variation over 30 s period;
e  TDMA receiver accepts £2 symbol coarse timing offset (implementation-dependent).

This channel impairment should be considered along with all of the other upstream channel characteristics highlighted
in table 5-2 or in table B-3, depending on which of the two technology optionsis relevant in the particular application
(North American or European) as described in clause 1.1.

DOCSI S requires station maintenance at least every 30 s (T4 time out has a maximum value of 35 s). For SCDMA at a
given modulation and symbol rate, if there exists arapid propagation delay variation such that the resulting delay
change cannot be tracked by station maintenance, then one or more of the following performance trade-offs and/or
system changes may be enacted:

1) decrease the station maintenance period;

2)  decrease the constellation order;

3) decrease the modulation rate;

4)  apply additional error correction;

5)  apply some combination of 1 through 4; or

6) change the channel to operatein TDMA mode.

The following clauses discuss the relationship of temperature changes and wind loading on the propagation delay in
coaxial and HFC cable plants.

F.2  Change in Propagation Delay Due to Temperature
Changes

F.2.1 Fibre Delay Changes Due to Temperature

In HFC plant design, the number of amplifiersin cascade in the coax portion is kept low in order to keep signal
degradation to an acceptable level. Asaresult, long runs of cable plant are mainly comprised of fibre. A typical value
for propagation delay variation due to temperature change of the fibre is 44 ps per km per degree C. The delay variation
comes mostly from the change in refractive index of the glass with temperature, not the change in fibre length.

It isassumed that changesin optical cable length due to stretching or expansion will be a negligible factor because
optical cables are built to isolate the fibre from stresses in the cable itself. The fibre usually sitsloosely in atube inside
the cable and quite a bit of relative movement is possible. This construction allows normal cable handling and aerial
deployment without resulting in high stress on the optical fibre.

Assuming 44 ps per km per degree C, any product of optical cable length and temperature change which equals 50,
results in approximately a 2 ns change in the fibre propagation delay. For example, 25 km fibre and a 2° temperature
change will result in a2 ns change in propagation delay. For the maximum distance between CMTS and CM specified
in DOCSIS of 100 miles or roughly 160 km, the temperature change needed for a 2 ns change in one-way propagation
delay is0,3 °C.

Obviously, theissue is how fast the cable core (where the fibre is) will heat up under ambient temperature changes. For
buried or underground cable, there isno issue. For aerial cable solar loading changes should be considered. Black
sheathed cable has interior temperatures quite a bit higher than ambient in sunlight, but datais currently unavailable.
When the rising sun hits aerial cable on a cold morning, one would expect a temperature change. Similarly, sunlight
appearing out of cloud cover may have a similar impact although the size of the shadow of the cloud moving out of the
way hasto be considered. The numerical examples above suggest that only long aerial cable runs may have a problem
under some combinations of time-of-day and weather.
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F.2.2 Coaxial Cable Delay Changes Due to Temperature

The coaxial cable has"blown" foam between the centre conductor and the solid shield. The nominal propagation
velocity is about 87 % of free space velocity. Propagation velocity does not vary markedly with temperature. Given the
relatively short lengths of coaxial cable in most HFC plants (afew miles), this seems unlikely to be a significant source
of delay variation.

F.2.3 Delay Change Due to Wind

Aerial cable stretches during windy conditions, so it is possible to estimate a propagation delay from the change in
length under various wind loads. As mentioned, the construction of optical cable makesit tolerant of stretching, soitis
assumed that optical cable stretching, due to wind loading, can be ignored. Wind loading will affect aerial coaxial
cables.

Wind loading is difficult to deal with, analytically, because it is unlikely to be uniform along the cable. A delay model
derived from a significant body of measured data is needed to investigate this further. Wind loading may be a source of
fast delay variation and station maintenance may not occur at intervals small enough for the ranging mechanism to track
this variation accurately.

The effects of wind loading on atypical cable were investigated with a publicly available program from a coaxial cable
manufacturer. These calculations showed that length changes in the range 0,01 % and 0,05 % are possible for various
amounts of wind loading. This converts to significant propagation delay variation. For example, at 5 miles (8 km) and
0,02 % length variation, the change in propagation delay is:

(8/3€5)* (1/0.87)* 2e-4 5= 6 ns

Thisisapeak value, but the length of coax is quite short and the wind load is moderate. While the time duration over
which this delay variation occurs is unspecified, it may be noted that wind gust datais readily available for most cities
and wind gust will be the primary mechanism for wind-based timing changes on cable plants. For example, in New
York City at the time of thiswriting, wind gusts of up to 40 mph were reported, while average wind speed was about
10 mph. Hence, over aperiod of 1 sto 4 s (the typical wind gust measurement interval), the wind speed changed by
30 mph. Much stronger wind gusts are frequently measured in locations prone to windy conditions.
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Annex G (informative):

Description of Upstream Transmit Channel Set Capability:
Example Calculations for Reporting and Figuring the
Number of Active Channels Supported

Asdescribed in the requirements in clause 6.2.25.1, the CM communicates to the CM TS its capabilitiesin regards to the
number of active upstream channelsit can support. The method of conveyance needs to clearly and unambiguously
describe the capabilities of the CM to the CMTS.

This annex provides the definition for the parameters asin clause 6.2.25.1 and also provides examplesillustrating the
calculations that need to take place at both the CM and the CMTS so that precisely the same possible upstream transmit
channel combinations are understood at both.

Let X = number of 6,4 MHz channels, Y = number of 3,2 MHz channels and Z = number of 1,6 MHz channels that are
active at one time (the Transmit Channel Set). Let X ,,,, be the maximum number of 6,4 MHz channels that the CM can

support, Y 4 be the maximum number of 3,2 MHz channels that the CM can support and Z,,,,, be the maximum
number of 1,6 MHz channels that the CM can support. Z,,,,,, is equivalent to the maximum number of upstream
transmitters that the CM can support.

The CM reports X o Y max @d Z,4, during registration using modem capabilities encodings specified in [18], in the
clause entitled, "Modem Capabilities Encoding". It is specified in clause 6.2.25.1 that X .0 < Y max < Zmax:

Communications of X, .., Y

possiblefor X, Y and Z.

max @nd Z,,,., by @a CM provides enough information to describe al the combinations

It is understood that these then directly provide the combinations of (X, Y, Z) which are (X 5 0, 0); (0, Y 15 0); and
(0,0, Z20-

From these values the CMTS may calculate B,,,5, = Max(6,4* X a0 3:2°Y max 116*Za)-

Then, al valuesfor (X, Y, Z) are allowed which satisfy all inequalities below:

6,4*X +3,2¢Y + 1,6*Z < B

Xixmax
Y <Y

X+Y+Z<Zpo

EXAMPLE 1:

Xmax =4 Yo =% Zimax = 4
Inthiscase al combinationswith X +Y + Z <4 are possible.
EXAMPLE 2:

Xinax =4 Y imax = 8; Zinax =16.

In this case we have all combinations where 6,4X + 3,2Y + 1,6Z < 25,6.

Thisisidentical to areceiver which can channelize 25,6 MHz into any combination of the three channel bandwidths
without restriction.

EXAMPLE 3:
Xinax =4 Y max=8: Z 8.

max —
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Thisisasubset of example 2.
With this capability reporting, both conditions a) 6,4X + 3,2Y + 1,6Z <256 and b) X + Y + Z < 8, needsto be met.
Thus, all casesin example 2 with X +Y + Z > 8 ARE EXCLUDED with this reporting.

The CM in this case only has to support (and will only be asked to support) a maximum of 8 channels, even if they are
al 1,6 MHz bandwidth.

There are no other restrictions on the Transmit Channel Set which needs to be supported.
EXAMPLE 4:
Xemax =4 Y max = 6; Zynax = 8-
Thisis asubset of example 2 and a subset of example 3.
With this capability reporting, both conditions
a 64X +32Y +16Z<256;and
b) X +Y +Z<8, needsto bemet, but in addition, Y <6.

Thus, all casesin example 2 with X +Y +Z >8 ARE EXCLUDED with thisreporting and ALSO EXCLUDED are

The latter cases are EXCLUDED because the cases with Y > Y .. = 6 have to be excluded.

Note that (1, 6, 0); (0, 6, 2); {and (0, 6, 1) and (0, 6, 0)} are INCLUDED.
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Annex H (informative):
Description of Upstream Channel Power Control with
Multiple Upstream Channels

This annex provides an explanation of the difference in the power control algorithm with @ multiple upstream channels,
compared to b) previous DOCSI S operation. This annex a so explains the extension of some DOCSIS 2.0 parameters
and defines new parameters in the upstream power control operation and a so provides examples illustrating the
upstream power adjustment and control by the CMTS of CM's which have Multiple Transmit Channel mode enabled.

H.1 DOCSIS 2.0 Parameters Extended to Multiple
Transmit Channel mode

The basic parameters from DOCSIS 2.0 such as P,, Py, P,y ad for SSCDMA with Maximum Scheduled Codes

Enabled, Py 1, Piow sand P, maintain their definitions and roles from DOCSIS 2.0. However, these are extended

with Multiple Transmit Channel mode enabled so that they are defined for each upstream channel which the CMTS has
activated for the CM. These parameters are denoted with a subscript identifying the channel for which they are
associated. Therefore, with four upstream channels activated by the CMTS for a particular CM, that CM will have P

P, 5, P, 3and P, 4 for itsreported power level (dBmV) for its four upstream channels, respectively.

H.2 New Parameters in DOCSIS 3.0 Upstream Power
Control ("loading," Pisad n» Pioad min_sety Dynamic Range
WiﬂdOW, I:)Iow_multi_n)

In addition to the extension of these DOCSIS 2.0 parameters, there are new parameters introduced in DOCSIS 3.0
upstream power control. Parameters such as Pioaq min setr Pioad—n (€:9- Pioad 10 Pload 20 €tC.) and Pigy, muiti n are added

and new concepts such as Dynamic Range Window and "loading" an upstream digital-to-anal og converter with the
modulated waveforms to be transmitted upstream are added.

The "loading" of a modulated waveform to be transmitted upstream is a measure of how close to the maximum power
level the waveform happens to be (in terms of its average power); this is dependent on the absolute power level of the
waveform and of the modulation type of the waveform and also the number of channelsin the Transmit Channel Set.
For example, with 64-QAM TDMA modulation the maximum power level allowed is 57 dBmV, 54 dBmV and

51 dBmV for one, two and three channels, respectively, in the Transmit Channel Set. A "fully loaded" 64-QAM TDMA
waveform with one channel in the Transmit Channel Set would be transmitted at 57 dBmV while a"fully loaded"
64-QAM waveform with three channelsin the Transmit Channel Set would be transmitted at 51 dBmV. A 64-QAM
TDMA waveform which is "underloaded” by 15 dB would transmit at 57 dBmV - 15 dB = 42 dBmV with one channel
in the Transmit Channel Set and a 64-QAM TDMA waveform which is "underloaded” by 15 dB would transmit at
51dBmV - 15 dB = 36 dBmV with three channels in the Transmit Channel Set. The parameter P, , is used to convey
the amount by which the nth channel is underloaded. Thus, in the case of the single channel in the Transmit Channel
Set, with 42 dBmV for the 64-QAM TDMA transmit |evel, the channel is underloaded by 15 dB, therefore, P,y 1 =
15 dB. Similarly, in the case of three channelsin the Transmit Channel Set, with three 64-QAM TDMA modulations
transmitting at 41 dBmV, 38 dBmV and 36 dBmV, we have P4 1 = 10dB, P,q » = 13dB and P,4 3 = 15dB,

where P4 1 corresponds to the channel with the lowest value of P, or equivalently, the highest or more full
loading.

The concept of "loading," and the values of P,y ,,, @€ only indirectly tied to the absol ute transmit power, as seen in the
preceding paragraph, with the absol ute transmit power equalling the maximum transmit power (for the modulation and
number of channelsin the Transmit Channel Set) minus P, , for the nth channel.
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For the case with multiple modulation types across the burst profiles of a channel, such as QPSK TDMA and 64-QAM
TDMA burst profiles existing in one channel, the maximum power for the channel is determined by the lower-valued
64-QAM level of 57 dBmV compared to QPSK's 61 dBmV (assuming for this example a single channel in the Transmit
Channel Set), just asin DOCSIS 2.0. P; ; =57 dBmV for this case, as set by the 64-QAM TDMA maximum power.

With "full loading" on this channel, 64-QAM TDMA will transmit at 57 dBmV. Note that QPSK will transmit at
57 dBmV - 1.2 dB = 55,8 dBmV in this situation (due to the constellation gain of -1,18 dB for QPSK). While the
64-QAM TDMA modulationis"fully loaded,” and P4 1 = 0 dB in this example, the QPSK TDMA modulation on this

channel is underloaded, infact, by 5,2 dB. Py ; is determined by the 64-QAM modulation in this case and the QPSK
modulation is NOT determining P,,; (by virtue of the definition of P; = min(P,,, - Gcongt) Over all burst profiles used
by the CM in this channel). Therefore, it is only the loading of the 64-QAM modulation which is described by P, oad_1-

The loading occurring with QPSK in this example isirrelevant in the calculations and parameters involved in power
control with Multiple Transmit Channel mode enabled.

The parameter P,y min_set IS COMManded to the CM by the CMTS and sets in place the restriction on Py,  that:
*  Pload min set = Pload n = Pload_min st 12 dB, for all channelsin the Transmit Channel Set.

Since Pigag n = Phi_n - Py n thevalue of Pigy min s Placesthelimit on P, , for each channel that:
. Phi_n- Pload_min _set>Pr n>Phi_n- Pload min_set - 12 dB.
. (Notethat Plow_multi_n=Phi_n-Pload_min_set - 12 dB.)

Therefore, for each channel in the Transmit Channel Set, the range of P, , for that channel is restricted to operating over

awindow of 12 dB by the value commanded by the CMTS. Thisis the Dynamic Range Window for the CM for the nth
channel. Note that the actual transmit values, P, ,, for each channel in the Transmit Channel Set may operate over a

DIFFERENT 12 dB range, but the P,y ,, values needsto all fall within the SAME 12 dB window. Therefore, there ISa
unigue Dynamic Range Window set for the CM by P4 min <et» NOWever the absolute transmit range for each channel

may differ. For example, let there be two channelsin the Transmit Channel Set and one channel has only 64-QAM
TDMA modulation and the other has only QPSK TDMA modulation and further, Pioaq min < = 15 dB. For each

channel the Dynamic Range Window is such that 15 dB < P, , < 27 dB. However, the channel with only 64-QAM
TDMA modulation will operate with P, , between 54 dBmV - 15 dB =39 dBmV and 54 dBmV - 15 dB - 12 dB =

27 dBmV, while the channel with only QPSK TDMA modulation will operate with P, ,, between 59,2 dBmV - 15dB =
44,2 dBmV and 59,2 dBmV - 15dB - 12dB = 32,2 dBmV. -

H.3  Example Upstream Power Control with Multiple
Transmit Channel mode Enabled

In DOCSIS 2.0, when a change to the power level is commanded to the CM, the new P, is tested against P,; and P,
and P, isclipped at Py, or Py, if in fact P, would have been higher than Py, or lower than P, (per [12]). With MSC
enabled, P, is tested and clipped against P; +and Py, sand Py, istested and clipped against P; s

When aCM is placed in Multiple Transmit Channel mode by the CMTS, Py 1min_set N€€ds to be provided to the CM.
Thiswill set the Dynamic Range Window for the CM.

With MTC mode enabled, each channel continues operating with the testing and clipping as described for DOCSIS 2.0,
with the following exceptions:

1) Anadditional test is performed comparing the newly proposed P, ,, with Py - Pioag min set» 1O restrict the
maximum power level for the channel to be Py min_set DElOW Py . Effectively, the highest reported power
level for each channel isreduced by P,y min sat (dB).
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2)  If when comparing the newly proposed P, , against Py 1, - Pigad min set: it isfound that P, istoo high, then
the power change command for P, , isto beignored. (Note that when Py, min st iSO dB there will not be

discarding of commands for going over the power range limit; thisis because the protocol described in
clause 6.2.19 provides that Pr_n isfirst tested and clipped against Phi_n, without discarding if clipping is

needed.)

3) Thestepsof #1 and #2 are performed for checking for the low power levels, too, where now P, |, is not
allowed to drop below Py 1 - (Pigad min st * 12 dB).

4)  For MSC enabled, P, ,, istested to ensureit is not exceeding Py 1 1, - Pigad min set @nd also that Py isnot
below Py 1 11~ (Pigad min st + 12 dB) and if either occurs the command changing P, |, isignored.

5)  For MSC enabled, P, is clipped so that it will not exceed Py s- Pioog min sat-

Consider an example with four TDMA channels, each with 64-QAM only. In this example, suppose the CMTS begins
With Pioag min_set = 3 dB; then for each channel the channel power, P ,, islimited to be <P, , - 3dB, so that each

channel islimited to 48 dBmV rather than the four-channel max for 64_1-QAM whichis51 dBmV. The lowest value
alowed for each P, ,is36 dBmV (12 dB below the highest value.) Consider that each channel is set for

P, n=46dBmV. Thisallows 2 dB of headroom before P,y min s Would haveto beincreased to allow P, , torise
above 48 dBmV.

In this example, consider that the CM TS then commands one of the channels to drop its power level by 2 dB. This
change would require areconfiguration time on that channel, but al other channels may continue to receive grants and
be bursting and all fidelity requirements would have to still be met.

Then consider that the CMTS commands this channel to drop its power another 2 dB and provides that channel a
reconfiguration time. Now this channel has had its power changed by 4 dB since the last global reconfiguration time
was provided, so the fidelity requirements are not enforced.

Now consider that this channel is moved back up by 2 dB, o its net change since the last global reconfiguration timeis
back to -2 dB. The fidelity requirements are still not in place; they were removed when the CM was commanded to
move one of its channels by more than 3 dB since the last global reconfiguration time and the specification states that
the fidelity requirements are not back in place until the next global reconfiguration time.

To continue the example, assume again that the channel is dropped another 2 dB, down once again to 42 dBmV, 4 dB
below the starting value.

When a global reconfiguration time is subsequently provided for the CM, all conditions are met for full fidelity
requirements to be applicable.

Then, this channel is commanded to drop its power another 2 dB and again it is provided a reconfiguration time such
that it can implement this change; no global reconfiguration timeis needed or provided. Now the fidelity requirements
are dightly relaxed, because this channel loading is 6 dB higher (i.e. lower power) than the next closest channel loading
(40 dBmV versus 46 dBmV). (Also note that it is the channel loading, i.e. P, ,, compared to Py; ,, and NOT the absolute

value of P, ,, that determinesif the 4 dB range for 4 active channelsis met.)

Continuing this example further, consider that another channel has its power dropped by 4 dB and a reconfiguration
time is provided on this channel, but until aglobal reconfiguration timeis provided the fidelity requirements are not
enforced (due to this4 dB change since the previous global reconfiguration). Once a global reconfiguration timeis
provided, the full fidelity requirements will be in place again, since all conditions are met (the P4 ,, values are 5 dB,

5dB, 9dB and 11 dB and the lowest Py, , valueiswithin 3 dB of Pigyy yin s Whichis still 3 dB).
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Now consider that the CM TS wishesto raise the power of one of the two remaining high-power channels by 2,5 dB.
Unless Pigag min set iSTeduced by at least 0,5 dB, to 2,5 dB or lessfromits current value of 3 dB, this power change

command would be ignored since it would result in a violation of the Dynamic Range Window for the channel. Let the
CMTS send achangein Pg,y min set 10 1 dB and at the same time increase the power in one of the two remaining

channels by 2,5 dB. The CM will need to wait for a global reconfiguration time to make the dual changesin
Pload_min set @din P, , for the channel moving up to 48,5 dBmV. If all these changes are implemented at the CM, then

for each channel, since each has only 64-QAM TDMA, the maximum value of P, , (the top of the Dynamic Range

Window) is 50 dBmV and the four channels are commanded to 48,5 dBmV, 46 dBmV, 42 dBmV and 40 dBmV. If the
CMTS provides a global reconfiguration time, then these changes can be implemented. However, if the CMTS provides
reconfiguration time to the one commanded channel, but thisis not a global reconfiguration time, then the CM will not
be able to implement the command to increase its power, since global reconfiguration timeisrequired for the change in
the Dynamic Range Window. Note that even if the pending power change did not require the new P,y yin st SINCE
the channel power change was commanded concurrently with the change in the Dynamic Range Window, the CM
should not implement the channel power change until the next global reconfiguration time. The CM should wait to
implement both changes during the next global reconfiguration time, at which time the CM will still be meeting all
fidelity requirements. Note that the P4 ,, valuesare now 2,5 dB, 5 dB, 9dB and 11 dB.

As afurther refinement of this example, consider that the channel at 40 dBmV actually had a QPSK TDMA modulation
inits burst profiles, along with the 64-QAM. Let this channel also be commanded to reduce its power by another 2 dB,
toP, ,=38dBmV. P, n, for thischannel isthus 51 dBmV - 38 dBmV = 13 dB, which is exactly 12 dB below
Pload_min set @nd thus P,y isexactly equal to Pygyy i n =51 dBmV - 1dB - 12dB =38 dBmV in this example. There
isno other change in this example. However, note that when QPSK is bursted on this channel it is bursting at 38 dBmV
- 1,18 dB = 36,8 dBmV. Note that thisis BELOW the power level of Py, muiti_n for this channel. Thisisloading,
compared to QPSK TDMA with four channels, whichis 55 dBmV - 36,8 dBmV = 18,2 dB, while Pj;aq min s i1 dB.
Even though QPSK on this channel is underloaded by 18,2 dB and thisis 17,2 dB from Piooq min set» the Pjogq fOr this
channel is till 12 dB. The fact that the QPSK modulation is more than 17 dB underloaded compared to Pioq min <t 1S
not relevant. The CM needs to be able to accommodate transmission of the QPSK modulation at the slightly less loaded
value than occurs with 64-QAM, since the power of the QPSK bursts compared to the 64-QAM burstsis only differing
by 1,18 dB; the fact that the QPSK bursts are more underloaded (by our definitions in these requirements) does not
imply that fidelity relief is mandated for this modulation, which is at amost the same absolute power levels for both the
64-QAM and QPSK bursts.

H.4  Examples Regarding Concurrent and Consecutive
Changes In Pr_n and P|Oad_min_set

When the CMTS sends a new value of Pigq min s t0 the CM, thereis a possibility that the CM will not be able to

implement the change to the new value immediately, because the CM may be in the middle of bursting on one or more
of its upstream channels at the instant the command to change Py min s IS received at the CM. Some amount of time

may elapse before the CMTS grants global reconfiguration time to the CM. Similarly, commanded changesto P, , may
not be implemented immediately upon reception at the CM if the nth channel is bursting. Commanded changes to P
may occur simultaneously with the command to change Pg.q min st~ The CMTS should not issue a changein

Pioad min set after commanding achangein P, , until after aso prEJviding asufficient reconfiguration time on the nth
channel. The CMTS should not issue achange in Pigq min < after commanding aprior changein P min <t UNtil

after also providing a global reconfiguration time for the first command. Also, the CMTS should not issue a change in
Py @ until after providing a global reconfiguration time following a command for anew value of Py min s @nd b)

until after providing a sufficient reconfiguration time on the nth channel after issuing a previous changein P, . In other
words, the CMTS isto avoid sending consecutive changesin P, ,, and/or Piyq min <ot t0 the CM without asufficient
reconfiguration time for ingtituting the first command. When a concurrent new val ue of Pioad min st @nd changeinP,
are commanded, the CM may wait to apply the change in P, , at the next global reconfiguratﬂ)n time (i.e. concurrent -
with the institution of the new value of Pjoyq min set) Father than applying the change at the first sufficient
reconfiguration time of the nth channel; the value of Pload min set Which appliesto the new P, , isthe concurrently
commanded P,y min set Value and thusif the change to P_r n falls outside the Dynamic Range Window of the old

Pioad min set then the CM has to wait for the global reconfiguration time to apply the change in P
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In the following example, P,y , Will be discussed along with P, ,, to simplify the example.

In thisexample, let Pjoaq min st P& 15dB and Py 1 1516 dB and P4 5 iS 18 dB and a new command isissued to
change g min set t0 14 dB and concurrently to change P4 1 to 14 dB. Now assume the opportunity existsto change

the power on Channel 1 but a global reconfiguration time is not provided until a bit later. Then the CM needs to
recognize that it should NOT discard the change in P4 1 from 16 dB to 14 dB just because the new P,y min st NS

not had its opportunity to be applied. If the change in P, ; had been commanded BEFORE the change in Po.y min set
then this change command to P, ; places P, ; outside of the Dynamic Range Window and this command should be
ignored by the CM. However, since in the example the change to P, 1 and Pigaq min set Was concurrent, the CM should
bypass the opportunity to change P, ; on Channel 1 when the quiet time on Channel 1 occurs and the CM should wait
for the global reconfiguration time and then change both P 1 and Pigog min set-

If the change in P, 4 had been only 1/2 dB, thiswould NOT have placed P, ; outside the starting Dynamic Range
Window and the CM could have implemented the change in P, ; at the first opportunity, but the CM isalowed in this
case to wait and ingtitute the change in P, ; at the same time as the change in Pz min se SiNCe the commands were
sent concurrently to the CM. N o

If the change in P, ; had been only 1/2 dB and this change was commanded to the CM prior to the command to change
Pioad min set then the change to P, 1 needsto be implemented at the first reconfiguration opportunity on Channel 1. If
no such opportunity is provided and the change to Pioad min set 1S commanded, then the CM may ignore this
commanded change in P,y min st €VEN though this command isin compliance with both the existing P, ; and the
pending P, 1; the CMTS should not issue such a command (the CM TS should wait for the CM to change I_Dr 1 before
sending a new Pioad min set)- Note that the recommended response of the CM to such an improperly issued changein
Pioad min st IS0 continue with the change in P, 1 a the provided Channel 1 reconfiguration time (asit is required to
do) and wait for the global reconfiguration ti me and implement (albeit inappropriately) the commanded Py, min sat-
Another circumstance in the event of the commanded change in Pjgaq min st Prior to the opportunity for P, l_to change
isif the first subsequent opportunity for P, ; to changeis also aglobaT rec_onfiguration time; it 1S allowed for the CM to
implement the changein P, 4 at this opport_unity, but NOT to change Pigaq min et Since this was issued improperly by
the CMTS. However, it 1S recommended that the CM hold on to this commanded new value of Pioad min st @d
implement it at the NEXT global reconfiguration time. -

Altering the example, if P,y min set Nad been commanded to move from 15 dB to 17 dB with no changesin Py, 1 OF
Pioag 2+ this changeisto be campl_etely discarded sinceit places P, | outside the Dynamic Range Window. If the CMTS
issues such a command and before the next global reconfiguration time Pioag 1 1S commanded to change from 16 dB to
17 dB, itis till required that the CM ignore the P4 min <t Change, since it wasin violation of the Dynamic Range
Window constraints when it was issued. o
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Annex | (informative):
Example Spurious Emissions Noise Power Limits with
Multiple Channels Bursting

This annex provides examples illustrating the calculation of the noise power limits set by the spurious emissions
requirements for the upstream transmissions when more than one channel is bursting. The spurious emission
requirements are levied such that the noise power limits are relative to the channel transmit power; with multiple
channels bursting simultaneously, the absolute noise limits from each transmitted channel are added together to produce
the composite noise limit of the requirement. There are some conditions in the specification related to channel transmit
powers falling below certain levels relative to the other channel transmit powers, where the noise limits are increased
(relaxed). In these cases the noise power limit for the channel or channels which are transmitting below the power range
determined by the higher power channels corresponds to the transmit power for the low-powered channel(s) if they
were increased in power such asto fall just at the lower boundary of the power level range rather than below the range.

As one example, with three SSCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV and
41 dBmV, the absolute spurious emissions requirements, when two or more channelsin the TCS are transmitting,
correspond to the absolute spurious emissions regquirements with transmit power per channel of 53 dBmV, 45 dBmV
and 45 dBmV. The 41 dBmV power levels are raised (conceptually but not in actuality), for the purposes of determining
the spurious emissions limits, up to 53 dBmV - 8 dB = 45 dBmV . If the modulation rateis 5 120 kHz and the noise
limit is being calculated for a channel which is not adjacent to any of the three bursting channels, then the noise limit
corresponds to that which would occur if each bursting channel contributed noise power -44 dB below its bursted signal
power (or asin this example, below the artificially raised signal power for channels falling below the ranges for full
application of the requirements). Thusin this example, with all three channels bursting, the noise limit for thistest, ina
non-adjacent transmit channel, isthe sum of a) 53 dBmV - 44 dB =9 dBmV, b) 45dBmV - 44 dB =1 dBmV and

c) 45dBmV - 44 dB = 1 dBmV. Converting to natural numbers (rather than "dB" values) and adding the noise powers,
thesumof 9dBmV + 1 dBmV + 1 dBmV = 10,2 dBmV, which serves as the noise power test limit for the spurious
emissions requirements for this case.

Asan example with four SCDMA channelsin the TCS, at transmit powers per channel of 53 dBmV, 41 dBmV,

41 dBmV and 41 dBmV, the absolute spurious emissions requirements, when two or more channelsin the TCS are
transmitting, correspond to the absolute spurious emissions requirements with transmit power per channel of 53 dBmV,
49 dBmV, 45 dBmV and 41 dBmV. The 41 dBmV power levels are raised (conceptually but not in actuality), for the
purposes of determining the spurious emissions limits, up to 53 dBmV - 4 dB = 49 dBmV; and the artificial

49 dBmV - 4 dB = 45 dBmV; and the artificial 45 dBmV - 4 dB =41 dBmV. If the modulation rateis 5 120 kHz and
the noise limit is being calculated for a channel which is not adjacent to any of the four bursting channels, then the noise
limit corresponds to that which would occur if each bursting channel contributed noise power -44 dB below its bursted
signal power (or asin this example, below the artificially raised signal power for channels falling below the ranges for
full application of the requirements). Thusin this example, with al four channels bursting, the noise limit for thistest,
in a non-adjacent transmit channel, isthe sum of a) 53 dBmV - 44 dB =9 dBmV, b) 49 dBmV - 44 dB =5dBmV,

c) 45dBmV - 44 dBmV =1 dBmV and d) 41 dBmV - 44 dB = -3 dBmV. Converting to natural numbers (rather than
"dB" values) and adding the noise powers, the sum of 9 dBmV + 5dBmV + 1 dBmV + (-3dBmV) = 11,1 dBmV,
which serves as the noise power test limit for the spurious emissions regquirements for this case.
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